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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.


      
        Reversing Alzheimer's damage: Two cancer drugs demonstrate surprising power
        In an exciting breakthrough, researchers have identified cancer drugs that might reverse the effects of Alzheimer's disease in the brain. By analyzing gene expression in brain cells, they discovered that some FDA-approved cancer medications could reverse damage caused by Alzheimer's.

      

      
        Fat melts away--but so does muscle: What Ozempic users need to know
        GLP-1 drugs like Ozempic are transforming weight loss, but a new UVA study warns they're not improving a critical measure of health: cardiorespiratory fitness. While these medications help people shed fat, they also strip away vital muscle mass--raising concerns about long-term heart health, physical function, and mortality. The researchers urge combining treatment with exercise, protein intake, and possibly future drugs to avoid hidden downsides of rapid weight loss.

      

      
        Pain relief without pills? VR nature scenes trigger the brain's healing switch
        Stepping into a virtual forest or waterfall scene through VR could be the future of pain management. A new study shows that immersive virtual nature dramatically reduces pain sensitivity almost as effectively as medication. Researchers at the University of Exeter found that the more present participants felt in these 360-degree nature experiences, the stronger the pain-relieving effects. Brain scans confirmed that immersive VR scenes activated pain-modulating pathways, revealing that our brains c...

      

      
        Max-dose statins save lives--here's why doctors are starting strong
        Potent statins are the best-proven weapon against heart disease, especially when paired with lifestyle changes. Most people aren't active enough--and many are underdiagnosed--so starting treatment strong is key.

      

      
        Why cold feels good: Scientists uncover the chill pathway
        A newly mapped neural circuit shows how our skin senses cool temperatures and sends that info to the brain, revealing an unexpected amplifier in the spinal cord and offering insight into cold-related pain.

      

      
        The 0.05% RNA Process That Makes Cancer Self-Destruct
        A group of Australian scientists has uncovered a new way to fight some of the toughest cancers by targeting an overlooked cellular process called minor splicing. This tiny but vital mechanism turns out to be essential for the growth of certain tumors, especially those driven by KRAS mutations -- a common but hard-to-treat culprit in cancer. By blocking minor splicing, researchers triggered DNA damage and activated the body's own cancer-defense system, killing cancer cells while sparing healthy one...

      

      
        How AI is supercharging plant immunity to fight deadly bacteria
        Scientists have used artificial intelligence to upgrade plant immune systems, potentially revolutionizing how crops like tomatoes and potatoes can defend against harmful bacteria. By reengineering plant receptors that recognize bacterial threats, they are enhancing plant resistance and preparing for a future of more resilient crops.

      

      
        The pandemic's secret aftershock: Inside the gut-brain breakdown
        A new global study reveals a striking post-pandemic surge in gut-brain disorders like IBS and functional dyspepsia. Researchers compared data from 2017 and 2023 and discovered sharp increases--IBS up 28% and dyspepsia nearly 44%. Those suffering from long COVID were especially vulnerable, reporting more anxiety, depression, and worse quality of life. These findings spotlight the urgent need for deeper investigation into the gut-brain axis and revised care models in a post-COVID world.

      

      
        This brain circuit may explain fluctuating sensations--and autism
        Sometimes a gentle touch feels sharp and distinct, other times it fades into the background. This inconsistency isn't just mood--it's biology. Scientists found that the thalamus doesn't just relay sensory signals--it fine-tunes how the brain responds to them, effectively changing what we feel. A hidden receptor in the cortex seems to prime neurons, making them more sensitive to touch.

      

      
        This tiny lung-on-a-chip could predict--and fight--the next pandemic
        Scientists at Kyoto University have developed a groundbreaking "lung-on-a-chip" that can mimic the distinct regions of human lungs--airways and alveoli--to study how viruses like COVID-19 affect them differently. Powered by isogenic induced pluripotent stem cells (iPSCs), the system offers a high-fidelity way to model personalized immune responses and test drug effectiveness. This innovation opens the door to precision medicine, deeper understanding of emerging viruses, and even modeling of other o...

      

      
        Drones reveal 41,000-turtle nesting mega-site hidden in the Amazon
        A team at the University of Florida used drones and smart modeling to accurately count over 41,000 endangered turtles nesting along the Amazon's Guapore River--revealing the world's largest known turtle nesting site. Their innovative technique, combining aerial imagery with statistical correction for turtle movement, exposes major flaws in traditional counting methods and opens doors to more precise wildlife monitoring worldwide.

      

      
        Your sleep schedule could be making you sick, says massive new study
        A global study of over 88,000 adults reveals that poor sleep habits--like going to bed inconsistently or having disrupted circadian rhythms--are tied to dramatically higher risks for dozens of diseases, including liver cirrhosis and gangrene. Contrary to common belief, sleeping more than 9 hours wasn't found to be harmful when measured objectively, exposing flaws in previous research. Scientists now say it's time to redefine "good sleep" to include regularity, not just duration, as biological mecha...

      

      
        400-million-year-old fish exposes big mistake in how we understood evolution
        A fish thought to be evolution's time capsule just surprised scientists. A detailed dissection of the coelacanth -- a 400-million-year-old species often called a "living fossil" -- revealed that key muscles believed to be part of early vertebrate evolution were actually misidentified ligaments. This means foundational assumptions about how vertebrates, including humans, evolved to eat and breathe may need to be rewritten. The discovery corrects decades of anatomical errors, reshapes the story of sk...

      

      
        Atomic-scale secrets: What really happens inside your battery
        Scientists have cracked open a mysterious layer inside batteries, using cutting-edge 3D atomic force microscopy to capture the dynamic molecular structures at their solid-liquid interfaces. These once-invisible electrical double layers (EDLs) twist, break, and reform in response to surface irregularities phenomena never seen before in real-world battery systems. The findings don t just refine our understanding of how batteries work at the microscopic level they could fundamentally change how we b...

      

      
        Clockwork from scratch: How scientists made timekeeping cells
        Scientists at UC Merced have engineered artificial cells that can keep perfect time--mimicking the 24-hour biological clocks found in living organisms. By reconstructing circadian machinery inside tiny vesicles, the researchers showed that even simplified synthetic systems can glow with a daily rhythm--if they have enough of the right proteins.

      

      
        Building electronics that don't die: Columbia's breakthrough at CERN
        Deep beneath the Swiss-French border, the Large Hadron Collider unleashes staggering amounts of energy and radiation--enough to fry most electronics. Enter a team of Columbia engineers, who built ultra-rugged, radiation-resistant chips that now play a pivotal role in capturing data from subatomic particle collisions. These custom-designed ADCs not only survive the hostile environment inside CERN but also help filter and digitize the most critical collision events, enabling physicists to study elus...

      

      
        Digital twins are reinventing clean energy -- but there's a catch
        Researchers are exploring AI-powered digital twins as a game-changing tool to accelerate the clean energy transition. These digital models simulate and optimize real-world energy systems like wind, solar, geothermal, hydro, and biomass. But while they hold immense promise for improving efficiency and sustainability, the technology is still riddled with challenges--from environmental variability and degraded equipment modeling to data scarcity and complex biological processes.

      

      
        Columbia scientists turn yogurt into a healing gel that mimics human tissue
        Scientists at Columbia Engineering have developed an injectable hydrogel made from yogurt-derived extracellular vesicles (EVs) that could revolutionize regenerative medicine. These EVs serve both as healing agents and as structural components, eliminating the need for added chemicals. The innovation leverages everyday dairy products like yogurt to create a biocompatible material that mimics natural tissue and enhances healing.

      

      
        Walk faster, live longer: How just 15 minutes a day can boost lifespan
        Fast walking, even just 15 minutes a day, can dramatically reduce the risk of death, especially from heart disease, according to a large study involving nearly 80,000 low-income and predominantly Black Americans in the South. The findings not only affirm the well-known health benefits of walking but also highlight how pace matters and how fast walking offers a powerful, accessible tool for improving health across underserved communities.

      

      
        This gut hormone could explain 40% of IBS-D cases--and lead to a cure
        A mysterious gut hormone may be behind many cases of chronic diarrhea, especially in people with undiagnosed bile acid malabsorption, a condition often mistaken for irritable bowel syndrome. Researchers from the University of Cambridge identified that the hormone INSL5 spikes when bile acid reaches the colon, triggering intense diarrhea. Their discovery not only sheds light on the biological cause of symptoms but opens the door to a diagnostic blood test and new treatment options, including a sur...

      

      
        Did humans learn to walk in trees?
        In the quest to understand how and why early humans started walking on two legs, scientists are now looking to chimpanzees living in dry, open savannah-like environments for clues. A new study reveals that these chimpanzees, despite the open terrain, still frequently climb trees to gather fruit and other foods found high in the canopy. Their behavior suggests that bipedalism may not have evolved purely as a response to ground-based travel, but also for safe and efficient movement within trees.

      

      
        The real-life Kryptonite found in Serbia--and why it could power the future
        Deep in Serbia's Jadar Valley, scientists discovered a mineral with an uncanny resemblance to Superman's Kryptonite both in composition and name. Dubbed jadarite, this dull white crystal lacks the glowing green menace of its comic book counterpart but packs a punch in the real world. Rich in lithium and boron, jadarite could help supercharge the global transition to green energy.

      

      
        Quantum tunneling mystery solved after 100 years--and it involves a surprise collision
        For the first time ever, scientists have watched electrons perform a bizarre quantum feat: tunneling through atomic barriers by not just slipping through, but doubling back and slamming into the nucleus mid-tunnel. This surprising finding, led by POSTECH and Max Planck physicists, redefines our understanding of quantum tunneling--a process that powers everything from the sun to your smartphone.

      

      
        Ghost particles may secretly decide the fate of collapsing stars
        Neutrinos, ghostly particles barely interacting with matter, may secretly be reshaping the fates of massive stars. New research suggests that as stars collapse, they form natural "neutrino colliders," allowing scientists to probe these elusive particles in ways never possible on Earth. If neutrinos do interact through yet-undiscovered forces, they could cause stars to collapse into black holes instead of neutron stars, reshaping how we understand cosmic evolution.

      

      
        Scientists just cracked the cryptographic code behind quantum supremacy
        Quantum computing may one day outperform classical machines in solving certain complex problems, but when and how this "quantum advantage" emerges has remained unclear. Now, researchers from Kyoto University have linked this advantage to cryptographic puzzles, showing that the same conditions that allow secure quantum cryptography also define when quantum computing outpaces classical methods.

      

      
        Walk faster, age slower: The 14-step boost that builds strength
        Walking just a bit faster could be the key to aging well. Researchers found that older adults who upped their walking pace by just 14 steps per minute significantly improved their physical abilities--even those who were already frail. A new, user-friendly smartphone app helps measure walking cadence more accurately than typical devices, making this science-backed health strategy easy to adopt. By shifting from a casual stroll to a brisker walk, older adults can stay active, independent, and energi...

      

      
        Eggs are off the hook--study reveals bacon's the real heart risk
        Eggs are finally being vindicated after decades of cholesterol-related blame. New research from the University of South Australia reveals that eggs, despite their cholesterol content, aren't the dietary villains they've long been made out to be. Instead, it's the saturated fats found in foods like bacon and sausage that actually elevate harmful LDL cholesterol levels. In a world-first study, researchers showed that eating two eggs a day, as part of a low saturated fat diet, can even help reduce L...

      

      
        Science tested 64 natural remedies for depression--only a few actually work
        Over-the-counter (OTC) products like St John's Wort and omega-3s have long been touted for helping with depression, but new research reveals that 64 different OTC products have been tested in clinical trials, with varying levels of evidence. Some well-known options like St John's Wort, saffron, and probiotics showed encouraging results, sometimes comparable to antidepressants. Others like folic acid, lavender, and lemon balm show emerging promise. Although few safety concerns were reported, resea...

      

      
        Think it's just aging? Why dementia is missed for 3.5 years on average
        Many people with dementia endure long delays often over 3 years before receiving a diagnosis, with even longer waits for younger patients. A global review of over 30,000 cases reveals that age, dementia type, and systemic healthcare issues like specialist access and cultural barriers contribute to these delays. Researchers call for coordinated strategies to raise public awareness, reduce stigma, and train clinicians to recognize early symptoms and streamline referrals.

      

      
        Decades of chemistry rewritten: A textbook reaction just flipped
        Penn State researchers have uncovered a surprising twist in a foundational chemical reaction known as oxidative addition. Typically believed to involve transition metals donating electrons to organic compounds, the team discovered an alternate path--one in which electrons instead move from the organic molecule to the metal. This reversal, demonstrated using platinum and palladium exposed to hydrogen gas, could mean chemists have misunderstood a fundamental step for decades. The discovery opens the...

      

      
        An 'impossible' 20-electron molecule challenges 100 years of chemistry
        Scientists at OIST have defied a foundational rule in chemistry by creating a stable 20-electron version of ferrocene--an organometallic molecule once thought to be limited to 18 valence electrons. This discovery not only challenges conventional wisdom but unlocks new chemical behaviors and redox states, potentially transforming how catalysts and materials are designed.

      

      
        Can AI predict cancer? New model uses genomics to simulate tumors
        A team of scientists has developed a remarkable new approach to modeling how cells behave over time--using a digital "forecast" much like predicting the weather. By combining patient genomics with a groundbreaking plain-language "hypothesis grammar," the researchers can simulate how cells communicate and evolve within tissues. These simulations allow scientists to digitally test how cancers grow, how immune systems respond, and even how treatments might work in individual patients.

      

      
        COVID vaccines saved 2. 5M lives globally--a death averted per 5,400 shots
        Between 2020 and 2024, COVID-19 vaccines saved 2.5 million lives globally, preventing one death for every 5,400 doses. A groundbreaking worldwide study led by researchers from Universita Cattolica and Stanford University reveals that most lives were saved before individuals were exposed to the virus, particularly during the Omicron period and among those aged 60+. The researchers also calculated 14.8 million years of life saved, with the elderly gaining the majority of these benefits.

      

      
        Deep-sea fish just changed what we know about Earth's carbon cycle
        Mesopelagic fish, long overlooked in ocean chemistry, are now proven to excrete carbonate minerals much like their shallow-water counterparts--despite living in dark, high-pressure depths. Using the deep-dwelling blackbelly rosefish, researchers have demonstrated that carbonate production is consistent across ocean layers, bolstering global carbon cycle models. These findings reveal that these abundant fish play a hidden but crucial role in regulating Earth's ocean chemistry and could reshape how ...

      

      
        Scientists discover the receptor that helps your brain clean itself--and fight Alzheimer's
        Scientists at UCSF have uncovered how certain immune cells in the brain, called microglia, can effectively digest toxic amyloid beta plaques that cause Alzheimer's. They identified a key receptor, ADGRG1, that enables this protective action. When microglia lack this receptor, plaque builds up quickly, causing memory loss and brain damage. But when the receptor is present, it seems to help keep Alzheimer's symptoms mild. Since ADGRG1 belongs to a drug-friendly family of receptors, this opens the d...

      

      
        Scientists discover salt that makes batteries last 10x longer
        A team at KAUST has revealed that the short lifespan of aqueous batteries is primarily due to "free water" molecules triggering harmful chemical reactions at the anode. By adding affordable sulfate salts like zinc sulfate, they significantly reduced this issue--boosting battery life over tenfold. The sulfate acts as a "water glue," stabilizing the water structure and halting the energy-wasting reactions. Not only is this solution simple and cost-effective, but early results suggest it may be a uni...

      

      
        Satellites just revealed a hidden global water crisis--and it's worse than melting ice
        For over two decades, satellites have quietly documented a major crisis unfolding beneath our feet: Earth's continents are drying out at unprecedented rates. Fueled by climate change, groundwater overuse, and extreme drought, this trend has carved out four massive "mega-drying" regions across the northern hemisphere, threatening freshwater supplies for billions. Groundwater loss alone now contributes more to sea level rise than melting ice sheets, and unless urgent global water policies are enact...

      

      
        Trapped by moon dust: The physics error that fooled NASA for years
        Engineers at the University of Wisconsin-Madison uncovered a critical flaw in how lunar and Martian rovers are tested on Earth. Simulations revealed that test results have been misleading for decades because researchers only adjusted rover weight to simulate low gravity--but ignored how Earth's gravity affects the terrain itself. Using a powerful simulation tool called Chrono, the team showed that sandy surfaces behave very differently on the Moon, where they're fluffier and less supportive.

      

      
        Scientists just invented a safer non-stick coating--and it's inspired by arrows
        Scientists at the University of Toronto have developed a new non-stick material that rivals the performance of traditional PFAS-based coatings while using only minimal amounts of these controversial "forever chemicals." Through an inventive process called "nanoscale fletching," they modified silicone-based polymers to repel both water and oil effectively. This breakthrough could pave the way for safer cookware, fabrics, and other products without the environmental and health risks linked to long-...

      

      
        Is the air you breathe silently fueling dementia? A 29-million-person study says yes
        Air pollution isn't just bad for your lungs--it may be eroding your brain. In a sweeping review covering nearly 30 million people, researchers found that common pollutants like PM2.5, nitrogen dioxide, and soot are all linked to a significantly higher risk of dementia. The most dangerous? PM2.5--tiny particles from traffic and industry that can lodge deep in your lungs and reach your brain.

      

      
        7000 steps a day cuts death risk by 47%--and that might be all you need
        Walking 7000 steps a day may be just as powerful as hitting the much-hyped 10,000-step goal when it comes to reducing the risk of early death and disease. A sweeping global review of 57 studies shows that 7000 steps per day slashes the risk of dying early by nearly half--and brings major benefits across heart health, dementia, depression, and more. The bonus? Even walking from 2000 to 4000 steps per day brings measurable improvements. For millions of people, this study redefines what it means to "...

      

      
        This plastic disappears in the deep sea--and microbes make it happen
        A new eco-friendly plastic called LAHB has shown it can biodegrade even in the extreme environment of the deep ocean, unlike conventional plastics that persist for decades. In real-world underwater testing nearly a kilometer below the surface, LAHB lost more than 80% of its mass after 13 months, while traditional PLA plastic remained completely intact. The secret? Colonies of deep-sea microbes actively broke down the material using specialized enzymes, converting it into harmless byproducts like ...

      

      
        The oceans are overheating--and scientists say a climate tipping point may be here
        In 2023, the world's oceans experienced the most intense and widespread marine heatwaves ever recorded, with some events persisting for over 500 days and covering nearly the entire globe. These searing ocean temperatures are causing mass coral bleaching and threatening fisheries, while also signaling deeper, system-wide climate changes.

      

      
        AI turns immune cells into precision cancer killers--in just weeks
        A breakthrough AI system is revolutionizing cancer immunotherapy by enabling scientists to design protein-based keys that train a patient s immune cells to attack cancer with extreme precision. This method, capable of reducing development time from years to weeks, was successfully tested on known and patient-specific tumor targets. Using virtual safety screenings to avoid harmful side effects, the platform represents a leap forward in personalized medicine.

      

      
        Scientists modeled nuclear winter--the global food collapse was worse than expected
        What would happen if a nuclear war triggered a climate-altering catastrophe? Researchers have modeled how such a scenario could devastate global corn crops cutting production by as much as 87% due to blocked sunlight and increased UV-B radiation. Using advanced climate-agriculture simulations, they propose a survival strategy: emergency resilience kits containing fast-growing, cold-tolerant seeds that could keep food systems afloat not just after nuclear war, but also after volcanic eruptions or ...

      

      
        Ivermectin: The mosquito-killing pill that dropped malaria by 26%
        A groundbreaking study has revealed that the mass administration of ivermectin--a drug once known for treating river blindness and scabies--can significantly reduce malaria transmission when used in conjunction with bed nets.

      

      
        You've never seen atoms like this before: A hidden motion revealed
        A pioneering team at the University of Maryland has captured the first-ever images of atomic thermal vibrations, unlocking an unseen world of motion within two-dimensional materials. Their innovative electron ptychography technique revealed elusive "moire phasons," a long-theorized phenomenon that governs heat, electronic behavior, and structural order at the atomic level. This discovery not only confirms decades-old theories but also provides a new lens for building the future of quantum computi...

      

      
        Harvard's ultra-thin chip could revolutionize quantum computing
        Researchers at Harvard have created a groundbreaking metasurface that can replace bulky and complex optical components used in quantum computing with a single, ultra-thin, nanostructured layer. This innovation could make quantum networks far more scalable, stable, and compact. By harnessing the power of graph theory, the team simplified the design of these quantum metasurfaces, enabling them to generate entangled photons and perform sophisticated quantum operations -- all on a chip thinner than a ...

      

      
        Google's deepfake hunter sees what you can't--even in videos without faces
        AI-generated videos are becoming dangerously convincing and UC Riverside researchers have teamed up with Google to fight back. Their new system, UNITE, can detect deepfakes even when faces aren't visible, going beyond traditional methods by scanning backgrounds, motion, and subtle cues. As fake content becomes easier to generate and harder to detect, this universal tool might become essential for newsrooms and social media platforms trying to safeguard the truth.

      

      
        Millipedes make ants dizzy -- and might soon treat human pain
        Millipedes, often dismissed as creepy crawlies, may hold the secret to future painkillers and neurological drugs. Researchers at Virginia Tech discovered unique alkaloid compounds in the defensive secretions of a native millipede species. These complex molecules, which cause disorientation in ants, interact with human neuroreceptors linked to pain and cognition. By decoding these natural chemical defenses, scientists could open a new path toward innovative drug therapies, though challenges remain...
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Reversing Alzheimer's damage: Two cancer drugs demonstrate surprising power | ScienceDaily
Scientists at UC San Francisco and Gladstone Institutes have identified cancer drugs that promise to reverse the changes that occur in the brain during Alzheimer's, potentially slowing or even reversing its symptoms.


						
The study first analyzed how Alzheimer's disease altered gene expression in single cells in the human brain. Then, researchers looked for existing drugs that were already approved by the Food and Drug Administration (FDA) and cause the opposite changes to gene expression.

They were looking specifically for drugs that would reverse the gene expression changes in neurons and in other types of brain cells called glia, all of which are damaged or altered in Alzheimer's disease.

Next, the researchers analyzed millions of electronic medical records to show that patients who took some of these drugs as part of their treatment for other conditions were less likely to get Alzheimer's disease.

When they tested a combination of the two top drugs -- both of which are cancer medications -- in a mouse model of Alzheimer's, it reduced brain degeneration in the mice, and even restored their ability to remember.

"Alzheimer's disease comes with complex changes to the brain, which has made it tough to study and treat, but our computational tools opened up the possibility of tackling the complexity directly," said Marina Sirota, PhD, the interim director of the UCSF Bakar Computational Health Sciences Institute, professor of pediatrics, and co-senior author of the paper. "We're excited that our computational approach led us to a potential combination therapy for Alzheimer's based on existing FDA-approved medications."

The findings appeared in Cell on July 21. The research was funded in part by the National Institutes of Health and the National Science Foundation.




Big data from patients and cells points to a new Alzheimer's therapy 

Alzheimer's disease affects 7 million people in the U.S. and causes a relentless decline in cognition, learning, and memory. Yet decades of research have only produced two FDA-approved drugs, neither of which can meaningfully slow this decline.

"Alzheimer's is likely the result of numerous alterations in many genes and proteins that, together, disrupt brain health," said Yadong Huang, MD, PhD, senior investigator and director of the Center for Translational Advancement at Gladstone, professor of neurology and pathology at UCSF, and co-senior author of the paper. "This makes it very challenging for drug development -- which traditionally produces one drug for a single gene or protein that drives disease."

The team took publicly available data from three studies of the Alzheimer's brain that measured single-cell gene expression in brain cells from deceased donors with or without Alzheimer's disease. They used this data to produce gene expression signatures for Alzheimer's disease in neurons and glia.

The researchers compared these signatures with those found in the Connectivity Map, a database of results from testing the effects of thousands of drugs on gene expression in human cells.

Out of 1,300 drugs, 86 reversed the Alzheimer's disease gene expression signature in one cell type, and 25 reversed the signature in several cell types in the brain. But just 10 had already been approved by the FDA for use in humans.




Poring through records housed in the UC Health Data Warehouse, which includes anonymized health information on 1.4 million people over the age of 65, the group found that several of these drugs seemed to have reduced the risk of developing Alzheimer's disease over time.

"Thanks to all these existing data sources, we went from 1,300 drugs, to 86, to 10, to just 5," said Yaqiao Li, PhD, a former UCSF graduate student in Sirota's lab who is now a postdoctoral scholar in Huang's lab at Gladstone and the lead author of the paper. "In particular, the rich data collected by all the UC health centers pointed us straight to the most promising drugs. It's kind of like a mock clinical trial."

A combination therapy poised for primetime 

Li, Huang, and Sirota chose 2 cancer drugs out of the top 5 drug candidates for laboratory testing. They predicted one drug, letrozole, would remedy Alzheimer's in neurons; and another, irinotecan, would help glia. Letrozole is usually used to treat breast cancer; irinotecan is usually used to treat colon and lung cancer.

The team used a mouse model of aggressive Alzheimer's disease with multiple disease-related mutations. As the mice aged, symptoms resembling Alzheimer's emerged, and they were treated with one or both drugs.

The combination of the two cancer drugs reversed multiple aspects of Alzheimer's in the animal model. It undid the gene expression signatures in neurons and glia that had emerged as the disease progressed. It reduced both the formation of toxic clumps of proteins and brain degeneration. And, importantly, it restored memory.

"It's so exciting to see the validation of the computational data in a widely used Alzheimer's mouse model," Huang said. He expects the research to advance soon to a clinical trial so the team can directly test the combination therapy in Alzheimer's patients.

"If completely independent data sources, such as single-cell expression data and clinical records, guide us to the same pathways and the same drugs, and then resolve Alzheimer's in a genetic model, then maybe we're onto something," Sirota said. "We're hopeful this can be swiftly translated into a real solution for millions of patients with Alzheimer's."

Authors: Other UCSF authors are Carlota Pereda Serras, MS, Jessica Blumenfeld, Xinyu Tang, PhD, Antara Rao, PhD, Sarah Woldemariam, PhD, Alice Tang, PhD, Tomiko Oskotsky, MD, and Michael J Keiser, PhD. Other Gladstone Institutes authors are Min Xie, PhD, Yanxia Hao, Elise Deng, You Young Chun, Julia Holtzman, Alice An, Seo Yeon Yoon, MBA, Alex Zhang, Jeffrey Simms, MA, and Iris Lo.

Funding: This study was supported by the National Institute on Aging (R01AG060393, R01AG057683, RF1AG076647, R01AG078164, and P01AG073082), the National Science Foundation (2034836), and the Dolby Family Fund.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250730030402.htm
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Fat melts away-but so does muscle: What Ozempic users need to know | ScienceDaily
Popular GLP-1 drugs help many people drop tremendous amounts of weight, but the drugs fail to provide a key improvement in heart and lung function essential for long-term good health, University of Virginia experts warn in a new paper.


						
The researchers emphasize that weight loss associated with GLP-1 drugs has many clear health benefits for people with obesity, type 2 diabetes and heart failure, including improving blood-sugar control, short-term cardiorenal benefits and improvements in survival outcomes. But doctors may need to consider recommending exercise programs or develop other approaches, such as nutrition supplements or complementary medications, to help GLP-1 patients get the full cardiorespiratory benefits of substantial weight loss over the long-run, the researchers say.

"Some patients literally told me that they felt that they were losing muscle or muscle was slipping away from them while they were on these medications," said researcher Zhenqi Liu, MD, Professor of Medicine and James M. Moss Professor of Diabetes at the University of Virginia School of Medicine and former chief of UVA Health's Division of Endocrinology and Metabolism. "This is a serious concern. Muscle, especially axial muscle, is essential for posture, physical function and overall well-being. Losing lean body mass can increase the risk of cardiovascular disease, all-cause mortality and diminished quality of life. We need to make sure that patients prescribed these medications aren't already at risk for malnutrition or low muscle mass."

About GLP-1 Drugs

While GLP-1 drugs help people lose fat, this comes with loss of fat-free mass, of which muscle makes up 40% to 50%. In fact, fat-free mass lost accounts for 25-40% of the total pounds lost, while age-related declines in fat-free mass are only 8% per decade.

Liu and his collaborators, graduate student Nathan R. Weeldreyer and Siddhartha S. Angadi, PhD, Associate Professor of Kinesiology at UVA's School of Education and Human Development, wanted to better understand the potential long-term consequences of this muscle loss, so they reviewed available data on the drugs' effects on cardiorespiratory fitness, or CRF.

CRF (or VO2max) is a measure of how well the body can use oxygen during exercise. It is a handy way for doctors to assess how well the heart, lungs, muscle and blood vessels work together, and it is used to predict all-cause and cardiovascular mortality (risk of death).




Patients with obesity often have low CRF. In some cases, this is because the person lacks muscle mass; in others, a person may have enough muscle, but the quality of that muscle is compromised by fat that has penetrated it.

"Cardiorespiratory fitness is a potent predictor of all-cause and cardiovascular mortality risk across a range of populations, including obesity, diabetes and heart failure," said Angadi, a cardiovascular exercise physiologist with UVA's Department of Kinesiology. "In a recent study by our group that examined mortality outcomes from almost 400,000 individuals across the world, we found that CRF was far superior to overweight or obesity status for predicting the risk of death. In fact, once CRF was factored in, body weight failed to predict the risk of mortality. This is why it's so important to understand the effects of this new class of drugs on it."

In their review of the available medical literature, the researchers found that GLP-1 drugs improve certain measures of heart function, yet those improvements don't translate into significant improvements in VO2max.

Some small studies, they note, have suggested that exercise can help improve VO2max for patients taking GLP-1 drugs, but these had poor controls and larger, well-designed studies are needed to bear that out.

Ensuring Healthy Weight Loss

The researchers ultimately conclude that GLP-1 drugs "significantly reduce body weight and adiposity, along with a substantial FFM [fat-free mass] loss, but with no clear evidence of CRF enhancement." They remain concerned that this could take a toll on patients' metabolic health, healthspan/frailty and overall longevity. They are urging additional research to better understand the effects of the drugs and ensure patients get the best possible outcomes.




They note, however, that there are promising signs that we may be able to develop medications to help, such as a monoclonal antibody already in the pipeline that may be able to offset lean-muscle loss.

"This is an area of active research, and we are hopeful that better solutions are coming soon," Liu said. "But for now it is important that patients prescribed GLP-1 drugs have conversations with their healthcare providers about strategies to preserve muscle mass. The American Diabetes Association recommends screening for malnutrition and low muscle mass risk before starting these medications and promoting adequate protein intake and regular exercise throughout treatment."

"Finally," Angadi added, "exercise training during GLP1 therapy remains to be assessed in its ability to preserve or improve VO2max during GLP1 therapy."

Findings Published

The researchers have published their findings in JCEM, the Journal of Clinical Endocrinology & Metabolism. The work was supported by the National Institutes of Health, grants R01DK124344 and R01DK125330.
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Pain relief without pills? VR nature scenes trigger the brain's healing switch | ScienceDaily
Immersing in virtual reality (VR) nature scenes helped relieve symptoms that are often seen in people living with long-term pain, with those who felt more present experiencing the strongest effects.


						
A new study led by the University of Exeter, published in the journal Pain, tested the impact of immersive 360-degree nature films delivered using VR compared with 2D video images in reducing experience of pain, finding VR almost twice as effective.

Long-term (chronic) pain typically lasts more than three months and is particularly difficult to treat. The researchers simulated this type of pain in healthy participants, finding that nature VR had an effect similar to that of painkillers, which endured for at least five minutes after the VR experience had ended.

Dr Sam Hughes, Senior Lecturer in Pain Neuroscience at the University of Exeter, led the study. He said: "We've seen a growing body of evidence show that exposure to nature can help reduce short term, everyday pain, but there has been less research into how this might work for people living with chronic or longer-term pain. Also, not everyone is able to get out for walks in nature, particularly those living with long term health conditions like chronic pain. Our study is the first to look at the effect of prolonged exposure to a virtual reality nature scene on symptoms seen during long term pain sensitivity. Our results suggest that immersive nature experiences can reduce the development of this pain sensitivity through an enhanced sense of presence and through harnessing the brains in-built pain suppression systems''

The study, which was funded by the Academy of Medical Sciences, involved 29 healthy participants who were shown two types of nature scene after having pain delivered on the forearm using electric shocks. On the first visit, they measured the changes in pain that occur over a 50-minute period following the electric shocks and showed how the healthy participants developed sensitivity to sharp pricking stimuli in the absence of any nature scenes. The results showed that the participants developed a type of sensitivity that closely resembles that seen in people living with nerve pain -- which occurs due to changes in how pain signals are processed in the brain and spinal cord.

On the second visit, they immersed the same participants in a 45-minute virtual reality 360-degree experience of the waterfalls of Oregon to see how this could change how the development of pain sensitivity. The scene was specially chosen to maximize therapeutic effects.

In the second visit, they explored the same scene, but on a 2D screen.




They completed questionnaires on their experience of pain after watching the scenes in each case, and also on how present they felt in each experience, and to what extent they felt the nature scenes to be restorative[LV1] .

On a separate visit, participants underwent MRI brain scans at the University of Exeter's Mireille Gillings Neuroimaging Centre. Researchers administered a cold gel to illicit a type of ongoing pain and then scanned participants to study how their brains respond.

The researchers found that the immersive VR experience significantly reduced the development and spread of feelings of pain sensitivity to pricking stimuli, and these pain-reducing effects were still there even at the end of the 45-minute experience.

The more present the person felt during the VR experience, the stronger this pain-relieving effect. The fMRI brain scans also revealed that people with stronger connectivity in brain regions involved in modulating pain responses experienced less pain. The results suggest that nature scenes delivered using VR can help to change how pain signals are transmitted in the brain and spinal cord during long-term pain conditions.

Dr Sonia Medina, of the University of Exeter Medical School and one of the authors on the study, said: "We think VR has a particularly strong effect on reducing experience of pain because it's so immersive. It really created that feeling of being present in nature - and we found the pain - reducing effect was greatest in people for whom that perception was strongest. We hope our study leads to more research to investigate further how exposure to nature effects our pain responses, so we could one day see nature scenes incorporated into ways of reducing pain for people in settings like care homes or hospitals."

The paper is titled 'Immersion in nature through virtual reality attenuates the development and spread of mechanical secondary hyperalgesia: a role for insulo-thalamic effective connectivity' and is published in the journal Pain.
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Max-dose statins save lives-here's why doctors are starting strong | ScienceDaily
There is broad consensus that the overall body of evidence shows lowering LDL (low-density lipoprotein) cholesterol provides both statistically significant and clinically meaningful benefits in treating and preventing cardiovascular disease. Often referred to as the "bad" cholesterol, elevated levels of LDL can clog arteries and significantly increase the risk of heart attacks and strokes.


						
In an invited editorial published in the current issue of Trends in Cardiovascular Medicine, researchers from Florida Atlantic University's Schmidt College of Medicine urge practicing cardiologists to achieve lower LDL cholesterol levels beginning with the highest doses of the most potent statins, namely rosuvastatin and atorvastatin. The authors emphasize that high-potency statins should be the primary pharmacologic in the treatment of cardiovascular disease as adjuncts to therapeutic lifestyle changes.

The researchers emphasize that therapeutic lifestyle changes will be effective in the absence and presence of adjunctive therapies in treating and preventing cardiovascular diseases. Lifestyle changes of proven benefit include avoidance or cessation of cigarette smoking, achieving and maintaining healthy body weight and blood pressure, regular physical activity, and restricting alcohol consumption.

Despite the proven effectiveness of therapeutic lifestyle changes, approximately 40% of adults in the United States have metabolic syndrome, a constellation of risk factors including obesity, hypertension, dyslipidemia, and insulin resistance. These individuals have a cardiovascular risk equivalent to those with prior heart attacks or strokes, yet many are underdiagnosed and undertreated.

The authors also underscore that only about 21% of Americans meet the minimum daily requirement for physical activity, and that meaningful increases in physical activity are possible at any age, including among older adults.

Based on the robust totality of randomized trial data and their meta-analyses, the authors conclude that statins - particularly rosuvastatin and atorvastatin - have the strongest and most consistent body of evidence supporting their prescription in treatment and prevention in both men and women including older adults.

Because most patients tend to stay on their initially prescribed statin dose, the authors recommend that cardiologists consider starting therapy with the highest dose of these agents and titrating down if necessary. They also highlight that the benefits of statins and aspirin are at least additive and potentially synergistic. Most secondary prevention patients should be prescribed aspirin. In primary prevention, however, individual clinical judgments are necessary, and aspirin should be considered after statins - and if the residual risk of occlusion exceeds that of major bleeding, predominantly gastrointestinal.




"Practicing cardiologists may wish to consider that all adjunctive drug therapies to therapeutic lifestyle changes should be added only after achieving maximal doses of statins. Further, statins have the largest and most persuasive body of evidence of any pharmacological adjunctive therapy in treatment and prevention of cardiovascular disease," said Charles H. Hennekens, M.D, FACC, senior and corresponding author and the first Sir Richard Doll Professor of Medicine and Preventive Medicine, and interim chair, Department of Population Health, Schmidt College of Medicine.

The researchers offer cautious views of adjunctive therapies such as ezetimibe and evolocumab, which tend to be used more widely than optimal. For example, in the IMPROVE-IT trial, the addition of ezetimibe to simvastatin showed only a minor benefit, while the FOURIER trial demonstrated evolocumab's efficacy in secondary prevention only in patients with familial hypercholesterolemia already on maximal statin doses. While FOURIER was a completed trial of secondary prevention, ILLUMINATE is an ongoing trial in high-risk primary prevention patients with familial hypercholesterolemia.

"These findings suggest that such therapies may be more appropriately reserved for select high-risk patients who have not achieved LDL goals with statins alone," said Hennekens.

The authors also discuss the role of omega-3 fatty acids, noting that earlier trials were positive but later tended to show no net benefit. The authors opine that this may have been due to widespread statin use. They note that in REDUCE-IT, a large-scale randomized trial, icosapent ethyl was the only omega-3 fatty acid to demonstrate significant added benefits when added to evidence-based doses of high potency statins. Patients assigned at random to icosapent ethyl, a purified form of eicosapentanoic acid, experienced a significant 25% reduction in major cardiovascular events, with a number needed to treat of just 21.

Hennekens also reflected on the enduring relevance of Benjamin Franklin's 1736 observation that "an ounce of prevention is worth a pound of cure."

First author of the editorial is John Dunn, a third-year medical student in the Schmidt College of Medicine.
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Why cold feels good: Scientists uncover the chill pathway | ScienceDaily
Researchers at the University of Michigan have illuminated a complete sensory pathway showing how the skin communicates the temperature of its surroundings to the brain.


						
This discovery, believed to be the first of its kind, reveals that cool temperatures get their own pathway, indicating that evolution has created different circuits for hot and cold temperatures. This creates an elegant solution for ensuring precise thermal perception and appropriate behavioral responses to environmental changes, said Bo Duan, senior author of the new study.

"The skin is the body's largest organ. It helps us detect our environment and separate, distinguish different stimuli," said Duan, a U-M associate professor of molecular, cellular, and developmental biology. "There are still many interesting questions about how it does this, but we now have one pathway for how it senses cool temperatures. This is the first neural circuit for temperature sensation in which the full pathway from the skin to the brain has been clearly identified."

This work deepens our understanding of fundamental biology and brings us closer to an explanation for how we evolved to inhabit safe temperatures and avoid dangerous extremes, Duan said. But it also has medical implications that can be explored to help improve the quality of life for people in the future.

For example, more than 70% of people who have undergone chemotherapy experience pain caused by cool temperatures, Duan said. The new study found that the neural circuit responsible for sensing innocuous cool does not mediate this type of cold pain. But, in understanding how the cool-sensing circuitry works when it's functioning properly under normal conditions, researchers now have a better chance of discovering what goes wrong in disease or injury. It could also help develop targeted therapies that restore healthy sensation without impairing normal temperature perception.

This research was funded by the National Institutes of Health and performed in collaboration with Shawn Xu and his research team in the U-M Life Sciences Institute.

A cool amplifier discovery

In their study, published in the journal Nature Communications, Duan and his team used sophisticated imaging techniques and electrophysiology to observe how mice transmitted the sensation of cool temperatures from their skin to the brain.




It's an approach the team has applied to other sensations in the past. Headed by postdoctoral research fellow Hankyu Lee and doctoral students Chia Chun Hor and Lorraine Horwitz, the team turned its focus to temperature in this work.

"These tools have allowed us to identify the neural pathways for chemical itch and mechanical itch previously," Duan said. "Working together, the team identified this very interesting, very dedicated pathway for cool sensation."

The cool signal starts at the skin, which is home to molecule sensors that can detect a specific range of temperatures between about 15 and 25 degrees Celsius -- equivalent to 59 and 77 degrees Fahrenheit. When those sensors engage, they excite primary sensory neurons, which send the cool signal to the spinal cord. Here, the team found that the signal is amplified by specialized interneurons, which then activate projection neurons that connect to the brain.

Researchers had previously known about the skin's molecular thermometers -- they, in part, earned researchers in California the 2021 Nobel Prize in Physiology or Medicine -- but the spinal cord's amplifier was an unknown key ingredient. With the amplifier disabled, the cool signal becomes lost in the noise, the team found.

Although the study was performed in mice, each component of the circuit has been shown to be in humans through genetic sequencing, Duan said. So it's likely that we have the same pathway to thank for the refreshing sensation of stepping into an air-conditioned room on a hot summer day.

Moving forward, the team is looking to identify the pathway or pathways involved in acute cold pain.




"I think the painful sensations are going to be more complicated," Duan said. "When we're in riskier situations, there could be multiple pathways involved."

His team is also interested in how the brain processes these various skin signals and how we've evolved not only to differentiate between them, but also connect emotions with them to help protect ourselves. In fact, it's the curiosity around those sorts of questions that originally motivated Duan's work, which he is perpetually reminded of working in Michigan.

"In summer, I love walking along Lake Michigan and having a gentle breeze hit my face. I feel very cool, very comfortable," Duan said. "But the winter is really terrible for me."
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The 0.05% RNA Process That Makes Cancer Self-Destruct | ScienceDaily
Australian researchers have discovered a promising new strategy to suppress the growth of aggressive and hard-to-treat cancers by targeting a specialized molecular process known as 'minor splicing'.


						
Published in EMBO Reports, the study shows that blocking minor splicing can markedly slow tumor growth in liver, lung and stomach cancers, while leaving healthy cells largely unharmed.

The research in animal models and human cells, from Australian medical research institute WEHI, demonstrates the potential of this strategy to target cancers driven by mutations in common cancer-causing genes.

At a glance 
    	New research shows that targeting minor splicing significantly reduces tumor growth in liver, lung and gastric cancers.
    	The strategy is particularly effective for cancers driven by KRAS mutations, which are among the most common genetic changes found in cancer.
    	The study demonstrates the therapeutic potential of minor splicing inhibition across diverse cancer models.

Why minor splicing matters 

Splicing is how cells turn long strands of RNA into shorter pieces called messenger RNA, which provide the template for the production of proteins.

While major splicing carries out 99.5% of this work, minor splicing is an indispensable process for the remaining 0.05% of genes, affecting about 700 of the 20,000 genes in the human genome.




The new research reveals that blocking minor splicing causes the accumulation of DNA damage in cancer cells and activates a key tumor suppressor pathway that leads to cell death. Remarkably, healthy cells are largely unaffected.

Although it affects only a small sub-set of genes, minor splicing is crucial for the correct expression of genes that drive cell growth and division - making it a potential Achilles' heel for cancer cells.

Importantly, many of these genes are commonly hijacked by cancers driven by KRAS mutations, which are among the most frequent genetic changes found in solid tumors.

WEHI laboratory head Professor Joan Heath said scientists have long known that KRAS is central to many aggressive cancers but have struggled to turn that knowledge into broadly effective treatments.

"KRAS mutations come in a variety of flavors, making them extremely hard to treat, so even with decades of scientific effort there has been only limited progress so far," Prof Heath said.

"But our approach is different. Instead of trying to target specific mutations that may only apply to a subset of patients, we're disrupting a fundamental process that these fast-growing cancers rely on.




"This research offers a new way to tackle a problem that's long resisted conventional approaches, with the potential to help a much wider group of patients."

Striking result reveals path towards new treatments 

Using zebrafish and mouse models, as well as human lung cancer cells, the WEHI-led research is the first to demonstrate the impact of inhibiting minor splicing in in vivo models of solid tumours.

The study found reducing the activity of a protein encoded by the RNPC3 gene - an essential component of the minor splicing machinery - significantly slows tumor growth in liver, lung and stomach cancers.

"Just by halving the amount of this protein, we were able to significantly reduce tumor burden," said Dr Karen Doggett, first author of the study.

"That's a striking result, especially given how resilient these cancers usually are."

The study also revealed that disrupting minor splicing triggers the p53 tumor suppressor pathway, a critical defense mechanism in the body's fight against cancer.

Dubbed the 'guardian of the genome', the p53 protein responds to DNA damage by stalling cell division, initiating DNA repair or triggering cell death. This well-known pathway is frequently mutated or disabled in many cancers, allowing these cells to grow unchecked.

"Blocking minor splicing leads to DNA damage and activates this critical defensive response, which means cancers with a functional p53 pathway are likely to be especially vulnerable to this strategy," Dr Doggett said.

"This opens the door to treatments that could be both more effective and less toxic, offering hope for patients with aggressive cancers that currently have limited options."

Drug discovery collaboration 

To search for compounds that might inhibit minor splicing, the research team turned to the National Drug Discovery Centre headquartered at WEHI, with a screen of over 270,000 drug-like molecules identifying several promising hits.

"We've validated minor splicing as a compelling therapeutic target - now the challenge is to develop a drug compound that can safely and effectively inhibit it," Prof Heath said.

The research draws on WEHI's deep expertise in gene discovery and cancer biology, showcasing the power of collaboration across multiple labs and technologies.

"One of the strengths of this study is the breadth of models and tumor types we used," Prof Heath said.

"We didn't just test one kind of cancer or use one analysis method. This diversity in our approach gives us confidence that our strategy could be relevant across many forms of cancer, and not just in a narrow set of conditions."

The research was supported by the National Health and Medical Research Council of Australia (NHMRC), Ludwig Institute for Cancer Research and the National Institute of Neurological Disorders and Stroke.

The study, "Inhibition of the minor spliceosome restricts the growth of a broad spectrum of cancers," is published in EMBO Reports.
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How AI is supercharging plant immunity to fight deadly bacteria | ScienceDaily
Scientists at the University of California, Davis, used artificial intelligence to help plants recognize a wider range of bacterial threats -- which may lead to new ways to protect crops like tomatoes and potatoes from devastating diseases. The study was published in Nature Plants.


						
Plants, like animals, have immune systems. Part of their defense toolkit includes immune receptors, which give them the ability to detect bacteria and defend against it. One of those receptors, called FLS2, helps plants recognize flagellin -- a protein in the tiny tails bacteria use to swim. But bacteria are sneaky and constantly evolving to avoid detection.

"Bacteria are in an arms race with their plant hosts, and they can change the underlying amino acids in flagellin to evade detection," said lead author Gitta Coaker, professor in the Department of Plant Pathology.

To help plants keep up, Coaker's team turned to using natural variation coupled with artificial intelligence -- specifically AlphaFold, a tool developed to predict the 3D shape of proteins and reengineered FLS2, essentially upgrading its immune system to catch more intruders.

The team focused on receptors already known to recognize more bacteria, even if they weren't found in useful crop species. By comparing them with more narrowly focused receptors, the researchers were able to identify which amino acids to change.

"We were able to resurrect a defeated receptor, one where the pathogen has won, and enable the plant to have a chance to resist infection in a much more targeted and precise way," Coaker said.

Why it matters

Coaker said this opens the door to developing broad-spectrum disease resistance in crops using predictive design.




One of the researchers' targets is a major crop threat: Ralstonia solanacearum, the cause of bacterial wilt. Some strains of the soil-borne pathogen can infect more than 200 plant species, including staple crops like tomato and potato.

Looking ahead, the team is developing machine learning tools to predict which immune receptors are worth editing in the future. They're also trying to narrow down the number of amino acids that need to be changed.

This approach could be used to boost the perception capability of other immune receptors using a similar strategy.

Other authors of the study include Tianrun Li, Esteban Jarquin Bolanos, Danielle M. Stevens and Hanxu Sha of UC Davis and Daniil M. Prigozhin of Lawrence Berkeley National Laboratory.

The research was supported by the National Institutes of Health and the United States Department of Agriculture's National Institute for Food and Agriculture.
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The pandemic's secret aftershock: Inside the gut-brain breakdown | ScienceDaily
A new international study confirmed a significant post-pandemic rise in disorders of gut-brain interaction, including irritable bowel syndrome (IBS) and functional dyspepsia, according to the paper published in Clinical Gastroenterology and Hepatology. 


						
Building on prior research, investigators used Rome Foundation diagnostic tools to analyze nationally representative samples from both 2017 and 2023 -- offering the first direct, population-level comparison of disorders of gut-brain interaction prevalence before and after the COVID-19 pandemic.

Key findings:
    	Overall disorders of gut-brain interaction rose from 38.3% to 42.6%.
    	IBS jumped 28%, from 4.7% to 6%.
    	Functional dyspepsia rose by nearly 44%, from 8.3% to 11.9%.
    	Individuals with long COVID were significantly more likely to have a disorder of gut-brain interaction and reported worse anxiety, depression, and quality of life.

This is the first population-level study to directly compare rates of disorders affecting gut-brain interaction before and after the pandemic, using a consistent methodology. It adds weight to growing calls for updated care models and more research into the gut-brain axis in the post-COVID era.

Irritable bowel syndrome

Irritable bowel syndrome (IBS) is a chronic gastrointestinal disorder that affects the large intestine, characterized by a group of symptoms that commonly include abdominal pain, bloating, and changes in bowel habits such as diarrhea, constipation, or both. Although it does not cause permanent damage to the intestines or lead to more serious conditions, IBS can significantly impact quality of life. The exact cause is not fully understood, but contributing factors may include gut-brain axis dysregulation, altered gut motility, intestinal inflammation, changes in gut microbiota, and heightened sensitivity to certain foods or stress. Diagnosis is typically based on clinical criteria (such as the Rome IV criteria), and treatment often involves dietary modifications, stress management, and symptom-targeted medications.

Functional dyspepsia

Functional dyspepsia is a common chronic disorder that affects the upper digestive tract, causing symptoms such as persistent or recurring pain or discomfort in the upper abdomen, early satiety (feeling full quickly), bloating, and nausea, without an identifiable structural or biochemical cause on standard diagnostic tests. It is considered a disorder of gut-brain interaction, where altered gastrointestinal motility, visceral hypersensitivity, psychosocial factors, and possibly low-grade inflammation contribute to symptom generation. Functional dyspepsia is diagnosed based on clinical criteria, such as the Rome IV guidelines, after ruling out other conditions like peptic ulcers or gastroesophageal reflux disease (GERD). Management typically includes dietary and lifestyle modifications, psychological therapies, and medications such as proton pump inhibitors, prokinetics, or antidepressants, depending on symptom profile and severity.
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This brain circuit may explain fluctuating sensations-and autism | ScienceDaily
The cerebral cortex processes sensory information via a complex network of neural connections. How are these signals modulated to refine perception? A team from the University of Geneva (UNIGE) has identified a mechanism by which certain thalamic projections target neurons and modify their excitability. This work, published in Nature Communications, reveals a previously unknown form of communication between two regions of the brain, the thalamus and the somatosensory cortex. It could explain why the same sensory stimulus does not always elicit the same sensation and open up new avenues for understanding certain mental disorders.


						
The same sensory stimulus can be perceived clearly at times, and remain vague at others. This phenomenon can be explained by the way the brain integrates stimuli. For example, touching an object outside our field of vision may be enough to identify it...or not. These perceptual variations remain poorly understood, but may depend on factors such as attention or the disruptive presence of other stimuli. What is certain, according to neuroscientists, is that when we touch something, sensory signals from receptors in the skin are interpreted by a specialised region called the somatosensory cortex.

On their way to it, the signals pass through a complex network of neurons, including a crucial structure in the brain called the thalamus, which serves as a relay station. However, the process is not one-way. A significant portion of the thalamus also receives feedback from the cortex, forming a loop of reciprocal communication. But the exact role and functioning of this feedback loop are still unclear. Could it play an active role in how we perceive sensory information?

A new modulatory pathway

To explore this question, neuroscientists at UNIGE studied a region at the top of pyramidal neurons of the somatosensory cortex, rich in dendrites - extensions that receive electrical signals from other neurons. ''Pyramidal neurons have rather strange shapes. They are asymmetrical, both in shape and function. What happens at the top of the neuron is different from what happens at the bottom,'' explains Anthony Holtmaat, full professor at the Department of Basic Neurosciences (NEUFO) and the Synapsy Centre for Neuroscience Research for Mental Health at UNIGE's Faculty of Medicine, and director of the study.

His team focused on a pathway in which the top of pyramidal neurons in mice receives projections from a specific part of the thalamus. By stimulating the animal's whiskers - the equivalent of touch in humans - a precise dialogue between these projections and the dendrites of pyramidal neurons was revealed. ''What is remarkable, unlike the regular thalamic projections known to activate pyramidal neurons, is that the part of the thalamus providing feedback modulates their activity, in particular by making them more sensitive to stimuli,'' says Ronan Chereau, senior researcher at NEUFO and co-author of the study.

An unexpected receptor

Using cutting-edge techniques - imaging, optogenetics, pharmacology and, above all, electrophysiology - the research team was able to record the electrical activity of tiny structures such as dendrites. These approaches helped clarify how this modulation works at the synaptic level. Normally, the neurotransmitter glutamate acts as an activation signal. It helps neurons transmit sensory information by triggering an electrical response in the next neuron.




In this newly discovered mechanism, glutamate released from thalamic projections binds to an alternative receptor located in a specific region of the cortical pyramidal neuron. Rather than directly exciting the neuron, this interaction alters its state of responsiveness, effectively priming it for future sensory input. The neuron then becomes more easily activated, as if it were being conditioned to better respond to a future sensory stimulus.

''This is a previously unknown pathway for modulation. Usually, the modulation of pyramidal neurons is ensured by the balance between excitatory and inhibitory neurons, not by this type of mechanism,'' explains Ronan Chereau.

Implications for perception and disorders

By demonstrating that a specific feedback loop between the somatosensory cortex and the thalamus can modulate the excitability of cortical neurons, the study suggests that thalamic pathways do not simply transmit sensory signals, but also act as selective amplifiers of cortical activity. ''In other words, our perception of touch is not only shaped by incoming sensory data, but also by dynamic interactions within the thalamocortical network,'' adds Anthony Holtmaat. This mechanism could also contribute to understanding the perceptual flexibility observed in states of sleep or wakefulness, when sensory thresholds vary. Its alteration could also play a role in certain pathologies, such as autism spectrum disorders.
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This tiny lung-on-a-chip could predict-and fight-the next pandemic | ScienceDaily
Respiratory infections such as COVID-19 have been responsible for numerous pandemics and have placed a substantial burden on healthcare systems. Such viruses can cause significant damage to our lungs, especially to the proximal region, or airway, and distal region, also known as the alveoli.


						
The responses of different lung regions to such infections are varying and complex, so accurately replicating them using traditional models, such as animals and simple in vitro systems, poses a challenge.

To solve this problem, a team of researchers at Kyoto University has developed a micro physiological system, or MPS, capable of emulating different regions of human lungs. Specifically, their device can simulate the airway and alveoli to investigate viral pathologies. Coupled with isogenic iPSCs, the team is preparing for more personalized and accurate treatment of respiratory diseases.

"Our iPSC-derived lung chips enable us to model the distinct responses of proximal and distal lung regions, derived from an isogenic source to respiratory virus infections," states the lead author Sachin Yadav, a PhD student at Kyoto University.

The team's research provides a more accurate platform for studying tissue- and virus-specific disease mechanisms, as well as for evaluating drug effectiveness. Moreover, their approach holds significant promise for addressing future pandemics.

"The insights gained can be used to develop models of other human organs and multi-organ systems, facilitating the study of organ interactions," notes team leader Ryuji Yokokawa.

"The ability to accurately replicate the variations in host responses to different viruses and lung regions can significantly enhance our understanding of emerging viruses and facilitate early drug screening," says senior researcher Takeshi Noda.

"Integrating iPSCs into our MPS offers unparalleled advantages, with the cells providing benefits such as personalized medicine and isogenic models," adds Shimpei Gotoh, another senior team member.

This chip system has potential applications beyond viral infections, and could be used to enhance personalized medicine by enabling the use of patient-specific iPSCs to study other conditions as well.
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Drones reveal 41,000-turtle nesting mega-site hidden in the Amazon | ScienceDaily
A University of Florida research team has developed a more accurate way to count wildlife using drones -- an innovation that helped confirm the world's largest known nesting site for a threatened turtle species.


						
By combining aerial imagery with statistical modeling, the researchers documented more than 41,000 Giant South American River Turtles gathered along the Amazon's Guapore River. Their findings, published in the Journal of Applied Ecology, offer a new tool for conservationists seeking to monitor vulnerable animal populations with greater precision.

"We describe a novel way to more efficiently monitor animal populations," said lead study author Ismael Brack, a post-doctoral researcher within the UF Institute of Food and Agricultural Sciences' (UF/IFAS) School of Forest, Fisheries and Geomatics Sciences. "And although the method is used to count turtles, it could also be applied to other species."

The project began with Wildlife Conservation Society (WCS) researchers in Brazil, Colombia and Bolivia. One of the species the New York-based organization monitors is the Giant South American River Turtle, which is threatened by poachers who sell its meat and eggs. The turtles are exceptionally social creatures, and females congregate each year in July or August to nest in the Guapore River sandbanks between Brazil and Bolivia.

Brack met WCS scientists at a conference, and they shared how they use drones to count the turtles, he said. They create orthomosaics, which are highly detailed, high-resolution composite images made by stitching together hundreds of overlapping aerial photographs.

Counting the animals shown in orthomosaics is a quicker, more accurate and less-invasive approach than counting animals from the ground. The method alone, however, doesn't account for the fact that animals sometimes move during observation.

Together, researchers from UF and the WCS developed a method that improves counting accuracy by eliminating multiple sources of error, including double counts (the same individual counted multiple times) and missed individuals.




Researchers used white paint to mark the shells of 1,187 turtles gathering on an island sandbank within the Guapore River, according to the study. Over 12 days, a drone flew overhead on a meticulous, back-and-forth path four times a day and snapped 1,500 photos each time. Using software, scientists stitched the photos together, and researchers reviewed the composite images.

They recorded each turtle, if its shell was marked and whether the animal was nesting or walking when photographed. Equipped with this data, they developed probability models that account for individuals entering and leaving the area, observed turtle behaviors and the likelihood of detecting an identifiable shell mark.

The models revealed several potential sources of error that could arise from traditional orthomosaic-based counts, according to the study. Only 35% of the turtles that used the sandbank, for example, were present during drone flights. And, on average, 20% of the those detected walking appeared multiple times in orthomosaics -- some as many as seven times.

Observers on the ground counted about 16,000 turtles, according to the study. Researchers who reviewed the orthomosaics but didn't account for animal movement or shell markings counted about 79,000 turtles. When they applied their models, however, they estimated about 41,000 turtles.

"These numbers vary greatly, and that's a problem for conservationists," Brack said. "If scientists are unable to establish an accurate count of individuals of a species, how will they know if the population is in decline or whether efforts to protect it are successful?"

The study describes ways to adapt and apply the approach to conservation efforts involving other species surveyed by drone-derived orthomosaics. Past monitoring studies, for example, have involved clipping seals' fur, attaching high-visibility collars to elk and marking mountain goats with paintball pellets to keep track of animal movement during counts.

The research team plans to perfect monitoring methods by conducting additional drone flights at the Guapore River nesting site and in other South American countries where the Giant South American River Turtle gathers, including in Colombia and possibly Peru and Venezuela, Brack said.

"By combining information from multiple surveys, we can detect population trends, and the Wildlife Conservation Society will know where to invest in conservation actions," he said.
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Your sleep schedule could be making you sick, says massive new study | ScienceDaily

Using actigraphy data over an average of 6.8 years, researchers identified that 92 diseases had over 20% of their risk attributable to poor sleep behavior. Notably, irregular bedtime (after 00:30) was linked to a 2.57-fold higher risk of liver cirrhosis, while low interdaily stability increased the risk of gangrene by 2.61 times.

Importantly, the study challenges previous claims that "long sleep" ([?]9 hours) is harmful. While subjective reports have linked long sleep to stroke and heart disease, objective data revealed this association in only one disease. Misclassification may be to blame: 21.67% of "long sleepers" actually slept less than 6 hours, suggesting that time spent in bed is often confused with actual sleep time.

"Our findings underscore the overlooked importance of sleep regularity," said Prof. Shengfeng Wang, senior author of the study. "It's time we broaden our definition of good sleep beyond just duration."

The team confirmed several associations in U.S. populations and identified inflammatory pathways as a possible biological link. Future research will explore causality and assess the impact of sleep interventions on chronic disease outcomes.
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400-million-year-old fish exposes big mistake in how we understood evolution | ScienceDaily
The coelacanth is known as a "living fossil" because its anatomy has changed little in the last 65 million years. Despite being one of the most studied fish in history, it continues to reveal new information that could transform our understanding of vertebrate evolution. This is revealed in a study published in the journal Science Advances by researchers from the University of Sao Paulo (USP) in Brazil and the Smithsonian Institution in the United States.


						
Upon re-examining the cranial musculature of the African coelacanth (Latimeria chalumnae), the authors discovered that only 13% of the previously identified evolutionary muscle novelties for the largest vertebrate lineages were accurate. The study also identified nine new evolutionary transformations related to innovations in feeding and respiration in these groups.

"Ultimately, it's even more similar to cartilaginous fish [sharks, rays, and chimaeras] and tetrapods [birds, mammals, amphibians, and reptiles] than previously thought. And even more distinct from ray-finned fish, which make up about half of living vertebrates," says Alessio Datovo, a professor at the Museum of Zoology (MZ) at USP supported by FAPESP, who led the study.

Among the evolutionary novelties erroneously identified as present in coelacanths are muscles responsible for actively expanding the buccopharyngeal cavity, which extends from the mouth to the pharynx. This set of muscles is directly related to food capture and respiration. However, the study showed that these supposed muscles in coelacanths were actually ligaments, which are structures incapable of contraction.

Ray-finned fish (actinopterygii) and lobe-finned fish (sarcopterygii) diverged from a common ancestor approximately 420 million years ago. The sarcopterygii include fish such as coelacanths and lungfish, as well as all other tetrapods, because they evolved from an aquatic ancestor. These include mammals, birds, reptiles, and amphibians.

In ray-finned fish, such as aquarium carp, it is easy to see how the mouth moves to suck in food. This ability gave actinopterygii a significant evolutionary advantage; today, they comprise about half of all living vertebrates.

This is a fundamental difference from other fish, such as coelacanths and sharks, which primarily feed by biting their prey.




"In previous studies, it was assumed that this set of muscles that would give greater suction capacity was also present in coelacanths and, therefore, would have evolved in the common ancestor of bony vertebrates, which we now show isn't true. This only appeared at least 30 million years later, in the common ancestor of living ray-finned fish," points out Datovo.

Behind the scenes

Coelacanths are extremely rare fish that live about 300 meters below the surface of the water and spend their days in underwater caves.

One reason they have changed so little since the extinction of the dinosaurs is that they have few predators and live in a relatively protected environment. This has resulted in slow changes to their genome, as shown by a 2013 study published in the journal Nature.

Coelacanths were first known only from fossils from about 400 million years ago. It was not until 1938 that a living animal was discovered, much to the astonishment of scientists. In 1999, another species (Latimeria chalumnae) was discovered in Asian waters.

Due to the rarity of specimens in museums, researchers from USP and the Smithsonian Institution's National Museum of Natural History had to persevere to find an institution willing to lend animals for dissection.




The Field Museum in Chicago and the Virginia Institute of Marine Science, both in the United States, finally agreed to lend one specimen each. According to Datovo, G. David Johnson, co-author of the article, deserves credit for obtaining the loan.

Johnson, born in 1945, was "probably the greatest fish anatomist of his time," according to Datovo. He died in November 2024 after a domestic accident while the study was under review.

Contribution

"Contrary to what it may seem, dissecting a specimen does not mean destroying it as long as it's done properly," says Datovo.

The researcher, who has been conducting this type of study for over 20 years, spent six months separating all the muscles and skull bones of the coelacanth. These structures are now preserved and can be studied individually by other scientists, eliminating the need to dissect a new animal.

Seeing each muscle and nerve firsthand allowed the authors to identify what was actually in the coelacanth's head with certainty, point out previously undescribed structures, and correct errors that had been repeated in the scientific literature for over 70 years.

"There were many contradictions in the literature. When we finally got to examine the specimens, we detected more errors than we'd imagined. For example, 11 structures described as muscles were actually ligaments or other types of connective tissue. This has a drastic consequence for the functioning of the mouth and breathing, because muscles perform movement, while ligaments only transmit it," he explains.

Due to the position of coelacanths in the vertebrate tree of life, the discovery impacts our understanding of cranial evolution in all other large vertebrate groups.

With this information, the researcher used three-dimensional microtomography images of the skulls of other groups of fish, both extinct and living. These images are made available by other researchers who study fish anatomy when they perform 3D scans.

From images of the skull bones of other fish from completely extinct lineages, Datovo and Johnson were able to infer where the muscles found in coelacanths would fit, elucidating the evolution of these muscles in the first jawed vertebrates. In future work, Datovo intends to analyze similarities with the muscles of tetrapods, such as amphibians and reptiles.
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Atomic-scale secrets: What really happens inside your battery | ScienceDaily
Electrochemical cells - or batteries, as a well-known example - are complex technologies that combine chemistry, physics, materials science and electronics. More than power sources for everything from smartphones to electric vehicles, they remain a strong motivation for scientific inquiry that seeks to fully understand their structure and evolution at the molecular level.


						
A team led by Yingjie Zhang, a professor of materials science and engineering in The Grainger College of Engineering at the University of Illinois Urbana-Champaign, has completed the first investigation into a widely acknowledged but often overlooked aspect of electrochemical cells: the nonuniformity of the liquid at the solid-liquid interfaces in the cells. As the researchers reported in the Proceedings of the National Academy of Sciences, microscopic imaging revealed that these interfacial structures, called electrical double layers (EDLs), tend to organize into specific configurations in response to chemical deposition on the surface of the solid.

"There's a tendency to think of electrochemical cells just for their technological utility as batteries, but there is still plenty of science to do on them that will inform the technological applications," said Qian Ai, a graduate student in Zhang's research group and the study's lead author. "In our work, we carefully examined EDLs with 3D atomic force microscopy, a technique designed to sense small forces. We observed the molecular structure of inhomogeneous EDLs surrounding surface clusters for the first time."

Electrochemical cells take advantage of mobile charges inside liquid electrolytes to maintain an electrical imbalance that gives rise to a voltage difference between two terminals. The earliest investigations of these systems over 100 years ago revealed the existence of EDLs at the interface between the liquid electrolyte and solid conductor mediating the voltage difference. They consist of electrolytes self-organized into nanometer-thick layers at the interface.

Past work has shown that solid-liquid interfaces in batteries are heterogeneous, exhibiting spatially varying chemical compositions and morphologies, sometimes forming surface clusters. However, these attempts to study and model electrochemical cells focused only on model systems with flat and uniform surfaces. The result is a knowledge gap that impedes our understanding of electrochemical cells and battery technology.

To investigate the heterogeneous interfaces, the team used 3D atomic force microscopy, a technique designed to sense small forces. This method allowed them to correlate the inhomogeneity in EDLs with the surface clusters, structures that nucleate at the initial stages of battery charging. Based on the data, the researchers proposed three primary responses in the EDLs: "bending," in which the layers appear to curve around the cluster; "breaking," in which parts of the layers detach to form new intermediate layers; and "reconnecting," in which the EDL layer above the cluster connects to a nearby layer with an offset in the layer number.

"These three patterns are quite universal," Ai said. "Those structures are mainly due to the finite size of the liquid molecules, not their specific chemistry. We should be able to predict the liquid structure based on the solid's surface morphology for other systems."

Going forward, the researchers look forward to expanding their findings.




"This is groundbreaking," Zhang said. "We have resolved the EDLs in realistic, heterogeneous electrochemical systems, which is a holy grain in electrochemistry. Besides the practical implications in technology, we are starting to develop new chapters in electrochemistry textbooks."

Lalith Bonagiri, Kaustubh Panse, Jaehyeon Kim and Shan Zhou also contributed to this work.

Support was provided by the Air Force Office of Scientific Research.

Yingjie Zhang is an Illinois Grainger Engineering assistant professor of materials science and engineering in the Department of Materials Science and Engineering. He is a faculty affiliate of the Materials Research Laboratory and the Beckman Institute for Advanced Science and Technology.
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Clockwork from scratch: How scientists made timekeeping cells | ScienceDaily
A team of UC Merced researchers has shown that tiny artificial cells can accurately keep time, mimicking the daily rhythms found in living organisms. Their findings shed light on how biological clocks stay on schedule despite the inherent molecular noise inside cells.


						
The study, recently published in Nature Communications, was led by bioengineering Professor Anand Bala Subramaniam and chemistry and biochemistry Professor Andy LiWang. The first author, Alexander Zhang Tu Li, earned his Ph.D. in Subramaniam's lab.

Biological clocks -- also known as circadian rhythms -- govern 24-hour cycles that regulate sleep, metabolism and other vital processes. To explore the mechanisms behind the circadian rhythms of cyanobacteria, the researchers reconstructed the clockwork in simplified, cell-like structures called vesicles. These vesicles were loaded with core clock proteins, one of which was tagged with a fluorescent marker.

The artificial cells glowed in a regular 24-hour rhythm for at least four days. However, when the number of clock proteins was reduced or the vesicles were made smaller, the rhythmic glow stopped. The loss of rhythm followed a reproducible pattern.

To explain these findings, the team built a computational model. The model revealed that clocks become more robust with higher concentrations of clock proteins, allowing thousands of vesicles to keep time reliably -- even when protein amounts vary slightly between vesicles.

The model also suggested another component of the natural circadian system -- responsible for turning genes on and off -- does not play a major role in maintaining individual clocks but is essential for synchronizing clock timing across a population.

The researchers also noted that some clock proteins tend to stick to the walls of the vesicles, meaning a high total protein count is necessary to maintain proper function.




"This study shows that we can dissect and understand the core principles of biological timekeeping using simplified, synthetic systems," Subramaniam said.

The work led by Subramaniam and LiWang advances the methodology for studying biological clocks, said Mingxu Fang, a microbiology professor at Ohio State University and an expert in circadian clocks.

"The cyanobacterial circadian clock relies on slow biochemical reactions that are inherently noisy, and it has been proposed that high clock protein numbers are needed to buffer this noise," Fang said. "This new study introduces a method to observe reconstituted clock reactions within size-adjustable vesicles that mimic cellular dimensions. This powerful tool enables direct testing of how and why organisms with different cell sizes may adopt distinct timing strategies, thereby deepening our understanding of biological timekeeping mechanisms across life forms."

Subramaniam is a faculty member in the Department of Bioengineering and an affiliate of the Health Sciences Research Institute (HSRI). LiWang is a faculty member in the Department of Chemistry and Biochemistry, also affiliated with HSRI. He is a fellow of the American Academy of Microbiology and the 2025 recipient of the Dorothy Crowfoot Hodgkin Award from The Protein Society.

The work was supported by Subramaniam's National Science Foundation CAREER award from the Division of Materials Research and by grants from the National Institutes of Health and Army Research Office awarded to LiWang. LiWang was supported by a fellowship from the NSF CREST Center for Cellular and Biomolecular Machines at UC Merced.
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Building electronics that don't die: Columbia's breakthrough at CERN | ScienceDaily
The Large Hadron Collider (LHC) is tough on electronics. Situated inside a 17-mile-long tunnel that runs in a circle under the border between Switzerland and France, this massive scientific instrument accelerates particles close to the speed of light before smashing them together. The collisions yield tiny maelstroms of particles and energy that hint at answers to fundamental questions about the building blocks of matter.


						
Those collisions produce an enormous amount of data -- and enough radiation to scramble the bits and logic inside almost any piece of electronic equipment.

That presents a challenge to CERN's physicists as they attempt to probe deeper into the mysteries of the Higgs boson and other fundamental particles. Off-the-shelf components simply can't survive the harsh conditions inside the accelerator, and the market for radiation-resistant circuits is too small to entice investment from commercial chip manufacturers.

"Industry just couldn't justify the effort, so academia had to step in," according to Peter Kinget, the Bernard J. Lechner Professor of Electrical Engineering at Columbia Engineering. "The next discoveries made with the LHC will be triggered by one Columbia chip and measured by another."

Kinget leads the team that designed specialized silicon chips that collect data in one of the harshest and most important environments in particle physics. Their most recent paper describing this project was published July 1 in the IEEE Open Journal of the Solid-State Circuits Society.

"These sort of collaborations between physicists and engineers are very important to advancing our ability to explore fundamental questions about the universe," according to John Parsons, professor of physics at Columbia University and leader of the Columbia team working on the ATLAS detector, one of the LHC's massive instruments. "Developing state-of-the-art instrumentation is crucial to our success."

Circuits that resist radiation

The devices the team designed are called analog-to-digital converters, or ADCs. Their task is capturing electrical signals produced by particle collisions inside CERN's detectors and translating them into digital data that researchers can analyze.




In the ATLAS detector, the electrical pulses generated by particle collisions are measured using a device called a liquid argon calorimeter. This enormous vat of ultra-cold argon captures an electronic trace of every particle that passes through. Columbia's ADC chips convert these delicate analog signals into precise digital measurements, capturing details that no existing component could reliably record.

"We tested standard, commercial components, and they just died. The radiation was too intense," says Rui (Ray) Xu, a Columbia Engineering PhD student who has worked on the project since he was an undergraduate at the University of Texas. "We realized that if we wanted something that worked, we'd have to design it ourselves."

Designing "high-accuracy" reliability

Instead of creating entirely new manufacturing methods, the team used commercial semiconductor processes validated by CERN for radiation resistance and applied innovative circuit-level techniques. They carefully chose and sized components and arranged circuit architectures and layouts to minimize radiation damage and built digital systems that automatically detect and correct errors in real time. Their resulting design is resilient enough to withstand the unusually severe conditions at LHC for more than a decade.

Two Columbia-designed ADC chips are expected to be integrated into the ATLAS experiment's upgraded electronics. The first, called the trigger ADC, is already operating at CERN. This chip, initially described in 2017 and validated in 2022, enables the trigger system to filter about a billion collisions each second and to instantly select only the most scientifically promising events to record. It serves as a digital gatekeeper deciding what merits deeper investigation.

The second chip, the data acquisition ADC, recently passed its final tests and is now in full production. The chip, which was described in an IEEE paper earlier this year, will be installed as part of the next LHC upgrade. It will very precisely digitize the selected signals, enabling physicists to explore phenomena like the Higgs boson, whose discovery at CERN made headlines in 2012 and led to the Nobel Prize in physics in 2013, but whose exact properties still hold mysteries.




Both chips represent the kind of direct collaboration between fundamental physicists and engineers.

"The opportunity as an engineer to contribute so directly to fundamental science, is what makes this project special," Xu said.

It further created opportunities to collaborate across multiple institutions. The chips were designed by electrical engineers at Columbia and at the University of Texas, Austin, in close collaboration with physicists at Columbia's Nevis Laboratories and the University of Texas, Austin.

Funded by the National Science Foundation and the Department of Energy, Columbia's chips play a central role in a broader international collaboration coordinated in part by Columbia's Nevis Laboratories. As research at CERN advances, Columbia-designed components will contribute to data acquisition systems that support physicists in analysing phenomena beyond the current limits of knowledge.
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Digital twins are reinventing clean energy - but there's a catch | ScienceDaily
As the world grapples with the urgent need to reduce carbon emissions and combat climate change, researchers at the University of Sharjah are turning to a cutting-edge technology that could reshape the future of energy: AI-powered digital twins.


						
According to the researchers, these digital replicas of the physical world have the potential to transform the generation, management, and optimization of energy across diverse clean energy platforms, accelerating the transition away from fossil fuels, which environmental scientists associate with global warming.

Digital twins' ability to replicate and interact with complex systems has made them a cornerstone of innovation across industries, driving improvements in efficiency, cost reduction, and the development of novel solutions.

However, the scientists caution that current digital twin models still face notable limitations that restrict their full potential in harnessing energy from sources such as wind, solar, geothermal, hydroelectric, and biomass.

"Digital twins are highly effective in optimizing renewable energy systems," the researchers write in the journal Energy Nexus. "Yet, each energy source presents unique challenges -- ranging from data variability and environmental conditions to system complexity -- that can limit the performance of digital twin technologies, despite their considerable promise in improving energy generation and management."

In their study, the authors conducted an extensive review of existing literature on the application of digital twins in renewable energy systems. They examined various contexts, functions, lifecycles, and architectural frameworks to understand how digital twins are currently being utilized and where gaps remain.

To extract meaningful insights, the researchers employed advanced text mining techniques, leveraging artificial intelligence, machine learning, and natural language processing. This scientifically rigorous approach enabled them to analyze large volumes of raw data and uncover structured patterns, concepts, and emerging trends.




From this in-depth analysis, the authors drew several key conclusions. They identified research gaps, proposed new directions, and outlined the challenges that must be addressed to fully harness the potential of digital twin technology in the renewable energy sector.

Following a detailed discussion on the integration of digital twins across various renewable energy applications, the authors summarized their most significant findings across five major energy sources: wind, solar, geothermal, hydroelectric, and biomass. Each source presents unique opportunities and challenges, and the study offers a comprehensive overview of how digital twins can be tailored to optimize performance in each domain.

The study reveals that digital twins offer significant advantages across various renewable energy systems:

Wind Energy: Digital twins can predict unknown parameters and correct inaccurate measurements, enhancing system reliability and performance.

Solar Energy: They help identify key factors that influence efficiency and output power, enabling better system design and optimization.

Geothermal Energy: Digital twins can simulate the entire operational process -- particularly drilling -- facilitating cost analysis and reducing both time and expenses.




Hydroelectric Energy: The AI-driven models simulate system dynamics to identify influencing factors. In older hydro plants, they are used to mitigate the impact of worker fatigue on productivity.

Biomass Energy: Digital twins improve performance and management by offering deep insights into operational processes and plant configurations.

But the authors' contribution to the field stands out in highlighting critical limitations in the application of digital twin technology across these energy sources. Their analysis underscores the need for more robust models that can address specific challenges unique to each renewable energy system.

The authors identify several limitations in the application of digital twins across different renewable energy systems:

Wind Energy: Digital twins face challenges in accurately modeling and monitoring environmental conditions. They struggle to simulate critical factors such as blade erosion, gearbox degradation, and electrical system performance -- particularly in aging turbines.

Solar Energy: Despite their potential, digital twins still fall short in reliably predicting long-term performance. They have difficulty tracking panel degradation and accounting for environmental influences over time, which affects their accuracy and usefulness.

Geothermal Energy: A major obstacle is the lack of high-quality data, which hampers the ability of digital twins to simulate geological uncertainties and subsurface conditions. The technology also faces complexity in modeling the long-term behavior of geothermal systems, including heat transfer and fluid flow dynamics.

Hydroelectric energy: Applied to hydroelectric projects, digital twins face challenges in accurately modeling water flow variability and in capturing environmental and ecological constraints. These limitations reduce their effectiveness in optimizing system performance and sustainability.

biomass energy: When used with biomass energy systems, digital twins still struggle to simulate the entire production supply chain. They fall short in providing precise models for biological processes, biomass conversion, and the complex biochemical and thermochemical reactions involved.

The authors emphasize the broader implications of these shortcomings for the renewable energy sector. To address these challenges, they offer a set of guidelines and a research roadmap aimed at helping scientists enhance the reliability and precision of digital twin technologies.

Their recommendations focus on improving data collection methods, advancing modeling techniques, and expanding computational capabilities to ensure digital twins can deliver trustworthy insights for decision-making and system optimization.
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Columbia scientists turn yogurt into a healing gel that mimics human tissue | ScienceDaily
Researchers from Columbia Engineering have established a framework for the design of bioactive injectable hydrogels formulated with extracellular vesicles (EVs) for tissue engineering and regenerative medicine applications.


						
Published on July 25 in Matter, Santiago Correa, assistant professor of biomedical engineering at Columbia Engineering, and his collaborators describe an injectable hydrogel platform that uses EVs from milk to address longstanding barriers in the development of biomaterials for regenerative medicine. EVs are particles naturally secreted by cells and carry hundreds of biological signals, like proteins and genetic material, enabling sophisticated cellular communication that synthetic materials cannot easily replicate.

In this study, Correa and colleagues designed a hydrogel system where EVs play a dual role: they act as bioactive cargo but also serve as essential structural building blocks, by crosslinking biocompatible polymers to form an injectable material. Using an unconventional approach that leveraged milk EVs from yogurt, the team was able to overcome yield constraints that hinder the development of EV-based biomaterials. The yogurt EVs enabled the hydrogel to both mimic the mechanics of living tissue and actively engage surrounding cells, promoting healing and tissue regeneration without the need for additional chemical additives.

"This project started as a basic question about how to build EV-based hydrogels. Yogurt EVs gave us a practical tool for that, but they turned out to be more than a model," said Correa who led the study with Artemis Margaronis, an NSF graduate research fellow in the Correa lab. "We found that they have inherent regenerative potential, which opens the door to new, accessible therapeutic materials."

Correa directs the Nanoscale Immunoengineering Lab at Columbia University, where his research focuses on drug delivery and immunoengineering. He is also a member of the Herbert Irving Comprehensive Cancer Center and collaborated on this project with Kam Leong, a fellow Columbia Engineering faculty member. The study was further strengthened through international collaboration with researchers from the University of Padova, including Elisa Cimetta (Department of Industrial Engineering) and graduate student Caterina Piunti. By combining Padova team's expertise in agricultural EV sourcing with the Correa lab's experience in nanomaterials and polymer-based hydrogels, the team demonstrated the power of cross-disciplinary, global partnerships in advancing biomaterials innovation.

By using yogurt-derived EVs, the team defined a design space for generating hydrogels that incorporate EVs as both structural and biological elements. They further validated the approach using EVs derived from mammalian cells and bacteria, demonstrating that the platform is modular and compatible with diverse vesicle sources. This could open the door to advanced applications in wound healing and regenerative medicine, where current treatments often fall short in promoting long-term tissue repair. By integrating EVs directly into the hydrogel structure, the material enables sustained delivery of their bioactive signals. Because the hydrogel is injectable, it can also be delivered locally to damaged tissue.

Early experiments show that yogurt EV hydrogels are biocompatible and drive potent angiogenic activity within one week in immunocompetent mice, demonstrating that agricultural EVs not only enable fundamental biomaterials research but also hold therapeutic potential as a next-generation biotechnology. In mice, the material showed no signs of adverse reaction and instead promoted the formation of new blood vessels, a key step in effective tissue regeneration. Correa's team also observed that the hydrogel creates a unique immune environment enriched in anti-inflammatory cell types, which may contribute to the observed tissue repair processes. The team is now exploring how this immune response could help guide tissue regeneration.

"Being able to design a material that closely mimics the body's natural environment while also speed up the healing process opens a new world of possibilities for regenerative medicine," said Margaronis. "Moments like these remind me why the research field in biomedical engineering is always on the cusp of something exciting."
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Walk faster, live longer: How just 15 minutes a day can boost lifespan | ScienceDaily
Regular walking is widely recognized for its significant benefits to overall health and well-being. Previous research has primarily focused on middle-to-high-income White populations. Now, a novel analysis using data from the Southern Community Cohort Study, involving 79,856 predominantly low-income and Black individuals across 12 southeastern US states, confirms the benefits of regular walking, especially at a faster pace, within a crucial, underrepresented group. The new study appearing in the American Journal of Preventive Medicine, published by Elsevier, underscores the importance of promoting walking, particularly at a brisk pace, as an effective form of physical activity for improving health.


						
Lead investigator Wei Zheng, MD, PhD, Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center, School of Medicine, Vanderbilt University, and Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical Center, says, "While the health benefits of daily walking are well-established, limited research has investigated effects of factors such as walking pace on mortality, particularly in low-income and Black/African-American populations. Our research has shown that fast walking as little as 15 minutes a day was associated with a nearly 20% reduction in total mortality, while a smaller reduction in mortality was found in association with more than three hours of daily slow walking. This benefit remained strong even after accounting for other lifestyle factors and was consistent across various sensitivity analyses."

Participants reported the average amount of time per day (minutes) they typically spend "walking slowly (such as moving around, walking at work, walking the dog, or engaging in light exercise)" and "walking fast (such as climbing stairs, brisk walking, or exercising)." Information regarding vital status and cause of death was obtained by linking the cohort to the National Death Index.

The protective effect of fast walking extended to all causes of death but was most pronounced for cardiovascular diseases. Importantly, the benefits of fast walking were independent of overall leisure-time physical activity levels (LTPA). Even for those who are already engaged in slow walking or some LTPA, adding more fast walking further reduced mortality.

According to the study the benefits of fast walking related to cardiovascular health are:
    	Boosts heart efficiency: As an aerobic exercise, fast walking improves cardiac output, increases oxygen delivery, and enhances the efficiency of the heart's pumping action, leading to better overall cardiovascular health.
    	Manages cardiovascular risk factors: Regular fast walking helps control body weight and composition, reducing obesity and related risks like hypertension and dyslipidemia.
    	Highly accessible: Fast walking is a convenient, low-impact activity suitable for individuals of all ages and fitness levels.

Low-income populations often face economic constraints and are more likely to reside in impoverished, highly polluted communities with limited access to safe walking spaces. Additionally, these populations tend to have a higher prevalence of lifestyle behaviors that may increase disease risk and mortality, such as lower quality diet, cigarette smoking, and heavy alcohol consumption. At the same time, there are other challenges for individuals with low income such as lack of access to health insurance or healthcare that may also increase mortality. These factors collectively contribute to an increased mortality among low-income individuals and may potentially elucidate the racial disparities observed in longevity. By demonstrating the benefits of fast walking in this study, this research provides direct evidence to inform targeted interventions and policies to improve health equity.

Lead author of the article Lili Liu, MPH, Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center, School of Medicine, and Vanderbilt University, Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical Center, concludes, "Public health campaigns and community-based programs can emphasize the importance and availability of fast walking to improve health outcomes, providing resources and support to facilitate increased fast walking within all communities. Furthermore, the findings of the reduced mortality associated with fast walking pace were supported by previous studies conducted in middle- and upper-middle-income populations. Individuals should strive to incorporate more intense physical activity into their routines, such as brisk walking or other forms of aerobic exercise."
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This gut hormone could explain 40% of IBS-D cases-and lead to a cure | ScienceDaily
High levels of a hormone found in cells in the gut could underlie many cases of chronic diarrhea and help explain up to 40% of cases of patients with irritable bowel syndrome with diarrhea, according to a new study led by scientists at the University of Cambridge.


						
The research, published in the journal Gut, could help in the development of a blood test and points towards a potential new treatment.

When we eat, the liver releases bile acid to break down fats so that they can be absorbed into the body. Bile acid is released into the top end of the small intestine and then absorbed back into the body at the lower end.

However, around one person in every 100 is affected by a condition known as bile acid diarrhea (also known as bile acid malabsorption), whereby the bile acid is not properly re-absorbed and makes its way into the large intestine (colon). It can trigger urgent and watery diarrhea, and patients can risk episodes of incontinence.

Bile acid diarrhea can be difficult to diagnose as there are currently no routine clinical blood tests. Many individuals are given a diagnosis of irritable bowel syndrome (IBS), an umbrella term for a range of conditions. As many as one in 20 people is thought to have IBS, of which an estimated one in three patients with diarrhea as their main symptom have undiagnosed bile acid diarrhea.

Studies in mice have previously suggested that the gut hormone known as Insulin-Like Peptide 5 (INSL5) - present in cells at the far end of the colon and rectum - may play a role in chronic diarrhea. INSL5 is released by these cells when irritated by bile acid.

Researchers at the Institute of Metabolic Science, University of Cambridge, have been exploring whether this hormone might also underlie chronic diarrhea in humans. This has been possible thanks to a new antibody test developed by pharmaceutical company Eli Lilly, with whom the team is collaborating, which allows them to measure tiny amounts of INSL5.




A study at the University of Adelaide looking at ways to trigger release of the gut hormone GLP-1 - the hormone upon which weight-loss drugs are based - previously found that giving a bile acid enema to healthy volunteers triggered release of GLP-1, but had the unintended consequence of causing diarrhea. When the Cambridge team analyzed samples from this study, they found that the bile acid enema caused levels of INSL5 to shoot up temporarily - and the higher the INSL5 levels, the faster the volunteers needed to use the toilet. This confirmed that INSL5 is likely to play a role in chronic cases of diarrhea.

When the team analyzed samples obtained from Professor Julian Walters at Imperial College London, which include samples from patients with bile acid diarrhea, they found that while levels of INSL5 were almost undetectable in healthy volunteers, they were much higher in patients with bile acid diarrhea. In addition, the higher the INSL5 level, the more watery their stool samples.

Dr Chris Bannon from the University of Cambridge, the study's first author, said: "This was a very exciting finding because it showed us that this hormone could be playing a big part in symptoms of this misunderstood condition. It also meant it might allow us to develop a blood test to help diagnose bile acid diarrhea if INSL5 levels are only high in these individuals.

"When you go to the doctor with chronic diarrhea, it's likely they'll test for food intolerances, rule out an infection or look for signs of inflammation. There has been significant research interest in the microbiome, but gut hormones have been neglected. But it's becoming increasingly clear that gut hormones play an important role in things like gut health and weight management."

INSL5 also provides a potential target for treatment. Dr Bannon and colleagues obtained further samples from Professor Robin Spiller at the University of Nottingham, who had given the anti-sickness medication ondansetron - known to block the action of INSL5 in mice - to patients with IBS. Analysis of these samples by the Cambridge team showed that around 40% of these patients had raised levels of INSL5, even though they had had bile acid malabsorption ruled out, and these patients responded best to ondansetron.

Exactly why ondansetron is effective is currently unclear, though a known side effect of the drug is constipation. The team will now be investigating this further, hopeful that it will allow them either to repurpose the drug or to develop even better treatments. Bile acid diarrhea is usually treated with so-called bile acid sequestrants, but these are only effective in around two-thirds of patients.

Dr Bannon added: "I often get asked why we would have a hormone that gives you diarrhea. I think of it as a kind of poison sensor. Bile acids aren't meant to be in the colon - they're an irritant to the colon and they're toxic to the microbiome. It makes sense that you would have something that detects toxins and helps the body rid itself of them. But a problem develops if it's always being triggered by bile acid, causing very dramatic symptoms."

Dr Bannon is a clinical fellow in the group led by Professors Fiona Gribble and Frank Reimann at the Institute of Metabolic Science, University of Cambridge.

The research was supported by the Medical Research Council and Wellcome, with additional support from the National Institute for Health and Care Research Cambridge Biomedical Research Centre.
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Did humans learn to walk in trees? | ScienceDaily
It's hard to tell when -- and why -- our ancestors got down from trees and started walking on two legs. Many early hominins capable of bipedal walking were also well-adapted for climbing, and we lack fossil evidence from a key period when climate change turned forests into open, dry woodland called savannah-mosaic, which might have pushed hominins onto the ground. Now a study on modern chimpanzees could help fill in the gaps. Scientists observing chimpanzees in the Issa Valley, Tanzania have shown that despite living in a savannah-mosaic, they frequently climb trees for valuable food -- potentially explaining why early hominins kept their arboreal adaptations.


						
"For decades it was assumed that bipedalism arose because we came down from the trees and needed to walk across an open savannah," said Dr Rhianna Drummond-Clarke of the Max Planck Institute for Evolutionary Anthropology, lead author of the article in Frontiers in Ecology and Evolution. "Here we show that safely and effectively navigating the canopy can remain very important for a large, semi-arboreal ape, even in open habitat. Adaptations to arboreal, rather than terrestrial, living may have been key in shaping the early evolution of the human lineage."

Habitats and hunger 

Issa Valley is divided between a small amount of thick forest surrounding riverbanks and open woodland. The chimpanzees forage more in the woodland during the dry season, when it offers more food. Their habitat and diet are comparable to those of some early hominins, which means their behavior might offer insights into those extinct hominins' lives.

"Our previous research found that, compared to chimpanzees living in forests, Issa Valley chimpanzees spent just as much time moving in the trees," said Drummond-Clarke. "We wanted to test if something about how they foraged could explain their unexpectedly high arboreality. Savannah-mosaics are characterized by more sparsely distributed trees, so we hypothesized that adapting behavior to forage efficiently in a tree would be especially beneficial when the next tree is further away."

Researchers monitored the adults of the Issa community during the dry season, watching how they foraged in trees and what they ate there. The size, height, and shape of the trees were recorded, as well as the number and size of branches.

Issa chimpanzees mostly ate fruit, followed by leaves and flowers -- foods found at the ends of branches, so the chimpanzees needed to be capable climbers to reach them safely. They spent longer foraging in trees that were larger and offered more food. The longest foraging sessions, and the most specialized behaviors to navigate thinner terminal branches, were seen in trees with large open crowns offering lots of food: perhaps abundant food justified the extra time and effort. A similar trade-off between the nutritional benefits of specific foods and the effort of acquiring them could also explain why chimpanzees spent longer in trees while eating nutritionally-rich, hard-to-access seeds.




Fast food 

Because they are relatively large, chimpanzees move within trees not by climbing on thin branches but by hanging under them, or standing upright and holding on to nearby branches with their hands. Although these 'safe' behaviors are traditionally associated with foraging in dense forest, these findings show they're also important for chimpanzees foraging in a savannah-mosaic.

"We suggest our bipedal gait continued to evolve in the trees even after the shift to an open habitat," said Drummond-Clarke. "Observational studies of great apes demonstrate they can walk on the ground for a few steps, but most often use bipedalism in the trees. It's logical that our early hominin relatives also engaged in this kind of bipedalism, where they can hold onto branches for extra balance. If Issa Valley chimpanzees can be considered suitable models, suspensory and bipedal behaviors were likely vital for a large-bodied, fruit-eating, semi-terrestrial hominin to survive in an open habitat."

However, the researchers say that we need more fossil evidence and more studies on different aspects of chimpanzee foraging to test this idea.

"This study only looked at foraging behavior during the dry season," cautioned Drummond-Clarke. "It would be interesting to investigate if these patterns remain during the wet season. Analyses of the nutritional value of foods and overall food availability are also needed to test our hypothesis that a strategy of foraging for longer in large trees on certain foods is energy-efficient in an open habitat.

"Importantly, this is also only one community of chimpanzees. Future studies of other chimpanzees living in such dry, open habitats will be vital to see if these patterns are truly a savannah-mosaic signal or unique to Issa."
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The real-life Kryptonite found in Serbia-and why it could power the future | ScienceDaily
    	Jadarite has been likened to Superman's 'kryptonite' based on their similar chemical compositions.
    	It was discovered in the Jadar Valley of Serbia and officially recognized as a new mineral in 2006.
    	Whilst lacking any actual superpowers, jadarite has great potential as an important resource of lithium and boron.

Kryptonite's twin on Earth 

Described as 'Earth's kryptonite twin', jadarite is a rare and fascinating mineral that quickly caught the attention of scientists and Superman fans alike.

The mineral was discovered by exploration geologists from Rio Tinto in 2004 in the Jadar Valley of Serbia. Its chemical composition is exactly like the fictional kryptonite right out of the comic books -- with a few differences. Where kryptonite glows green and weakens superheroes, jadarite offers immense potential for Earth's energy transition away from fossil fuels.

A new mineral on the scene 

Jadarite was identified by Rio Tinto geologists during exploration drilling and didn't match any known mineral at the time. After analysis by the Natural History Museum in London and the National Research Council of Canada, it was officially recognised as a new mineral in 2006.

Jadarite is a "sodium lithium boron silicate hydroxide" mineral, coincidentally the same scientific name written on a case containing kryptonite stolen by Lex Luther from a museum in the film Superman Returns.




While the film version of kryptonite contains fluorine and glows an eery green, the chemical formula of the real version is LiNaSiB3O7(OH) and is a much less supernatural dull white -- though it does fluoresce a pinkish-orange under UV light.

Super in its own right 

Michael Page, a scientist with Australia's Nuclear Science and Technology Organisation (ANSTO), said that the mineral is 'super' in its own right.

"While lacking any supernatural powers the real jadarite has great potential as an important source of lithium and boron," Michael said.

"In fact, the Jadar deposit where it was first discovered is considered one of the largest lithium deposits in the world, making it a potential game-changer for the global green energy transition."

ANSTO is one of the three supporting agencies of the Australian Critical Minerals R&D Hub, alongside Geoscience Australia and CSIRO, hosted by CSIRO. One of the Hub's key missions is to better connect Australia's R&D ecosystem, including Australian industry, to enable access and utilization of critical minerals to strengthen Australia's value chain domestically and across the globe.

The work that ANSTO does has a significant focus on how these critical minerals, such as jadarite, can be utilised to support Australian industry in a commercial capacity.

"At ANSTO, we work with industry to develop process solutions for many critical elements including lithium, and the challenges posed by a new type of mineral resource are very exciting," Michael said.

ANSTO has produced battery grade lithium chemicals from many different mineral deposits, such as spodumene, lepidolite and even jadarite, ensuring that Australian miners receive the support they need to meet the challenges of the energy transition.
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Quantum tunneling mystery solved after 100 years-and it involves a surprise collision | ScienceDaily
Recently, Professor Dong Eon Kim from POSTECH's Department of Physics and Max Planck Korea-POSTECH Initiative and his research team have succeeded in unraveling for the first time the mystery of the 'electron tunneling' process, a core concept in quantum mechanics, and confirmed it through experiments. This study was published in the international journal Physical Review Letters and is attracting attention as a key to unlocking the long-standing mystery of 'electron tunneling,' which has remained unsolved for over 100 years.


						
While the idea of teleporting through walls may sound like something out of a movie, such phenomena actually occur in the atomic world. This phenomenon, called 'quantum tunneling,' involves electrons passing through energy barriers (walls) that they seemingly cannot surmount with their energy, as if digging a tunnel through them.

This phenomenon is the principle by which semiconductors, i. e., core components of smartphones and computers, operate, and is also essential for nuclear fusion, the process that produces light and energy in the sun. However, until now, while some understanding existed about what happens before and after an electron passes through a tunnel, the exact behavior of the electron as it traverses the barrier remained unclear. We know the entrance and exit of the tunnel, but what happens inside has remained a mystery.

Professor Kim Dong Eon's team, along with Professor C. H. Keitel's team at the Max Planck Institute for Nuclear Physics in Heidelberg, Germany, conducted an experiment using intense laser pulses to induce electron tunneling in atoms. The results revealed a surprising phenomenon: electrons do not simply pass through the barrier but collide again with the atomic nucleus inside the tunnel. The research team named this process 'under-the-barrier recollision' (UBR). Until now, it was believed that electrons could only interact with the nucleus after exiting the tunnel, but this study confirmed for the first time that such interaction can occur inside the tunnel.

Even more intriguingly, during this process, electrons gain energy inside the barrier and collide again with the nucleus, thereby strengthening what is known as 'Freeman resonance.' This ionization was significantly greater than that observed in previously known ionization processes and was hardly affected by changes in laser intensity. This is a completely new discovery that could not be predicted by existing theories.

This research is significant as it is the first in the world to elucidate the dynamics of electrons during tunneling. It is expected to provide an important scientific foundation for more precise control of electron behavior and increased efficiency in advanced technologies such as semiconductors, quantum computers, and ultrafast lasers that rely on tunneling.

Professor Kim Dong Eon stated, "Through this study, we were able to find clues about how electrons behave when they pass through the atomic wall," and added, "Now, we can finally understand tunneling more deeply and control it as we wish."

Meanwhile, this research was supported by the National Research Foundation of Korea and the Capacity Development Project of the Korea Institute for Advancement of Technology.
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Ghost particles may secretly decide the fate of collapsing stars | ScienceDaily
Neutrinos are cosmic tricksters, paradoxically hardly there but lethal to stars significantly more massive than the sun. These elementary particles come in three known "flavors": electron, muon and tau. Whatever the flavor, neutrinos are notoriously slippery, and much about their properties remains mysterious. It is almost impossible to collide neutrinos with each other in the lab, so it is not known if neutrinos interact with each other according to the standard model of particle physics, or if there are much-speculated "secret" interactions only among neutrinos.


						
Now a team of researchers from the Network for Neutrinos, Nuclear Astrophysics, and Symmetries (N3AS), including several from UC San Diego, have shown, through theoretical calculations, how collapsing massive stars can act as a "neutrino collider." Neutrinos steal thermal energy from these stars, forcing them to contract and causing their electrons to move near light speed. This drives the stars to instability and collapse

Eventually the collapsing star's density becomes so high that the neutrinos are trapped and collide with each other. With purely standard model interactions, the neutrinos will be mostly electron flavor, the matter will be relatively "cold," and the collapse will likely leave a neutron star remnant. However, secret interactions that change neutrino flavor radically alter this scenario, producing neutrinos of all flavors and leading to a mostly neutron "hot" core that may lead to a black hole remnant.

Fermi National Accelerator Lab's upcoming Deep Underground Neutrino Experiment (DUNE) might be able to test these ideas, as might future observations of the neutrinos or gravitational waves from collapsing stars.

The study, published June 18, 2025 in Physical Review Letters, was led by UC San Diego researchers Anna M. Suliga, Julien Froustey, Lukas Graf, Kyle Kehrer and George Fuller, as well as collaborators from other institutions. Their research was funded, in part, by the National Science Foundation (PHY-2209578 and PHY-2020275), the Department of Energy (DE-AC02-07CHI11359), and the Heising-Simons Foundation (2017-228).
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Scientists just cracked the cryptographic code behind quantum supremacy | ScienceDaily
Experts say quantum computing is the future of computers. Unlike conventional computers, quantum computers leverage the properties of quantum physics such as superposition and interference, theoretically outperforming current equipment to an exponential degree.


						
When a quantum computer is able to solve a problem unfeasible for current technologies, this is called the quantum advantage. However, this edge is not guaranteed for all calculations, raising fundamental questions regarding the conditions under which such an advantage exists. While previous studies have proposed various sufficient conditions for quantum advantage, the necessity of these conditions has remained unclear.

Motivated by this uncertainty, a team of researchers at Kyoto University has endeavored to understand the necessary and sufficient conditions for quantum advantage, using an approach combining techniques from quantum computing and cryptography, the science of coding information securely.

Specifically, the team focused on interactive protocols called inefficient-verifier proofs of quantumness, which allow a verifier without a quantum computer to interact with a quantum prover and verify that it indeed possesses quantum computational power. In their study, the team demonstrated that the existence of these proofs depends on the existence of a certain cryptographic primitive called a one-way puzzle.

By integrating these methods, the team introduced a novel framework uniting the seemingly unrelated concepts of quantum advantage and cryptographic security. As a result, the team was able to completely characterize quantum advantage for the first time.

"We were able to identify the necessary and sufficient conditions for quantum advantage by proving an equivalence between the existence of quantum advantage and the security of certain quantum cryptographic primitives," says corresponding author Yuki Shirakawa.

The results imply that when quantum advantage does not exist, then the security of almost all cryptographic primitives -- previously believed to be secure -- is broken. Importantly, these primitives are not limited to quantum cryptography but also include widely-used conventional cryptographic primitives as well as post-quantum ones that are rapidly evolving.

The established equivalence between quantum computing and cryptography also provides a stronger cryptographic foundation for future experimental demonstrations of quantum advantage, as well as for ongoing theoretical investigations in the field.

"Quantum advantage is a highly expected and actively studied concept, but it is still not fully understood. Our study represents a significant step toward a deeper understanding of this property," says Shirakawa.

The team expects that future research will extend characterization to other types of quantum advantage and lead to a more general theoretical framework.
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Walk faster, age slower: The 14-step boost that builds strength | ScienceDaily
Frailty is a medically defined condition in older adults that increases vulnerability to everyday stresses, leading to a higher risk of falls, hospitalization and loss of independence. Warning signs of frailty include:


						    	Unintentional weight loss
    	Moving slowly
    	Feeling weak
    	Persistent tiredness
    	Low levels of physical activity

Because most of these signs have a direct link to how active someone is, walking is a particularly effective way to help older adults improve their overall health and quality of life and maintain independence for longer.

But a common question remains: How fast should older adults walk to see real benefits? Traditionally, the "talk test" has been used to guide walking intensity: people are encouraged to walk at a pace that makes it difficult to sing but still allows for comfortable conversation. However, this method is subjective and difficult to apply consistently.

A new study led by researchers at the University of Chicago Medicine found that walking slightly faster -- 14 steps per minute more than a person's usual pace -- led to meaningful improvements in physical function among older adults who were frail or at risk of becoming frail. In a second study, the researchers developed and tested a smartphone app designed to accurately measure walking pace, making it easier to integrate this beneficial practice into daily life.

Why study walking pace?

Walking cadence -- the number of steps taken per minute -- is an intuitive and pragmatic way to measure walking intensity. Daniel Rubin, MD, an anesthesiologist at UChicago Medicine, became interested in cadence because of his clinical experience evaluating older patients preparing for surgery.

"Older adults have a high risk of complications associated with surgery," he said. "Traditionally, surgical teams have relied on physical function questionnaires to risk stratify patients, but I thought there must be a way to develop more objective metrics."

Walking faster is healthier




In a secondary analysis of a randomized controlled trial, Rubin and his colleagues studied older adults classified as frail or prefrail. Participants were enrolled in structured walking programs within their retirement communities, guided and assessed by clinical research staff, and cadence was measured by a device fitted to their thigh. One group was encouraged to walk "as fast as safely possible," while another group walked at their usual comfortable pace.

The study's results showed clear benefits: those who increased their cadence by at least 14 steps per minute above their usual pace (to roughly 100 steps per minute) experienced substantial improvements in their functional capacity, demonstrated by their ability to walk longer distances in a standardized test.

"People who haven't experienced frailty can't imagine how big a difference it makes to be able to not get tired going to the grocery store or not need to sit down while they're out," Rubin said.

An intuitive walking app

Building on these findings, Rubin's team created a smartphone app called "Walk Test," which they designed specifically for measuring walking cadence accurately.

"We didn't necessarily trust smartphones' built-in analytics," Rubin said. "Instead, we built an app that uses a novel open-source method to analyze the data measured by the phone and lets us actively engage users in brief, deliberate walking tests, ensuring accurate measurement."

Validation testing showed that the app counts steps per minute with exceptional accuracy, closely matching specialized, research-grade accelerometers. Rubin noted that Walk Test was designed for accessibility and user-friendliness in addition to accuracy.




"We wanted to make it as low-barrier as possible so it's easy for older adults to use without additional equipment," he said. "The people who need the most help are usually the least well-equipped to get started."

Practical advice for daily life

The research highlights walking as a widely accessible exercise with substantial health benefits.

"Even casual walking had positive effects on our study participants," Rubin said. But for those who are able, increasing their walking pace judiciously can yield even greater results.

To use cadence to guide your walking intensity, start by measuring your usual walking pace in steps per minute to establish a baseline. From there, try increasing your pace slightly to find a level that still feels comfortable but brisker.

To maintain a steady and elevated cadence, Rubin recommends using a metronome app to match your steps to a consistent beat. While the Walk Test app developed by the research team is not yet available to the public, metronome apps are a simple alternative that can help walkers stay on pace and track progress over time.

These methods can help integrate faster-paced walking into daily routines, offering a simple yet effective strategy to people who want to stay healthier and more independent as they age.
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Eggs are off the hook-study reveals bacon's the real heart risk | ScienceDaily
From poached to panfried, when it comes to eggs, it's all sunny side up, as new research from the University of South Australia confirms that this breakfast favourite won't crack your cholesterol.


						
Long blamed for high cholesterol, eggs have been beaten up for their assumed role in cardiovascular disease (CVD). Now, UniSA researchers have shown definitively that it's not dietary cholesterol in eggs but the saturated fat in our diets that's the real heart health concern.

In a world-first study, researchers examined the independent effects of dietary cholesterol and saturated fat on LDL cholesterol (the 'bad' kind), finding that eating two eggs a day - as part of a high cholesterol but low saturated fat diet - can actually reduce LDL levels and lower the risk of heart disease.

CVD is the leading cause of death worldwide, responsible for nearly 18 million deaths each year. In Australia, one person dies from CVD every 12 minutes, accounting for one in four of deaths nationwide.

Lead researcher, UniSA's Professor Jon Buckley, says it's time to rethink the reputation of eggs.

"Eggs have long been unfairly cracked by outdated dietary advice," Prof Buckley says.

"They're unique - high in cholesterol, yes, but low in saturated fat. Yet it's their cholesterol level that has often caused people to question their place in a healthy diet.




"In this study, we separated the effects of cholesterol and saturated fat, finding that high dietary cholesterol from eggs, when eaten as part of a low saturated fat diet, does not raise bad cholesterol levels.

"Instead, it was the saturated fat that was the real driver of cholesterol elevation.

"You could say we've delivered hard-boiled evidence in defense of the humble egg.

"So, when it comes to a cooked breakfast, it's not the eggs you need to worry about - it's the extra serve of bacon or the side of sausage that's more likely to impact your heart health."
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Science tested 64 natural remedies for depression-only a few actually work | ScienceDaily
Most people have heard of St John's Wort and omega-3s. But did you know there are a lot more over-the-counter herbal products and supplements out there targeting depression?In our review of clinical trials of these products, we found 64 different over-the-counter (OTC) products that have been evaluated for depression - but with differing levels of evidence for each.


						
Why look at this topic?

Depression is increasingly common, to the extent that it is sometimes described as an epidemic. In the UK, 11.3% of people report mild depressive symptoms, 4.2% moderate depressive symptoms, and 3.3% severe depressive symptoms. Many of us know someone who struggles with minor or moderate levels of depression, or we may struggle from depressive symptoms ourselves. Often, we will try many things to help, such as antidepressants, talking therapies, meditation, or exercise. One common treatment people try is OTC products which are widely available and accessible from supermarkets, pharmacies, health food shops, and online.

Once you start looking into which OTC product might be helpful, the list becomes endless. This is particularly the case if you read online blogs or look at social media promotion of various products. How do we know what is evidence-based? What products are effective? Are they safe?

Given my background, I was naturally interested in understanding which products might be helpful and where research should focus next.

What did we do?

As a team we reviewed 23,933 study records and 1,367 papers. Overall, we found 209 clinical trials that assessed 64 OTC products for depression where the product was taken for more than one week. We focused on the most rigorous way of evaluating the effectiveness and safety - clinical trials. Studies in adults aged 18-60 years with depression symptoms or a diagnosis were included. We also checked if there was an age bias by reviewing trials in older people separately and found there is. This project is part of a larger series of studies, also looking into products for anxiety and insomnia.




It can be challenging to classify OTC products - different countries have different regulations, and some products are commonly used in some places but not in others. Two volunteers from the public helped us to narrow our choices, which helped us exclude some very obscure products, such as eels' head powder!

So what did we find? 

We anticipated a lot of studies, but over 200 was more than we expected! We had to recruit an intern to help us to sort through the findings. Studies were not always straightforward - some tested multiple doses or products, some were in addition to antidepressants and in some trials people had a range of physical conditions in addition to depression. We grouped our findings into products with substantive evidence (more than 10 trials), emerging evidence (between two and nine trials), and single trials only.

The products with substantive evidence are those that are well known - omega-3s (39 trials), St John's Wort (38), probiotics (18) and vitamin D (14) - as well as saffron (18), which is important in the Middle East and parts of Asia.

Compared to placebo, fewer omega-3 trials found effects for depression than those that found no effects. However, St John's Wort and saffron more often showed effects compared to placebo, and similar results to prescription antidepressants. Probiotics and vitamin D were more likely to reduce depressive symptoms than placebo.

Out of the 18 products with emerging evidence, folic acid, lavender, zinc, tryptophan, rhodiola, and lemon balm were the most promising. Bitter orange, Persian lavender, and chamomile tea also showed positive effects in two trials each. Some products that are gaining in popularity, such as melatonin, magnesium, and curcumin, showed mixed effects upon depression across multiple clinical trials. Mixed results were also found for cinnamon, echium, vitamin C, and a combination of vitamin D plus calcium. Prebiotics, which support the good bacteria in our gut, and a supplement called SAMe did not seem to be better than placebo. 41 products had only a single trial available. This is helpful as a starting point, but does not give us conclusive evidence.




It's good news that very few safety concerns arose from any of these products, whether they were taken alone or in combination with antidepressants. However, a healthcare professional should always be consulted on whether a product might interact with something else you are taking. A higher standard of safety reporting in trials is essential - only 145 (69%) of the examined studies fully reported any side effects from the products.

What do we recommend for the future?

Whilst 89 trials tested products in combination with antidepressants, few looked at whether taking OTC products whilst having talking therapies has an additional effect. There was also only one study that looked at whether taking an OTC product (folic acid) saved the health service money - it was not more effective than placebo and did not lead to savings - but knowing more about this would be useful in future. Some evidence is also available for often overlooked OTC products.

So, what we have is relatively conclusive evidence for some products. When we looked at surveys of what people commonly take,chamomile, lavender, lemon balm, and echiumemerged as commonly consumed products with an emerging evidence base, which we recommend be studied further. Other commonly used herbal medicines for depressive symptoms are ginseng, gingko, lime flowers, orange blossom, and peppermint, but no studies have evaluated these products. Thus, our study has pioneered an exploration into what research is needed to further assess such widely used health care products.
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Think it's just aging? Why dementia is missed for 3.5 years on average | ScienceDaily
People with dementia are diagnosed an average of 3.5 years after symptoms are first noticed, or even longer (4.1 years) for those with early-onset dementia, finds a new study led by UCL researchers.


						
The study, published in the International Journal of Geriatric Psychiatry, is the first systematic review and meta-analysis of global evidence examining time to diagnosis in dementia.

The researchers reviewed data from 13 previously published studies which took place in Europe, US, Australia and China, reporting data on 30,257 participants.

The research team was investigating the average interval between symptom onset (rated by patients or family carers using interviews or medical records) to the final diagnosis of dementia.

Lead author Dr Vasiliki Orgeta (UCL Division of Psychiatry) said: "Timely diagnosis of dementia remains a major global challenge, shaped by a complex set of factors, and specific healthcare strategies are urgently needed to improve it. Other studies estimate that only 50-65% of cases are ever diagnosed in high-income countries, with many countries having even lower diagnostic rates.

"Timely diagnosis can improve access to treatments and for some people prolong the time living with mild dementia before symptoms worsen."

In a pooled meta-analysis of 10 of the included studies, the researchers found that it typically takes 3.5 years from the first alert of symptoms to a patient receiving a diagnosis of dementia, or 4.1 years for those with early-onset dementia, with some groups more likely to experience longer delays.




They found that younger age at onset and having frontotemporal dementia were both linked to longer time to diagnosis. While data on racial disparities was limited, one of the studies reviewed found that black patients tended to experience a longer delay before diagnosis.

Dr Orgeta said: "Our work highlights the need for a clear conceptual framework on time to diagnosis in dementia, developed in collaboration with people with dementia, their carers, and supporters."

Dr Phuong Leung (UCL Division of Psychiatry) said: "Symptoms of dementia are often mistaken for normal aging, while fear, stigma, and low public awareness can discourage people from seeking help."

Professor Rafael Del-Pino-Casado, of the University of Jaen, Spain, said: "Within healthcare systems, inconsistent referral pathways, limited access to specialists, and under-resourced memory clinics can create further delays. For some, language differences or a lack of culturally appropriate assessment tools can make access to timely diagnosis even harder."

Dr Orgeta added: "To speed up dementia diagnosis, we need action on multiple fronts. Public awareness campaigns can help improve understanding of early symptoms and reduce stigma, encouraging people to seek help sooner. Clinician training is critical to improve early recognition and referral, along with access to early intervention and individualized support so that people with dementia and their families can get the help they need."
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Decades of chemistry rewritten: A textbook reaction just flipped | ScienceDaily
Speeding up chemical reactions is key to improving industrial processes or mitigating unwanted or harmful waste. Realizing these improvements requires that chemists design around documented reaction pathways. Now, a team of Penn State researchers has found that a fundamental reaction called oxidative addition can follow a different path to achieve the same ends, raising the question of whether this new order of events has been occurring all along and potentially opening up new space for chemical design.


						
A paper describing the research appeared June 23, 2025 in the Journal of the American Chemical Society.

The reactions of organic compounds -- those containing carbon, hydrogen, oxygen and a few other elements -- are limited by the bonding patterns and electron arrangements specific to organic elements. More electron arrangements are available in transition metals, another type of element that includes, for example, platinum and palladium. When transition metals interact with organic compounds, this added layer of complexity can modify the electron structure of organic compounds leading to a wider diversity of potential reactions, including breaking chemical bonds and catalyzing reactions not possible among purely organic compounds. Understanding the diversity of ways these chemical reactions can occur could help chemists design ways to exploit transition metals to increase the efficiency of industrial processes or find new solutions that could, for example, help reduce environmental pollutants, according to the researchers.

"Transition metals have properties that allow them to 'break the rules' of organic chemistry," said Jonathan Kuo, assistant professor of chemistry in the Eberly College of Science at Penn State and the leader of the research team. "As an example, even though biological systems are largely considered to be organic, much of the chemistry in cells occurs at active sites, where metallic co-factors actually drive the reactivity. Transition metals are also used to catalyze industrial-scale chemical reactions. General understanding as to how these reactions work is a way to approach the efficiency of nature or even invent reactions that don't have a known analogy in nature."

Chemical reactions occur because the atoms that compose molecules "want" to be in a state that is more stable. This stabilization is accomplished mainly by rearranging electrons amongst orbitals -- the cloudlike regions around atomic nuclei where electrons are likely to be located. A hydrogen atom, for example, has only one electron that lives in a "1s" orbital. However, two hydrogen atoms can bond to make dihydrogen (H2), where the two 1s orbitals mix to make two hybrid orbitals. The more stable of the two hybrid orbitals hosts the two electrons, resulting in a net energy savings and more stability. Larger, more complex elements can have multiple s-orbitals with different energy levels as well as p-, d- and f-orbitals, which have varied shapes and capacity, leading to more diversity in electronic structure and more possible types of chemical reactions.

"In nature, a hydrogen atom can only support its electron using its only orbital resource, the 1s orbital," Kuo said. "But two hydrogen atoms can get together and say, 'we have two electrons and two orbital resources, what's the most efficient way to share the burden amongst our resources. Most organic elements have only s- and p-orbitals, but the transition metals add d-orbitals to the mix."

In most descriptions of oxidative addition, transition metals are said to donate their electrons to organic substrates during the binding process. The close proximity of the organic molecule to the transition metal allows the two sets of orbitals to mix, driving many types of reactions. Because of this, there has been much effort to develop transition metal compounds that are electron dense, which would potentially make them more powerful activators.




"It has, however, been noted that some oxidative additions are a little different," Kuo said. "A subgroup are actually accelerated by transition metal compounds that are electron deficient. We were able to identify a plausible explanation, where instead of the transition metal donating elections, the first step in the reaction involved electrons moving from an organic molecule to the transition metal. This type of electron flow, known as heterolysis, is well-known, but had not previously been observed to result in a net oxidative addition."

The research team used compounds containing the transition metals platinum and palladium -- which were not electron dense -- and exposed them to hydrogen gas. They then used nuclear magnetic resonance (NMR) spectroscopy to monitor changes to the transition metal complex. In this way, they could observe an intermediate step that indicates hydrogen had donated its electrons to the metal complex, prior to approaching a final resultant state that was indistinguishable from oxidative addition.

"We are excited to add this new play to the transition metal playbook," Kuo said. "Showing that this can occur opens up new and exciting ways we might use transition metal chemistry. I am especially interested in finding reactions that could break down stubborn pollutants."

In addition to Kuo, the research team includes first author Nisha Rao, a graduate student in chemistry at Penn State. The Penn State Eberly College of Science supported this research.
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An 'impossible' 20-electron molecule challenges 100 years of chemistry | ScienceDaily
For over a century, the well-known 18-electron rule has guided the field of organometallic chemistry. Now, researchers at Okinawa Institute of Science and Technology (OIST) have successfully synthesized a novel organometallic compound that challenges this longstanding principle. They have created a stable 20-electron derivative of ferrocene, an iron-based metal-organic complex, which could lead to exciting possibilities in chemical science.  


						
"For many transition metal complexes, they are most stable when surrounded by 18 formal valence electrons. This is a chemical rule of thumb on which many key discoveries in catalysis and materials science are based," said Dr. Satoshi Takebayashi, lead author of the paper published in Nature Communications, in collaboration with scientists from Germany, Russia, and Japan. Ferrocene is a classic example that embodies this rule. "We have now shown for the first time that it is possible to synthesize a stable 20-electron ferrocene derivative," he added.

This breakthrough improves our understanding of the structure and stability of metallocenes, a class of compounds known for their characteristic "sandwich" structure, in which a metal atom sits between two organic rings. 

Rebuilding our conceptual understanding 

First synthesized in 1951, ferrocene revolutionized chemistry with its unexpected stability and unique structure, eventually earning its discoverers the 1973 Nobel Prize in Chemistry. In many ways, ferrocene opened a new chapter in our understanding of metal-organic bonding and launched the modern field of organometallic chemistry, which continues to inspire generations of scientists to explore metal-organic compounds. 

This new study builds on that foundation. By designing a novel ligand system, the team was able to stabilize a ferrocene derivative with 20 valence electrons, coordination chemistry that was previously considered improbable. "Moreover, the additional two valence electrons induced an unconventional redox property that holds potential for future applications," Dr. Takebayashi noted. This is important because even though ferrocene is already used in reactions involving electron transfer, known as redox reactions, it has traditionally been limited to a narrow range of oxidation states. By enabling access to new oxidation states through the formation of an Fe-N bond in this derivative, it expands the ways in which ferrocene can gain or lose electrons. As a result, it could become even more useful as a catalyst or functional material across a variety of fields, from energy storage to chemical manufacturing. 

Understanding how to break and rebuild the rules of chemical stability enables researchers to design molecules with tailor-made properties. These insights could inspire new research aimed at advancing sustainable chemistry, including the development of green catalysts and next-generation materials. 

A platform for future innovation 




Ferrocene derivatives have already made their way into various technologies, from solar cells and pharmaceuticals to medical devices and advanced catalysts. By expanding the conceptual toolkit available to chemists, this latest breakthrough could help build on and diversify these applications while inspiring entirely new ones. 

The Organometallic Chemistry Group at OIST focuses on uncovering the fundamental principles that govern metal-organic interactions and applying them to real-world challenges. The team has a special interest in unconventional compounds that defy standard chemical rules, such as the 20-electron ferrocene derivative reported in this study. 

This work was supported by the Japan Society for the Promotion of Science (JSPS), the JSPS Program for Forming Japan's Peak Research Universities, the Instrumental Analysis and Engineering Sections of the Okinawa Institute of Science and Technology Graduate University (OIST), and the OIST Buribushi Fellowship. 




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250727235814.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Can AI predict cancer? New model uses genomics to simulate tumors | ScienceDaily
In the same vein as weather forecast models that predict developing storms, researchers now have developed a method to predict the cell activity in tissues over time. The new software combines genomics technologies with computational modeling to predict cell changes in behavior, such as communication between cells that could cause cancer cells to flourish.


						
Researchers at the University of Maryland School of Medicine's (UMSOM) Institute for Genome Sciences (IGS) co-led the study that published online on July 25 in the journal Cell. It is the result of a multi-year, multi-lab project at the interface of software development with important collaborations between bench and clinical team science researchers. This research eventually could lead to computer programs that could help determine the best treatment for cancer patients by essentially creating a "digital twin" of the patient.

"Although standard biomedical research has made immeasurable strides in characterizing cellular ecosystems with genomics technologies, the result is still a single snapshot in time -- rather than showing how diseases, like cancer, can arise from communication between the cells," said Jeanette Johnson, PhD, a Postdoc Fellow at the Institute for Genome Sciences (IGS) at UMSOM and co-first author of this study. "Cancer is controlled or enabled by the immune system, which is highly individualized; this complexity makes it difficult to make predictions from human cancer data to a specific patient."

What makes this research unique is the use of a plain-language "hypothesis grammar" that uses common language as a bridge between biological systems and computational models and simulates how cells act in tissue.

Paul Macklin, PhD, Professor of Intelligence Systems Engineering at Indiana University led a team of researchers who developed the grammar to describe cell behavior. This grammar allows scientists to use simple English language sentences to build digital representations of multicellular biological systems and enabled the team to develop computational models for diseases as complex as cancer.

"As much as this new 'grammar' enables communication between biology and code, it also enables communication between scientists from different disciplines to leverage this modeling paradigm in their research," said Daniel Bergman, PhD, a scientist at IGS and Assistant Professor of Pharmacology and Physiology at UMSOM and co-leading author with Dr. Johnson.

Dr. Bergman and his colleagues at IGS then combined this grammar with genomic data from real patient samples to study breast and pancreatic cancer, with technologies such as spatial transcriptomics.




In breast cancer, the IGS team modeled an effect where the immune system cannot curtail tumor cell growth and instead promotes invasion and cancer spread. They adapted this computational modeling framework to simulate a real-world immunotherapy clinical trial of pancreatic cancer.

Using genomics data from untreated tissue samples of pancreatic cancer, the model predicted that each virtual "patient" had a different response to the immunotherapy treatment -- showcasing the importance of cellular ecosystems for precision oncology. For example, pancreatic cancer is a difficult cancer to treat, in part, because it is often surrounded by a dense structure of non-cancerous cells called fibroblasts. The team used new spatial genomics technology to further demonstrate the ways fibroblasts communicate with tumor cells. The program allowed the scientists to follow the growth and progression of pancreatic tumors to invasion from real patient tissue.

"What makes these models so exciting to me as someone who studies immunology is that they can be informed, initialized, and built upon using both laboratory and human genomics data," said Dr. Johnson. "Immune cells are amazing and follow rules of behavior that can be programmed into one of these models. So, for instance, we can take data and treat it as a snapshot of what the human immune system is doing, and this framework gives us a sandbox to freely investigate our hypotheses of what's happening there over time without extra costs or risk to patients."

"Ever since my transitioning from my training in weather prediction at the University of Maryland, College Park into computation, I have believed that we could apply the same principles to work across biological systems to make predictive models in cancer. I am struck by how many rules of biology we don't yet know," said Elana J. Fertig, PhD, Director of IGS, Associate Director of Quantitative Sciences for the Greenebaum Comprehensive Center, and Professor of Medicine and Epidemiology at UMSOM and a lead author on the study. "Adapting this approach to genomics technologies gives us a virtual cell laboratory in which we can conduct experiments to test the implications of cellular rules entirely in silico."

Dr. Fertig calls the research "a tapestry of team science" with additional validation of the computational models coming from clinical collaborators at Johns Hopkins University and Oregon Health Sciences University. The National Foundation for Cancer Research funded the project.

The new grammar is open source so that all scientists can benefit from it. "By making this tool accessible to the scientific community, we are providing a path forward to standardize such models and make them generally accepted," said Dr. Bergman. To demonstrate this generalizability, Genevieve Stein-O'Brien, PhD, the Terkowitz Family Rising Professor of Neuroscience and Neurology at Johns Hopkins School of Medicine (JHSOM) led researchers in using this approach in a neuroscience example in which the program simulated the creation of layers as the brain develops.

"With this work from IGS, we have a new framework for biological research since researchers can now create computerized simulations of their bench experiments and clinical trials and even start predicting the effects of therapies on patients," said Mark T. Gladwin, MD, Vice President for Medical Affairs at the University of Maryland, Baltimore, and the John Z. and Akiko K. Bowers Distinguished Professor and UMSOM Dean. "This has important applications to enable digital twins and virtual clinical trials in cancer and beyond. We look forward to future work extending this computational modeling of cancer to the clinic."

The team of senior authors on this study include, Paul Macklin, PhD, Associate Dean for Undergraduate Education and Professor of Intelligent Systems Engineering at the Indiana School of Informatics, Computing and Engineering at Indiana University, Genevieve Stein-O'Brien, Bloomberg Assistant Professor of Neuroscience and Assistant Director Single-Cell Training and Analysis Center (STAC) at Johns Hopkins University, and Dr. Fertig are continuing efforts to disseminate this software and extend its integration with genomics data for automatic model formulation through the National Cancer Institute (NCI) Informatics Technology in Cancer Research Consortium, who funded this study. Additional benchmarking of this study and applications of the software to breast and pancreatic cancer are supported from numerous NCI grants, the Jayne Koskinas Ted Giovanis Foundation, the National Foundation for Cancer Research, the Cigarette Restitution Fund Program from the State of Maryland, and the Lustgarten Foundation.
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COVID vaccines saved 2. 5M lives globally-a death averted per 5,400 shots | ScienceDaily
Thanks to vaccinations against SARS-CoV-2 in the period 2020-2024 2.533 million deaths were prevented at global level, one death was avoided for every 5,400 doses of vaccine administered. The 82% of the lives saved by vaccines involved people vaccinated before encountering the virus, 57% during the Omicron period, and 90% involved people aged 60 years and older. In all, vaccines have saved 14.8 million years of life (one year of life saved for 900 doses of vaccine administered).


						
These are some of the data released in an unprecedented study published in the journal Jama Health Forum and coordinated by Prof. Stefania Boccia, Stefania Boccia, Professor of General and Applied Hygiene at Universita Cattolica, with contributions from Dr. Angelo Maria Pezzullo, Researcher in General and Applied Hygiene, and Dr. Antonio Cristiano, a medical resident in Hygiene and Preventive Medicine. The two researchers spent a period at Stanford University, collaborating directly with the group of Professor John P.A. Ioannidis, director of the Meta-Research Innovation Center (METRICS), in the context of the project "European network staff eXchange for integrAting precision health in the health Care sysTems- ExACT" funded by the European Research Excellence Programme RISE project-Marie Slodowska Curie and coordinated by Professor Stefania Boccia.

Professor Boccia and Dr. Pezzullo explain: "Before ours, several studies tried to estimate lives saved by vaccines with different models and in different periods or parts of the world, but this one is the most comprehensive because it is based on worldwide data, it also covers the Omicron period, it also calculates the number of years of life that was saved, and it is based on fewer assumptions about the pandemic trend."

The Study

The experts studied worldwide population data, applying a series of statistical methods to figure out who among the people who became ill with COVID did either before or after getting vaccinated, before or after Omicron period, and how many of them died (and at what age). "We compared this data with the estimated data modeled in the absence of COVID vaccination and were then able to calculate the numbers of people who were saved by COVID vaccines and the years of life gained as a result of them," Dr Pezzullo explains.

It also turned out that most of the saved years of life (76%) involved people over 60 years of age, but residents in long-term care facilities contributed only with 2% of the total number. Children and adolescents (0.01% of lives saved and 0.1% of life years saved) and young adults aged 20-29 (0.07% of lives saved and 0.3% of life years saved) contributed very little to the total benefit.

Professor Boccia concludes: "These estimates are substantially more conservative than previous calculations that focused mainly on the first year of vaccination, but clearly demonstrate an important overall benefit from COVID-19 vaccination over the period 2020-2024. Most of the benefits, in terms of lives and life-years saved, have been secured for a portion of the global population who is typically more fragile, the elderly."
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Deep-sea fish just changed what we know about Earth's carbon cycle | ScienceDaily
A new study offers the first direct evidence that deep-dwelling mesopelagic fish, which account for up to 94 percent of global fish biomass, excrete carbonate minerals at rates comparable to shallow-water species. The findings validate previous global models suggesting that marine fish are major contributors to biogenic carbonate production in the ocean.


						
Scientists at the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science studied the blackbelly rosefish (Helicolenus dactylopterus), a deep-sea species living at depths of 350-430 meters (1,148-1,410 feet), to determine whether it forms and excretes intestinal carbonate -- known as ichthyocarbonate. This physiological process, common among marine fish, helps maintain internal salt and water balance in saline environments and plays a critical role in marine carbon cycling.

"Mesopelagic fish live in deep, cold, high-pressure environments, and until now, it was unclear if they produced carbonate like shallow water fish do -- or at what rate," Martin Grosell, the lead author of the study and chair of the Department of Marine Biology and Ecology at the Rosenstiel School, said. "This study is the first to confirm that they do and that the mechanisms and characteristics of ichthyocarbonate formation are remarkably consistent across depths."

The blackbelly rosefish was an ideal model. Unlike many mesopelagic species, it lacks a swim bladder and can survive both capture and lab acclimation. Researchers maintained specimens at 6 degrees Celsius, replicating their natural habitat, and found they excreted approximately 5 milligrams of ichthyocarbonate per kilogram per hour, aligning with predictions from thermal and metabolic scaling models.

"This research fills a major gap in our understanding of ocean chemistry and carbon cycling," Amanda Oehlert, co-author and assistant professor in the Department of Marine Geosciences, said. "With mesopelagic fish playing such a significant role, their contribution to carbonate flux -- and how it might change with warming oceans -- deserves greater attention."

Key findings include:
    	Deep-sea blackbelly rosefish produce carbonate at rates and compositions comparable to shallower fish, confirming that depth and pressure do not inhibit ichthyocarbonate formation.
    	These results strengthen global estimates of fish-derived carbonate production, confirming that mesopelagic fish are substantial contributors to the ocean's carbonate budget.
    	Ichthyocarbonate composition is similar regardless of the depth at which it forms, which influences how and where it is stored or dissolved in the ocean.

"These results offer strong support for global models of fish-derived carbonate production, which had assumed -- but not verified -- that mesopelagic species contribute at similar rates," Grosell said. "Mesopelagic fish aren't just prey; they're chemical engineers of the ocean."

The study underscores the importance of ichthyocarbonate in the ocean carbon cycle, especially given the vast, underexplored biomass of the mesopelagic zone.




The authors say the findings open new avenues for studying deep-sea carbon dynamics and may improve Earth system models, which are sophisticated computer models that incorporate interactions between physical, chemical, and biological processes, such as biological carbon production and export.

The study, titled "Osmoregulation by the gastro-intestinal tract of marine fish at depth -- implications for the global carbon cycle," was published on July 15, 2025 in the Journal of Experimental Biology. The authors are Martin Grosell, Bret Marek, Sarah Wells, Carolyn Pope, Cameron Sam, Rachael M. Heuer, and Amanda M. Oehlert, all from the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science.

Funding for the study was provided by the National Science Foundation Chemical Oceanography Program and Earth Sciences Instrumentation and Facilities, and the University of Miami Rosenstiel School's Departments of Marine Biology and Ecology and Marine Geosciences.
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Scientists discover the receptor that helps your brain clean itself-and fight Alzheimer's | ScienceDaily
UCSF scientists have discovered how microglia engulf and break down amyloid beta, a protein that builds up in Alzheimer's, with devastating consequences for the brain.


						
In Alzheimer's disease, proteins like amyloid beta form clumps, known as plaques, that damage the brain.

But in some people, immune cells called microglia break down these proteins before they can cause harm. This leads to fewer and smaller clumps -- and much milder symptoms.

Researchers at UC San Francisco identified a molecular receptor that enables microglia to gobble up and digest amyloid beta plaques.

Without the receptor, ADGRG1, the microglia barely nibbled on the toxic protein. Using a mouse model of Alzheimer's disease, the researchers observed how the loss of ADGRG1 led to the rapid buildup of amyloid plaques, neurodegeneration, and problems with learning and memory.

"We think this receptor helps microglia do their job of keeping the brain healthy over many years," said Xianhua Piao, MD, PhD, a physician-scientist in the UCSF Department of Pediatrics.

Indeed, when the researchers reanalyzed a prior study of gene expression in the human brain, they found that individuals who died of mild Alzheimer's had microglia with abundant ADGRG1, and mild cognitive impairment -- implying that the microglia ate well and kept the disease in check. But in those who died of severe Alzheimer's, the microglia had very little ADGRG1, and the plaques proliferated.




ADGRG1 is one of hundreds of G protein-coupled receptors, which are routinely targeted in drug development. This bodes well for a rapid translation of the discovery into new therapies.

"Some people are lucky to have responsible microglia," Piao said. "But this discovery creates an opportunity to develop drugs to make microglia effective against amyloid-beta in everyone."

Authors: Other UCSF authors are Beika Zhu, PhD, Andi Wangzhou, PhD, Diankun Yu, PhD, Tao Li, PhD, Rachael Schmidt, Stacy L. De Florencio, Lauren Chao, RN, Alicia L. Thurber, Minqi Zhou, Zeina Msheik, PhD, Yonatan Perez, PhD, Lea T. Grinberg, MD, PhD, Salvatore Spina, MD, PhD, Richard M. Ransohoff, MD, Arnold R. Kriegstein, MD, PhD, William W. Seeley, MD, and Tomasz Nowakowski, PhD.

Funding: This work was funded in part by the National Institutes of Health (P01AG019724, P50AG023501, R01NS094164, R01NS108446, K99AG081694), the Consortium for Frontotemporal Dementia Research, the Tau Consortium, the Alzheimer's Association (23AARG-NTF-1030341), the Cure Alzheimer's Fund, and the BrightFocus foundation postdoctoral fellowship (A2021020F).
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Scientists discover salt that makes batteries last 10x longer | ScienceDaily
Scientists at King Abdullah University of Science and Technology (KAUST; Saudi Arabia) have uncovered a critical molecular cause keeping aqueous rechargeable batteries from becoming a safer, economical option for sustainable energy storage. Their findings, published in Science Advances, reveal how water compromises battery life and performance and how the addition of affordable salts - such as zinc sulfate - mitigates this issue, even increasing the battery lifespan by more than ten times.


						
One of the key determinants to the lifespan of a battery - aqueous or otherwise - is the anode. Chemical reactions at the anode generate and store the battery's energy. However, parasitic chemical reactions degrade the anode, compromising the battery lifespan.

The new study shows how free water contributes to these parasitic reactions and how zinc sulfate reduces the amount of free water in the battery.

"Our findings highlight the importance of water structure in battery chemistry, a key parameter that has been previously overlooked," said KAUST Professor and Chair of the KAUST Center of Excellence for Renewable Energy and Storage Technologies (CREST) Husam Alshareef, the principal investigator leading the study.

Free water describes water molecules that are not strongly bonded with other molecules. This state allows free water to engage with more molecules than otherwise, triggering unwanted reactions that consume energy and compromise the anode.

Sulfate was found to stabilize the bonds of free water, acting as what the KAUST team describes as a "water glue," to change dynamics of the water molecules that reduces the number of parasitic reactions.

While the bulk of experiments by the KAUST researchers were done on batteries using zinc sulfate, early investigation has shown that sulfate has the same effect on other metal anodes, suggesting the inclusion of sulfate salts into the battery design could be a universal solution for lengthening the lifespan of all aqueous batteries.

"Sulfate salts are cheap, widely available and chemically stable, making our solution scientifically and economically viable," said KAUST Research Scientist Yunpei Zhu, who conducted the bulk of the experiments.

Aqueous batteries are gaining significant global attention as a sustainable solution for large-scale energy storage and are projected to exceed a market size of $10 billion by 2030. Unlike lithium batteries, which are often used in electric vehicles, aqueous batteries offer a safer and more sustainable option for integrating renewable energy sources like solar power into electrical grids.

KAUST Professors Omar Mohammed, Omar Bakr, Xixiang Zhang, and Mani Sarathy also contributed to the study.
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Satellites just revealed a hidden global water crisis-and it's worse than melting ice | ScienceDaily
New findings from studying over two decades of satellite observations reveal that the Earth's continents have experienced unprecedented freshwater loss since 2002, driven by climate change, unsustainable groundwater use and extreme droughts. The study, led by Arizona State University and published on July 25 in Science Advances, highlights the emergence of four continental-scale "mega-drying" regions, all located in the northern hemisphere, and warns of severe consequences for water security, agriculture, sea level rise and global stability.


						
The research team reports that drying areas on land are expanding at a rate roughly twice the size of California every year. And, the rate at which dry areas are getting drier now outpaces the rate at which wet areas are getting wetter, reversing long-standing hydrological patterns.

The negative implications of this for available freshwater are staggering. 75% of the world's population lives in 101 countries that have been losing freshwater for the past 22 years. According to the United Nations, the world's population is expected to continue to grow for the next 50 to 60 years -- at the same time the availability of freshwater is dramatically shrinking.

The researchers identified the type of water loss on land, and for the first time, found that 68% came from groundwater alone -- contributing more to sea level rise than the Greenland and Antarctic ice sheets combined.

"These findings send perhaps the most alarming message yet about the impact of climate change on our water resources," said Jay Famiglietti, the study's principal investigator and a Global Futures Professor with the ASU School of Sustainability. "Continents are drying, freshwater availability is shrinking, and sea level rise is accelerating. The consequences of continued groundwater overuse could undermine food and water security for billions of people around the world. This is an 'all-hands-on-deck' moment -- we need immediate action on global water security."

The researchers evaluated more than two decades of data from the US-German Gravity Recovery and Climate Experiment (GRACE) and GRACE-Follow On (GRACE-FO) missions, looking at how and why terrestrial water storage has changed since 2002. Terrestrial water storage includes all of Earth's surface and vegetation water, soil moisture, ice, snow, and groundwater stored on land.

"It is striking how much non-renewable water we are losing," said Hrishikesh A. Chandanpurkar, lead author of the study and a research scientist for ASU. "Glaciers and deep groundwater are sort of ancient trust funds. Instead of using them only in times of need such as a prolonged drought, we are taking them for granted. Also, we are not trying to replenish the groundwater systems during wet years and thus edging towards an imminent freshwater bankruptcy."

Tipping point and worsening continental drying




The study identified what seems to be a tipping point around 2014-15 during a time considered "mega El-Nino" years. Climate extremes began accelerating and in response, groundwater use increased and continental drying exceeded the rates of glacier and ice sheet melting.

Additionally, the study revealed a previously unreported oscillation where after 2014, drying regions flipped from being located mostly in the southern hemisphere to mostly in the north, and vice versa for wet regions.

One of the key drivers contributing to continental drying is the increasing extremes of drought in the mid-latitudes of the northern hemisphere, for example, in Europe. Additionally, in Canada and Russia, snow, ice, and permafrost melting increased over the last decade, and the continued depletion of groundwater globally is a major factor.

In a previous study, members of the team studied terrestrial water storage from satellite data spanning 2002 -- 2016. In the new study, the team looked at more than 20 years of data and discovered a critical, major development in continental drying. Several regional drying patterns and previously identified localized 'hotspots' for terrestrial water storage loss are now interconnected -- forming the four continental-scale mega drying regions.

These include:
    	    Southwestern North America and Central America: this region includes major food-producing regions across the American Southwest, along with major desert cities such as Phoenix, Tucson, Las Vegas, and major metropolitan areas such as Los Angeles and Mexico City.
    
    	    


Alaska and Northern Canada: this region includes melting alpine glaciers in Alaska and British Columbia, snow and permafrost melting across the Canadian high latitudes, and drying in major agricultural regions such as British Columbia and Saskatchewan
    
    	    Northern Russia: this region is experiencing major snow and permafrost melting across the high latitudes
    
    	    Middle East-North Africa (MENA) Pan-Eurasia: this region includes major desert cities including Dubai, Casablanca, Cairo, Baghdad and Tehran; major food producing regions including Ukraine, northwest India, and China's North China Plain region; the shrinking Caspian and Aral Seas; and major cities such as Barcelona, Paris, Berlin, Dhaka and Beijing.
    

In fact, the study showed that since 2002, only the tropics have continued to get wetter on average by latitude, something not predicted by IPCC (Intergovernmental Panel on Climate Change) climate models -- sophisticated computer programs used to project future climate scenarios. Continuous records are critical in understanding the long-term changes in the water cycle.

"This study really shows how important it is to have continuous observations of a variable such as terrestrial water storage," said Chandanpurkar. "GRACE records are really getting to the length where we are able to robustly see long-term trends from climate variability. More in-situ observations and data sharing would further support in making this separation and inform water management."

A Planetary Wake-Up Call

The unprecedented scale of continental drying threatens agriculture and food security, biodiversity, freshwater supplies and global stability. The current study highlights the need for ongoing research at scale to inform policymakers and communities about worsening water challenges and opportunities to create meaningful change.

"This research matters. It clearly shows that we urgently need new policies and groundwater management strategies on a global scale," said Famiglietti, who is also with the Julie Ann Wrigley Global Futures Laboratory and a former Senior Water Scientist at NASA's Jet Propulsion Laboratory. "While efforts to mitigate climate change are facing challenges, we can address continental drying by implementing new policies around regional and international groundwater sustainability. In turn, this will slow the rate of sea level rise and help preserve water for future generations."

The study calls for immediate action to slow and reverse groundwater depletion, protect remaining freshwater resources, and adapt to the growing risk of water scarcity and coastal flooding. The research team goes on to say that strategic water management, international cooperation, and sustainable policies are essential to preserving water for future generations and mitigating further damage to planetary systems.

The research will also support an upcoming World Bank Group flagship report that will delve deeper into these findings, including the human and economic implications of continental drying, and present actionable solutions for countries to address the growing freshwater crisis.

About the Study

The findings are based on over 22 years of terrestrial water storage data from US-German GRACE and GRACE-FO satellite missions. The full report details the scientific analyses and regional breakdowns of the drying trends, which have proven robust and persistent despite climate variability.

The research team includes scientists from Arizona State University; Hrishikesh A. Chandanpurkar, FLAME University; John T. Reager and David N. Wiese, JPL; Kaushik Gopalan and Yoshihide Wada, King Abdullah University of Science and Technology; Kauru Kakinuma, Korea Advanced Institute of Science and Technology; and Fan Zhang, The World Bank.

This research was funded by the Julie Ann Wrigley Global Futures Laboratory at Arizona State University, the GRACE Follow-On Science Team, and World Bank Global Water Monitoring.
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Trapped by moon dust: The physics error that fooled NASA for years | ScienceDaily
When a multimillion-dollar extraterrestrial vehicle gets stuck in soft sand or gravel -- as did the Mars rover Spirit in 2009 -- Earth-based engineers take over like a virtual tow truck, issuing a series of commands that move its wheels or reverse its course in a delicate, time-consuming effort to free it and continue its exploratory mission.


						
While Spirit remained permanently stuck, in the future, better terrain testing right here on terra firma could help avert these celestial crises.

Using computer simulations, University of Wisconsin-Madison mechanical engineers have uncovered a flaw in how rovers are tested on Earth. That error leads to overly optimistic conclusions about how rovers will behave once they're deployed on extraterrestrial missions.

An important element in preparing for these missions is an accurate understanding of how a rover will traverse extraterrestrial surfaces in low gravity to prevent it from getting stuck in soft terrain or rocky areas.

On the moon, the gravitational pull is six times weaker than on Earth. For decades, researchers testing rovers have accounted for that difference in gravity by creating a prototype that is a sixth of the mass of the actual rover. They test these lightweight rovers in deserts, observing how it moves across sand to gain insights into how it would perform on the moon.

It turns out, however, that this standard testing approach overlooked a seemingly inconsequential detail: the pull of Earth's gravity on the desert sand.

Through simulation, Dan Negrut, a professor of mechanical engineering at UW-Madison, and his collaborators determined that Earth's gravity pulls down on sand much more strongly than the gravity on Mars or the moon does. On Earth, sand is more rigid and supportive -- reducing the likelihood it will shift under a vehicle's wheels. But the moon's surface is "fluffier" and therefore shifts more easily -- meaning rovers have less traction, which can hinder their mobility.




"In retrospect, the idea is simple: We need to consider not only the gravitational pull on the rover but also the effect of gravity on the sand to get a better picture of how the rover will perform on the moon," Negrut says. "Our findings underscore the value of using physics-based simulation to analyze rover mobility on granular soil."

The team recently detailed its findings in the Journal of Field Robotics.

The researchers' discovery resulted from their work on a NASA-funded project to simulate the VIPER rover, which had been planned for a lunar mission. The team leveraged Project Chrono, an open-source physics simulation engine developed at UW-Madison in collaboration with scientists from Italy. This software allows researchers to quickly and accurately model complex mechanical systems -- like full-size rovers operating on "squishy" sand or soil surfaces.

While simulating the VIPER rover, they noticed discrepancies between the Earth-based test results and their simulations of the rover's mobility on the moon. Digging deeper with Chrono simulations revealed the testing flaw.

The benefits of this research also extend well beyond NASA and space travel. For applications on Earth, Chrono has been used by hundreds of organizations to better understand complex mechanical systems -- from precision mechanical watches to U.S. Army trucks and tanks operating in off-road conditions.

"It's rewarding that our research is highly relevant in helping to solve many real-world engineering challenges," Negrut says. "I'm proud of what we've accomplished. It's very difficult as a university lab to put out industrial-strength software that is used by NASA."

Chrono is free and publicly available for unfettered use worldwide, but the UW-Madison team puts in significant ongoing work to develop and maintain the software and provide user support.




"It's very unusual in academia to produce a software product at this level," Negrut says. "There are certain types of applications relevant to NASA and planetary exploration where our simulator can solve problems that no other tool can solve, including simulators from huge tech companies, and that's exciting."

Since Chrono is open source, Negrut and his team are focused on continually innovating and enhancing the software to stay relevant.

"All our ideas are in the public domain and the competition can adopt them quickly, which is drives us to keep moving forward," he says. "We have been fortunate over the last decade to receive support from the National Science Foundation, U.S. Army Research Office and NASA. This funding has really made a difference, since we do not charge anyone for the use of our software."

Co-authors on the paper include Wei Hu of Shanghai Jiao Tong University, Pei Li of UW-Madison, Arno Rogg and Alexander Schepelmann of NASA, Samuel Chandler of ProtoInnovations, LLC, and Ken Kamrin of MIT.

This work was supported by NASA STTR (80NSSC20C0252), the National Science Foundation (OAC2209791) and the U.S. Army Research Office, (W911NF1910431 and W911NF1810476).
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Scientists just invented a safer non-stick coating-and it's inspired by arrows | ScienceDaily
A new material developed by researchers from University of Toronto Engineering could offer a safer alternative to the non-stick chemicals commonly used in cookware and other applications.


						
The new substance repels both water and grease about as well as standard non-stick coatings -- but it contains much lower amounts of per- and polyfluoroalkyl substances (PFAS), a family of chemicals that have raised environmental and health concerns.

"The research community has been trying to develop safer alternatives to PFAS for a long time," says Professor Kevin Golovin, who heads the Durable Repellent Engineered Advanced Materials (DREAM) Laboratory at U of T Engineering.

"The challenge is that while it's easy to create a substance that will repel water, it's hard to make one that will also repel oil and grease to the same degree. Scientists had hit an upper limit to the performance of these alternative materials."

Since its invention in the late 1930s, Teflon -- also known as polytetrafluoroethylene or PTFE -- has become famous for its ability to repel water, oil and grease alike. Teflon is part of a larger family of substances known as per- and polyfluoroalkyl substances (PFAS).

PFAS molecules are made of chains of carbon atoms, each of which is bonded to several fluorine atoms. The inertness of carbon-fluorine bonds is responsible for the non-stick properties of PFAS.

However, this chemical inertness also causes PFAS to resist the normal processes that would break down other organic molecules over time. For this reason, they are sometimes called 'forever chemicals.'




In addition to their persistence, PFAS are known to accumulate in biological tissues, and their concentrations can become amplified as they travel up the food chain.

Various studies have linked exposure to high levels of PFAS to certain types of cancer, birth defects and other health problems, with the longer chain PFAS generally considered more harmful than the shorter ones.

Despite the risks, the lack of alternatives means that PFAS remain ubiquitous in consumer products: they are widely used not only in cookware, but also in rain-resistant fabrics, food packaging and even in makeup.

"The material we've been working with as an alternative to PFAS is called polydimethylsiloxane or PDMS," says Golovin.

"PDMS is often sold under the name silicone, and depending on how it's formulated, it can be very biocompatible -- in fact it's often used in devices that are meant to be implanted into the body. But until now, we couldn't get PDMS to perform quite as well as PFAS."

To overcome this problem, PhD student Samuel Au developed a new chemistry technique that the team is calling nanoscale fletching. The technique is described in a paper published in Nature Communications.




"Unlike typical silicone, we bond short chains of PDMS to a base material -- you can think of them like bristles on a brush," says Au.

"To improve their ability to repel oil, we have now added in the shortest possible PFAS molecule, consisting of a single carbon with three fluorines on it. We were able to bond about seven of those to the end of each PDMS bristle.

"If you were able to shrink down to the nanometer scale, it would look a bit like the feathers that you see around the back end of an arrow, where it notches to the bow. That's called fletching, so this is nanoscale fletching."

Au and the team coated their new material on a piece of fabric, then placed drops of various oils on it to see how well it could repel them. On a scale developed by the American Association of Textile Chemists and Colorists, the new coating achieved a grade of 6, placing it on par with many standard PFAS-based coatings.

"While we did use a PFAS molecule in this process, it is the shortest possible one and therefore does not bioaccumulate," says Golovin.

"What we've seen in the literature, and even in the regulations, is that it's the longest-chain PFAS that are getting banned first, with the shorter ones considered much less harmful. Our hybrid material provides the same performance as what had been achieved with long-chain PFAS, but with greatly reduced risk."

Golovin says that the team is open to collaborating with manufacturers of non-stick coatings who might wish to scale up and commercialize the process. In the meantime, they will continue working on even more alternatives.

"The holy grail of this field would be a substance that outperforms Teflon, but with no PFAS at all," says Golovin.

"We're not quite there yet, but this is an important step in the right direction."
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Is the air you breathe silently fueling dementia? A 29-million-person study says yes | ScienceDaily
An analysis of studies incorporating data from almost 30 million people has highlighted the role that air pollution - including that coming from car exhaust emissions - plays in increased risk of dementia.


						
Dementias such as Alzheimer's disease are estimated to affect more than 57.4 million people worldwide, a number that is expected to almost triple to 152.8 million cases by 2050. The impacts on the individuals, families and caregivers and society at large are immense.

While there are some indications that the prevalence of dementia is decreasing in Europe and North America, suggesting that it may be possible to reduce the risk of the disease at a population level, elsewhere the picture is less promising.

Air pollution has recently been identified as a risk factor for dementia, with several studies pointing the finger at a number of pollutants. However, the strength of evidence and ability to determine a causal effect has been varied.

In a paper published on July 24 in The Lancet Planetary Health, a team led by researchers at the Medical Research Council (MRC) Epidemiology Unit, University of Cambridge, carried out a systematic review and meta-analysis of existing scientific literature to examine this link further. This approach allowed them to bring together studies that on their own may not provide sufficient evidence, and which sometimes disagree with each other, to provide more robust overarching conclusions.

In total, the researchers included 51 studies, including data from more than 29 million participants, mostly from high-income countries. Of these, 34 papers were included in the meta-analysis: 15 originated in North America, 10 in Europe, seven in Asia, and two in Australia.

The researchers found a positive and statistically-significant association between three types of air pollutant and dementia. These were:
    	Particulate matter with a diameter of 2.5 microns or less (PM2.5), a pollutant made up of tiny particles small enough that they can be inhaled deep into the lungs. These particles come from several sources, including vehicle emissions, power plants, industrial processes, wood burning stoves and fireplaces, and construction dust. They also form in the atmosphere because of complex chemical reactions involving other pollutants such as sulphur dioxide and nitrogen oxides. The particles can stay in the air for a long time and travel a long way from where they were produced.

    	Nitrogen dioxide (NO2), one of the key pollutants that arise from burning fossil fuels. It is found in vehicle exhaust, especially diesel exhaust, and industrial emissions, as well as those from gas stoves and heaters. Exposure to high concentrations of nitrogen dioxide can irritate the respiratory system, worsening and inducing conditions like asthma and reducing lung function.
    	Soot, from sources such as vehicle exhaust emissions and burning wood. It can trap heat and affect the climate. When inhaled, it can penetrate deep into the lungs, aggravating respiratory diseases and increasing the risk of heart problems.

According to the researchers, for every 10 micrograms per cubic meter (mg/m3) of PM2.5, an individual's relative risk of dementia would increase by 17%. The average roadside measurement for PM2.5 in Central London in 2023 was 10 mg/m3.




For every 10 mg/m3 of NO2, the relative risk increased by 3%. The average roadside measurement for NO2 in Central London in 2023 was 33 mg/m3.

For each 1 mg/m3 of soot as found in PM2.5, the relative risk increased by 13%. Across the UK, annual mean soot concentrations measured at select roadside locations in 2023 were 0.93 mg/m3 in London, 1.51 mg/m3 in Birmingham and 0.65 mg/m3 Glasgow.

Senior author Dr Haneen Khreis from the MRC Epidemiology Unit said: "Epidemiological evidence plays a crucial role in allowing us to determine whether or not air pollution increases the risk of dementia and by how much. Our work provides further evidence to support the observation that long-term exposure to outdoor air pollution is a risk factor for the onset of dementia in previously healthy adults.

"Tackling air pollution can deliver long-term health, social, climate, and economic benefits. It can reduce the immense burden on patients, families, and caregivers, while easing pressure on overstretched healthcare systems."

Several mechanisms have been proposed to explain how air pollution may cause dementia, primarily involving inflammation in the brain and oxidative stress (a chemical process in the body that can cause damage to cells, proteins, and DNA). Both oxidative stress and inflammation play a well-established role in the onset and progression of dementia. Air pollution is thought to trigger these processes through direct entry to the brain or via the same mechanisms underlying lung and cardiovascular diseases. Air pollution can also enter circulation from the lungs and travel to solid organs, initiating local and wide-spread inflammation.

The researchers point out that the majority of people included in the published studies were white and living in high-income countries, even though marginalised groups tend to have a higher exposure to air pollution. Given that studies have suggested that reducing air pollution exposure appears to be more beneficial at reducing the risk of early death for marginalised groups, they call for future work to urgently ensure better and more adequate representation across ethnicities and low- and middle-income countries and communities.




Joint first author Clare Rogowski, also from the MRC Epidemiology Unit, said: "Efforts to reduce exposure to these key pollutants are likely to help reduce the burden of dementia on society. Stricter limits for several pollutants are likely to be necessary targeting major contributors such as the transport and industry sectors. Given the extent of air pollution, there is an urgent need for regional, national, and international policy interventions to combat air pollution equitably."

Further analysis revealed that while exposure to these pollutants increased the risk of Alzheimer's disease, the effect seemed stronger for vascular dementia, a type of dementia caused by reduced blood flow to the brain. Around 180,000 people in the UK are thought to be affected by this type of dementia. However, as there were only a small number of studies that examined this difference, the researchers did not class it as statistically significant.

Joint first author Dr Christiaan Bredell from the University of Cambridge and North West Anglia NHS Foundation Trust said: "These findings underscore the need for an interdisciplinary approach to dementia prevention. Preventing dementia is not just the responsibility of healthcare: this study strengthens the case that urban planning, transport policy, and environmental regulation all have a significant role to play."

The research was funded by the European Research Council under the Horizon 2020 research and innovation program and from the European Union's Horizon Europe Framework Programme.
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7000 steps a day cuts death risk by 47%-and that might be all you need | ScienceDaily
A major new study led by the University of Sydney suggests that walking 7000 steps a day offers similar health benefits across several outcomes as walking 10,000.


						il 7000 steps, at which point the benefits began to taper off
A major new study led by the University of Sydney suggests that walking 7000 steps a day offers similar health benefits across several outcomes as walking 10,000.

Led by Professor Melody Ding from the School of Public Health, the study was published in The Lancet Public Healthand analysed data from 57 studies from 2014 to 2025 that were conducted in more than ten countries including Australia, USA, UK and Japan.

The largest and most comprehensive review to date, the researchers examined the impact that different daily step counts have on the chance of dying from cardiovascular disease and cancer, and developing diseases such as cancer, type 2 diabetes, dementia and depression. Professor Melody Ding says the findings offer a more achievable benchmark for people who struggle to meet traditional exercise guidelines.

"Aiming for 7000 steps is a realistic goal based on our findings, which assessed health outcomes in a range of areas that hadn't been looked at before," said Professor Ding.

"However, for those who cannot yet achieve 7000 steps a day, even small increases in step counts, such as increasing from 2000 to 4000 steps a day, are associated with significant health gain.

"We know daily step count is linked to living longer, but we now also have evidence that walking at least 7000 steps a day can significantly improve eight major health outcomes -- including reducing risk of cardiovascular disease, dementia and depressive symptoms."

Health benefits at different step counts




The researchers looked at studies in which participants wore step counting devices, such as pedometers, accelerometers and fitness trackers, to track their daily step counts. Starting at 2000 steps, experts compared the health outcomes of people walking more steps a day at 1000 step increments to see whether there was any difference in the risk of early death or other major diseases.

When compared with 2000 steps a day, researchers found that:
    	Walking 7000 steps a day reduced the risk of death by 47 percent, which was almost identical to the benefit seen at walking 10,000 steps per day.
    	Dementia risk dropped by 38 percent from walking 7000 steps a day, with only a 7 percent extra reduction at 10,000 steps.
    	Risk of type 2 diabetes fell by 22 percent from walking 10,000 steps a day and reduced to 27 percent at 12,000 steps.
    	Significant health improvements were seen when people increased their average daily steps from 2000 to between 5000 and 7000 steps.

"For people who are already active, 10,000 steps a day is great," said Dr Katherine Owen, co-author and chief analyst of the study from the School of Public Health. "But beyond 7000 steps, the extra benefits for most of the health outcomes we looked at were modest."

The researchers are working with the Australian government to use the evidence from this study to inform future updates to physical activity guidelines.

"Our research helps to shift the focus from perfection to progress. Even small increases in daily movement can lead to meaningful health improvements," said Professor Ding.

Experts are calling for future studies to explore how step goals should vary based on age, health status and region, and to include diverse populations and longer-term data to strengthen the evidence. Professor Ding says this kind of detail is rare and will be useful for health practitioners when tailoring advice for patients.
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This plastic disappears in the deep sea-and microbes make it happen | ScienceDaily
Researchers have demonstrated a new eco-friendly plastic that decomposes in deep ocean conditions. In a deep-sea experiment, the microbially synthesized poly(d-lactate-co-3-hydroxybutyrate) (LAHB) biodegraded, while conventional plastics such as a representative bio-based polylactide (PLA) persisted. Submerged 855 meters (~2,800 feet) underwater, LAHB films lost over 80% of their mass after 13 months as microbial biofilms actively broke down the material. This real-world test establishes LAHB as a safer biodegradable plastic, supporting global efforts to reduce marine plastic waste.


						
Despite the growing popularity of bio-based plastics, plastic pollution remains one of the world's most pressing environmental issues. According to the OECD's Global Plastics Outlook (2022), about 353 million metric tons of plastic waste were produced globally in 2019, with nearly 1.7 million metric tons flowing directly into aquatic ecosystems. Much of this waste becomes trapped in large rotating ocean currents, known as gyres, forming the infamous "garbage patches" found in the Pacific, Atlantic, and Indian Oceans.

To tackle this, researchers have been searching for plastics that can be degraded more reliably in deep-sea environments. One promising candidate is poly(d-lactate-co-3-hydroxybutyrate) or LAHB, a lactate-based polyester biosynthesized using engineered Escherichia coli. So far, LAHB has shown strong potential as a biodegradable polymer that breaks down in river water and shallow seawater.

Now, in a study made available online on July 1, 2025, and published in Volume 240 of the journal Polymer Degradation and Stability on October 1, 2025, researchers from Japan have shown for the first time that LAHB can also get biodegraded under deep-sea conditions, where low temperatures, high pressure, and too limited nutrients make breakdown of plastic extremely difficult. The study was led by Professor Seiichi Taguchi at the Institute for Aqua Regeneration, Shinshu University, Japan, together with Dr. Shun'ichi Ishii from the Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Japan and Professor Ken-ichi Kasuya from Gunma University Center for Food Science and Wellness, Japan.

"Our study demonstrates for the first time that LAHB, a microbial lactate-based polyester, undergoes active biodegradation and complete mineralization even on the deep-sea floor, where conventional PLA remains completely non-degradable," explains Prof. Taguchi.

The research team submerged two types of LAHB films -- one containing about 6% lactic acid (P6LAHB) and another with 13% lactic acid (P13LAHB) -- alongside a conventional PLA film for comparison. The samples were submerged at a depth of 855 meters near Hatsushima Island, where deep-sea conditions, cold temperatures (3.6 degC), high salinity, and low dissolved oxygen levels make it hard for microbes to degrade plastic.

After 7 and 13 months of immersion, the LAHB films revealed clear signs of biodegradation under deep-sea conditions. The P13LAHB film lost 30.9% of its weight after 7 months and over 82% after 13 months. The P6LAHB film showed similar trends. By contrast, the PLA film showed no measurable weight loss or visible degradation during the same period, underscoring its resistance to microbial degradation. The surfaces of the LAHB films had developed cracks and were covered by biofilms made up of oval- and rod-shaped microbes, indicating that deep-sea microorganisms were colonizing and decomposing the LAHB plastic. The PLA film, however, remained completely free of biofilm.




To understand how the plastic decomposes, the researchers analyzed the plastisphere, the microbial community that formed on the plastic's surface. They found that different microbial groups played distinct roles. Dominant Gammaproteobacterial genera, including Colwellia, Pseudoteredinibacter, Agarilytica, and UBA7957, produced specialized enzymes known as extracellular poly[3-hydroxybutyrate (3HB)] depolymerases. These enzymes break down long polymer chains into smaller fragments like dimers and trimers. Certain species, such as UBA7959, also produce oligomer hydrolases (like PhaZ2) that further cleave these fragments, splitting 3HB-3HB or 3HB-LA dimers into their monomers.

Once the polymers are broken down into these simpler building blocks, other microbes, including various Alpha-proteobacteria and Desulfobacterota, continue the process by consuming the monomers like 3HB and lactate. Working together, these microbial communities ultimately convert the plastic into carbon dioxide, water, and other harmless compounds that ideally return to the marine ecosystem.

The findings of this study fill a critical gap in our understanding of how bio-based plastics degrade in remote marine environments. Its proven biodegradability makes it a promising option for creating safer, more biodegradable materials.

"This research addresses one of the most critical limitations of current bioplastics -- their lack of biodegradability in marine environments. By showing that LAHB can decompose and mineralize even in deep-sea conditions, the study provides a pathway for safer alternatives to conventional plastics and supports the transition to a circular bioeconomy," says Prof. Taguchi.
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The oceans are overheating-and scientists say a climate tipping point may be here | ScienceDaily
The global marine heatwaves (MHWs) of 2023 were unprecedented in their intensity, persistence, and scale, according to a new study. The findings provide insights into the region-specific drivers of these events, linking them to broader changes in the planet's climate system. They may also portend an emerging climate tipping point. Marine heatwaves (MHWs) are intense and prolonged episodes of unusually warm ocean temperatures.


						
These events pose severe threats to marine ecosystems, often resulting in widespread coral bleaching and mass mortality events. They also carry serious economic consequences by disrupting fisheries and aquaculture. It's widely understood that human-driven climate change is driving a rapid increase in the frequency and intensity of MHWs.

In 2023, regions across the globe, including the North Atlantic, Tropical Pacific, South Pacific, and North Pacific, experienced extreme MHWs. However, the causes underlying the onset, persistence, and intensification of widespread MHWs remain poorly understood.

To better understand the MHWs of 2023, Tianyun Dong and colleagues conducted a global analysis using combined satellite observations and ocean reanalysis data, including those from the ECCO2 (Estimating the Circulation and Climate of the Ocean-Phase II) high-resolution project.

According to the findings, MHWs of 2023 set new records for intensity, duration, and geographic extent, lasting four times the historical average and covering 96% of the global ocean surface. Regionally, the most intense warming occurred in the North Atlantic, Tropical Eastern Pacific, North Pacific, and Southwest Pacific, collectively accounting for 90% of the oceanic heating anomalies.

The researchers show that the North Atlantic MHW, which began as early as mid-2022, persisted for 525 days, while the Southwest Pacific event broke prior records with its vast spatial extent and prolonged duration. What's more, in the Tropical Eastern Pacific, temperature anomalies peaked at 1.63 degrees Celsius during the onset of El Nino.

Using a mixed-layer heat budget analysis, the scientists discovered diverse regional drivers contributing to the formation and persistence of these events, including increased solar radiation due to reduced cloud cover, weakened winds, and ocean current anomalies. According to the researchers, the 2023 MHWs may mark a fundamental shift in ocean-atmosphere dynamics, potentially serving as an early warning of an approaching tipping point in Earth's climate system.
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AI turns immune cells into precision cancer killers-in just weeks | ScienceDaily
Precision cancer treatment on a larger scale is moving closer after researchers have developed an AI platform that can tailor protein components and arm the patient's immune cells to fight cancer. The new method, published in the scientific journal Science, demonstrates for the first time, that it is possible to design proteins in the computer for redirecting immune cells to target cancer cells through pMHC molecules.


						
This dramatically shortens the process of finding effective molecules for cancer treatment from years to a few weeks.

"We are essentially creating a new set of eyes for the immune system. Current methods for individual cancer treatment are based on finding so-called T-cell receptors in the immune system of a patient or donor that can be used for treatment. This is a very time-consuming and challenging process. Our platform designs molecular keys to target cancer cells using the AI platform, and it does so at incredible speed, so that a new lead molecule can be ready within 4-6 weeks," says Associate Professor at the Technical University of Denmark (DTU) and last author of the study Timothy P. Jenkins.

Targeted missiles against cancer

The AI platform, developed by a team from DTU and the American Scripps Research Institute, aims to solve a major challenge in cancer immunotherapy by demonstrating how scientists can generate target treatments for tumor cells and avoid damaging healthy tissue.

Normally, T cells naturally identify cancer cells by recognizing specific protein fragments, known as peptides, presented on the cell surface by molecules called pMHCs.It is a slow and challenging process to utilize this knowledge for therapy, often because the variation in the body's own T-cell receptors makes it challenging to create a personalized treatment.

Boosting the body's immune system

In the study, the researchers tested the strength of the AI platform on a well-known cancer target, NY-ESO-1, which is found in a wide range of cancers. The team succeeded in designing a minibinder that bound tightly to the NY-ESO-1 pMHC molecules. When the designed protein was inserted into T cells, it created a unique new cell product named 'IMPAC-T' cells by the researchers, which effectively guided the T cells to kill cancer cells in laboratory experiments.




"It was incredibly exciting to take these minibinders, which were created entirely on a computer, and see them work so effectively in the laboratory," says postdoc Kristoffer Haurum Johansen, co-author of the study and researcher at DTU.

The researchers also applied the pipeline to design binders for a cancer target identified in a metastatic melanoma patient, successfully generating binders for this target as well. This documented that the method also can be used for tailored immunotherapy against novel cancer targets.

Screening of treatments

A crucial step in the researchers' innovation was the development of a 'virtual safety check'. The team used AI to screen their designed minibinders and assess them in relation to pMHC molecules found on healthy cells. This method enabled them to filter out minibinders that could cause dangerous side effects before any experiments were carried out.

"Precision in cancer treatment is crucial. By predicting and ruling out cross-reactions already in the design phase, we were able to reduce the risk associated with the designed proteins and increase the likelihood of designing a safe and effective therapy," says DTU professor and co-author of the study Sine Reker Hadrup.

Five years to treatment

Timothy Patrick Jenkins expects that it will take up to five years before the new method is ready for initial clinical trials in humans. Once the method is ready, the treatment process will resemble current cancer treatments using genetically modified T cells, known as CAR-T cells, which are currently used to treat lymphoma and leukemia.Patients will first have blood drawn at the hospital, similar to a routine blood test. Their immune cells will then be extracted from this blood sample and modified in the laboratory to carry the AI-designed minibinders. These enhanced immune cells are returned to the patient, where they act like targeted missiles, precisely finding and eliminating cancer cells in the body.
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Scientists modeled nuclear winter-the global food collapse was worse than expected | ScienceDaily
A nuclear winter is a theoretical concept, but if the climate scenario expected to follow a large-scale nuclear war, in which smoke and soot from firestorms block sunlight, came to fruition, global temperatures would sharply drop, extinguishing most agriculture. A nuclear winter could last for more than a decade, potentially leading to widespread famine for those who survive the devastation of the bomb blasts. Now, a team led by researchers at Penn State have modeled precisely how various nuclear winter scenarios could impact global production of corn -- the most widely planted grain crop in the world. They also recommended preparing "agricultural resilience kits" with seeds for faster-growing varieties better adapted to colder temperatures that could potentially help offset the impact of nuclear winter, as well as natural disasters like volcanic eruptions.


						
In findings recently published in Environmental Research Letters, the team reported that the level of corn crop decline would vary, depending on the scale of the conflict. A regional nuclear war, which would send about 5.5 tons of soot into the atmosphere, could reduce world-wide annual corn production by 7%. A large-scale global war, injecting 165 tons of soot into the atmosphere, could lead to an 80% drop in annual corn yields. In all, the study simulated six nuclear war scenarios with varying soot injections.

Because of the crop's global significance, the researchers chose to model corn's collapse in a nuclear winter to represent the expected fate of agriculture overall, according to study first author Yuning Shi, associate research professor in Penn State's Department of Plant Science. He noted that an 80% drop in global crop production would have catastrophic consequences, leading to a widespread global food crisis. Even a 7% drop in global crop production would have a severe impact on the global food system and economy, likely resulting in increased food insecurity and hunger.

The simulations were possible thanks to the Cycles agroecosystem model, created a few years ago by scientists in Penn State's College of Agricultural Sciences, including lead developer Armen Kemanian, professor of production systems and modeling and corresponding author on this study. Using high-performance computing and considering atmospheric conditions, Cycles enables large-scale, high-resolution, multi-year simulations of crop growth by meticulously tracking the carbon and nitrogen cycles within the soil-plant-atmosphere system.

"We simulated corn production in 38,572 locations under the six nuclear war scenarios of increasing severity -- with soot injections ranging from 5 to 165 tons," Shi said. "This investigation advances our understanding of global agricultural resilience and adaptation in response to catastrophic climatic disruptions."

In addition to considering the effects of massive amounts of soot in the atmosphere, the researchers modeled the increase in UV-B radiation -- a type of ultraviolet radiation that can lead to DNA damage, oxidative stress and reduced photosynthesis in plants -- that would reach Earth's surface in a nuclear winter that could further limit agriculture.

Shi said he believes that this was the first study to estimate the extent of UV-B radiation damage to agriculture after nuclear explosions, which the researchers predicted would peak six to eight years after a global war. They estimated this could further cut corn production by an additional 7%, for a total worst-case scenario of an 87% drop in corn production.




Ozone high in Earth's atmosphere effectively absorbs the bulk of UV radiation the planet receives from the sun, but nuclear war would dismantle this ability, Shi explained.

"The blast and fireball of atomic explosions produce nitrogen oxides in the stratosphere," he said. "The presence of both nitrogen oxides and heating from absorptive soot could rapidly destroy ozone, increasing UV-B radiation levels at the Earth's surface. This would damage plant tissue and further limit global food production."

While the predictions point to potentially catastrophic drops in the production of corn varieties currently grown, Shi said, switching to crop varieties that can grow under cooler conditions in shorter growing seasons could boost global crop production by 10% compared to no adaptation. However, seed availability for these crops could become a serious problem -- a "bottleneck to adaptation," the researchers said.

Their proposed solution is to prepare "agricultural resilience kits" ahead of any nuclear disaster, containing region- and climate-specific seeds for crop varieties that can grow under cooler conditions with shorter growing seasons to survive lower temperatures.

"These kits would help sustain food production during the unstable years following a nuclear war, while supply chains and infrastructure recover," Kemanian said. "The agricultural resilience kits concept can be expanded to other disasters -- when catastrophes of these magnitude strike, resilience is of the essence."

Shi noted that while proactive, internationally coordinated planning for such kits is unlikely, simply increasing awareness could help lead to better preparedness. "If we want to survive, we must be prepared, even for unthinkable consequences," he said.




Kemanian said he sees value in the research beyond human-caused calamity.

"Recall that catastrophes of this nature can happen not just because of nuclear war, but due to, for example, violent volcanic eruptions," he said. "One may think that studies of this nature are just navel gazing, but they force us to realize the fragility of the biosphere -- the totality of all living things and how they interact with one another and the environment."

Contributing to the research at Penn State were Felipe Montes, associate research professor of cropping systems modeling; Francesco Di Gioia, associate professor of vegetable crop science; and Charles Anderson, professor of biology and principal investigator of the project funding this work; as well as Charles Bardeen, with the Atmospheric Chemistry Observations and Modeling Laboratory, National Center for Atmospheric Research, Boulder, Colorado; and Yolanda Gil, Deborah Khider and Varun Ratnakar, all with the Information Sciences Institute, University of Southern California.

This research was supported by Open Philanthropy, the Defense Advanced Research Projects Agency, the U.S. Department of Agriculture National Institute of Food and Agriculture, the U.S. National Science Foundation and the Future of Life Institute.
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Ivermectin: The mosquito-killing pill that dropped malaria by 26% | ScienceDaily
Ivermectin administered to the whole population significantly reduces malaria transmission, offering new hope in the fight against the disease. The BOHEMIA trial, the largest study on ivermectin for malaria to date, showed a 26% reduction in new malaria infection on top of existing bed nets, providing strong evidence of ivermectin's potential as a complementary tool in malaria control. The results of this project, coordinated by the Barcelona Institute for Global Health (ISGlobal) -an institution supported by the "la Caixa" Foundation- in collaboration with the Manhica Health Research Centre (CISM) and the KEMRI-Wellcome Trust Research Programme, have been published in The New England Journal of Medicine. 


						
Malaria remains a global health challenge, with 263 million cases and 597,000 deaths reported in 2023. Current vector control methods, such as long-lasting insecticidal nets (LLINs) and indoor residual spraying (IRS), have become less effective due to insecticide resistance and behavioral adaptations in mosquitoes to bite outdoors and during dusk or dawn, when people are not protected by these measures. This underscores the urgent need for innovative solutions to combat malaria.

Ivermectin for malaria: A novel strategy

Ivermectin, a drug traditionally used to treat neglected tropical diseases like onchocerciasis, which causes river blindness, and lymphatic filariasis, which causes elephantiasis, has been shown to reduce malaria transmission by killing the mosquitoes that feed on treated individuals. Given the rising resistance to conventional insecticides, ivermectin could offer an effective new approach totackle malaria transmission, especially in regions where traditional methods have become less effective.

The Unitaid-funded BOHEMIA project(Broad One Health Endectocide-based Malaria Intervention in Africa) conducted two Mass Drug Administration (MDA) trials in the high-burden malaria regions: Kwale County (Kenya) and Mopeia district (Mozambique). The trials assessed the safety and efficacy of a single monthly dose of ivermectin (400 mcg/kg) given for three consecutive months at the start of the rainy season in reducing malaria transmission. In Kenya, the intervention targeted children aged 5-15, while in Mozambique it focused on children under five.

Malaria reduction in Kenya

In Kwale County, Kenya, children who received ivermectin experienced a 26% reduction in malaria infection incidence compared to those who received albendazole, the control drug used in the study. The trial involved over 20,000 participants and more than 56,000 treatments, demonstrating that ivermectin significantly reduced malaria infection rates -- particularly among children living further from cluster borders or in areas where drug distribution was more efficient. Moreover, the safety profile of ivermectin was favorable, with no severe drug-related adverse events and only mild, transient side effects already seen with ivermectin in campaigns against neglected tropical diseases.




"We are thrilled with these results," says Carlos Chaccour, co-principal investigator of the BOHEMIA project and ISGlobal researcher at the time of the study. "Ivermectin has shown great promise in reducing malaria transmission and could complement existing control measures. With continued research, ivermectin MDA could become an effective tool for malaria control and even contribute to elimination efforts," Chaccour, who is now a researcher at the Navarra Centre for International Development at the University of Navarra, adds.

"These results align with the World Health Organization's (WHO) criteria for new vector control tools," states Joseph Mwangangi, from the KEMRI-Wellcome Trust Research Programme. "The findings suggest that ivermectin MDA could be a valuable complementary strategy for malaria control, particularly in areas where mosquito resistance to insecticides is a growing concern," adds Marta Maia, BOHEMIA's lead entomologist from the University of Oxford.

Lessons from the Mozambique trial

In contrast, the implementation of the Mozambique trial in the rural district of Mopeia faced severe disruptions due to Cyclone Gombe (2022) and a subsequent cholera outbreak, which significantly disrupted operations. "One of the most important lessons we learned from the trial in Mopeia is that strong community engagement is essential," states Francisco Saute, director of the Manhica Health Research Centre (CISM). "Building trust with local communities and fostering close collaboration with the Health Ministry, National Malaria Control Program, and local authorities was key to ensuring acceptance of the ivermectin MDA."

Expanding the Impact Beyond Malaria

In addition to reducing malaria transmission, ivermectin MDA offers significant collateral benefits. The BOHEMIA team found an important reduction in the prevalence of skin infestations such as scabies and head lice in the ivermectin group in Mozambique, and the community reported a major reduction in bed bugs in Kenya. These effects are particularly valuable when ivermectin is integrated into existing delivery systems, maximizing its impact on public health.

Shaping the future of malaria prevention

The study is part of a larger global effort to assess ivermectin's potential in malaria control. The findings have been reviewed by the WHO vector control advisory group, which concluded that the study had demonstrated impact and recommended further studies. Findings were also shared with national health authorities as they evaluate the potential inclusion of ivermectin in malaria control programs.

"This research has the potential to shape the future of malaria prevention, particularly in endemic areas where existing tools are failing," concludes Regina Rabinovich, BOHEMIA PI and Director of ISGlobal's Malaria Elimination Initiative. "With its novel mechanism of action and proven safety profile, ivermectin could offer a new approach using a well-known, safe drug that can add to the effect of other mosquito control tools available today."
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You've never seen atoms like this before: A hidden motion revealed | ScienceDaily
Researchers investigating atomic-scale phenomena impacting next-generation electronic and quantum devices have captured the first microscopy images of atomic thermal vibrations, revealing a new type of motion that could reshape the design of quantum technologies and ultrathin electronics.


						
Yichao Zhang, an assistant professor in the University of Maryland Department of Materials Science and Engineering, has developed an electron microscopy technique to directly image "moire phasons" -- a physical phenomenon that impacts superconductivity and heat conduction in two-dimensional materials for next-generation electronic and quantum devices. A paper about the research, which documents images of the thermal vibration of individual atoms for the first time, published July 24 in the journal Science. (See video link below.)

Two-dimensional materials, which are sheet-like structures a few nanometers thick, are being explored as new components of next-generation quantum and electronic devices. A feature in twisted two-dimensional materials are "moire phasons," critical to understanding the materials' thermal conductivity, electronic behavior, and structural order. Previously, moire phasons were difficult to detect experimentally, preventing further understanding of the materials that could revolutionize quantum technologies and energy-efficient electronics.

Zhang's research team took on this challenge by using a new technique called "electron ptychography," which achieved the highest resolution documented (better than 15 picometer) and detected blurring of individual atoms caused by thermal vibrations. Her work has revealed that spatially localized moire phasons dominate thermal vibrations of twisted two-dimensional materials, which fundamentally reshaped how scientists understand its impact.

The breakthrough study, which confirmed the longstanding theoretical predictions of moire phasons, also demonstrated that "electron ptychography" can be used to map thermal vibrations with atomic precision for the first time -- which was previously an experimental capability out of reach.

"This is like decoding a hidden language of atomic motion," said Zhang. "Electron ptychography lets us see these subtle vibrations directly. Now we have a powerful new method to explore previously hidden physics, which will accelerate discoveries in two dimensional quantum materials."

Zhang's research team will next focus on resolving how thermal vibrations are affected by defects and interfaces in quantum and electronic materials. Controlling the thermal vibration behavior of these materials could enable the design of novel devices with tailored thermal, electronic, and optical properties -- paving the way for advances in quantum computing, energy-efficient electronics, and nanoscale sensors.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250724232414.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Harvard's ultra-thin chip could revolutionize quantum computing | ScienceDaily
    	New research shows that metasurfaces could be used as strong linear quantum optical networks
    	This approach could eliminate the need for waveguides and other conventional optical components
    	Graph theory is helpful for designing the functionalities of quantum optical networks into a single metasurface

In the race toward practical quantum computers and networks, photons -- fundamental particles of light -- hold intriguing possibilities as fast carriers of information at room temperature. Photons are typically controlled and coaxed into quantum states via waveguides on extended microchips, or through bulky devices built from lenses, mirrors, and beam splitters. The photons become entangled - enabling them to encode and process quantum information in parallel - through complex networks of these optical components. But such systems are notoriously difficult to scale up due to the large numbers and imperfections of parts required to do any meaningful computation or networking.

Could all those optical components could be collapsed into a single, flat, ultra-thin array of subwavelength elements that control light in the exact same way, but with far fewer fabricated parts?

Optics researchers in the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) did just that. The research team led by Federico Capasso, the Robert L. Wallace Professor of Applied Physics and Vinton Hayes Senior Research Fellow in Electrical Engineering, created specially designed metasurfaces -- flat devices etched with nanoscale light-manipulating patterns -- to act as ultra-thin upgrades for quantum-optical chips and setups.

The research was published in Science and funded by the Air Force Office of Scientific Research (AFOSR).

Capasso and his team showed that a metasurface can create complex, entangled states of photons to carry out quantum operations - like those done with larger optical devices with many different components.

"We're introducing a major technological advantage when it comes to solving the scalability problem," said graduate student and first author Kerolos M.A. Yousef. "Now we can miniaturize an entire optical setup into a single metasurface that is very stable and robust."

Metasurfaces: Robust and scalable quantum photonics processors




Their results hint at the possibility of paradigm-shifting optical quantum devices based not on conventional, difficult-to-scale components like waveguides and beam splitters, or even extended optical microchips, but instead on error-resistant metasurfaces that offer a host of advantages: designs that don't require intricate alignments, robustness to perturbations, cost-effectiveness, simplicity of fabrication, and low optical loss. Broadly speaking, the work embodies metasurface-based quantum optics which, beyond carving a path toward room-temperature quantum computers and networks, could also benefit quantum sensing or offer "lab-on-a-chip" capabilities for fundamental science

Designing a single metasurface that can finely control properties like brightness, phase, and polarization presented unique challenges because of the mathematical complexity that arises once the number of photons and therefore the number of qubits begins to increase. Every additional photon introduces many new interference pathways, which in a conventional setup would require a rapidly growing number of beam splitters and output ports.

Graph theory for metasurface design

To bring order to the complexity, the researchers leaned on a branch of mathematics called graph theory, which uses points and lines to represent connections and relationships. By representing entangled photon states as many connected lines and points, they were able to visually determine how photons interfere with each other, and to predict their effects in experiments. Graph theory is also used in certain types of quantum computing and quantum error correction but is not typically considered in the context of metasurfaces, including their design and operation.

The resulting paper was a collaboration with the lab of Marko Loncar, whose team specializes in quantum optics and integrated photonics and provided needed expertise and equipment.

"I'm excited about this approach, because it could efficiently scale optical quantum computers and networks -- which has long been their biggest challenge compared to other platforms like superconductors or atoms," said research scientist Neal Sinclair. "It also offers fresh insight into the understanding, design, and application of metasurfaces, especially for generating and controlling quantum light. With the graph approach, in a way, metasurface design and the optical quantum state become two sides of the same coin."

The research received support from federal sources including the AFOSR under award No. FA9550-21-1-0312. The work was performed at the Harvard University Center for Nanoscale Systems
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Google's deepfake hunter sees what you can't-even in videos without faces | ScienceDaily
In an era where manipulated videos can spread disinformation, bully people, and incite harm, UC Riverside researchers have created a powerful new system to expose these fakes.


						
Amit Roy-Chowdhury, a professor of electrical and computer engineering, and doctoral candidate Rohit Kundu, both from UCR's Marlan and Rosemary Bourns College of Engineering, teamed up with Google scientists to develop an artificial intelligence model that detects video tampering -- even when manipulations go far beyond face swaps and altered speech. (Roy-Chowdhury is also the co-director of the UC Riverside Artificial Intelligence Research and Education (RAISE) Institute, a new interdisciplinary research center at UCR.)

Their new system, called the Universal Network for Identifying Tampered and synthEtic videos (UNITE), detects forgeries by examining not just faces but full video frames, including backgrounds and motion patterns. This analysis makes it one of the first tools capable of identifying synthetic or doctored videos that do not rely on facial content.

"Deepfakes have evolved," Kundu said. "They're not just about face swaps anymore. People are now creating entirely fake videos -- from faces to backgrounds -- using powerful generative models. Our system is built to catch all of that."

UNITE's development comes as text-to-video and image-to-video generation have become widely available online. These AI platforms enable virtually anyone to fabricate highly convincing videos, posing serious risks to individuals, institutions, and democracy itself.

"It's scary how accessible these tools have become," Kundu said. "Anyone with moderate skills can bypass safety filters and generate realistic videos of public figures saying things they never said."

Kundu explained that earlier deepfake detectors focused almost entirely on face cues.




"If there's no face in the frame, many detectors simply don't work," he said. "But disinformation can come in many forms. Altering a scene's background can distort the truth just as easily."

To address this, UNITE uses a transformer-based deep learning model to analyze video clips. It detects subtle spatial and temporal inconsistencies -- cues often missed by previous systems. The model draws on a foundational AI framework known as SigLIP, which extracts features not bound to a specific person or object. A novel training method, dubbed "attention-diversity loss," prompts the system to monitor multiple visual regions in each frame, preventing it from focusing solely on faces.

The result is a universal detector capable of flagging a range of forgeries -- from simple facial swaps to complex, fully synthetic videos generated without any real footage.

"It's one model that handles all these scenarios," Kundu said. "That's what makes it universal."

The researchers presented their findings at the high ranking 2025 Conference on Computer Vision and Pattern Recognition (CVPR) in Nashville, Tenn. Titled "Towards a Universal Synthetic Video Detector: From Face or Background Manipulations to Fully AI-Generated Content," their paper, led by Kundu, outlines UNITE's architecture and training methodology. Co-authors include Google researchers Hao Xiong, Vishal Mohanty, and Athula Balachandra. Co-sponsored by the IEEE Computer Society and the Computer Vision Foundation, CVPR is among the highest-impact scientific publication venues in the world.

The collaboration with Google, where Kundu interned, provided access to expansive datasets and computing resources needed to train the model on a broad range of synthetic content, including videos generated from text or still images -- formats that often stump existing detectors.

Though still in development, UNITE could soon play a vital role in defending against video disinformation. Potential users include social media platforms, fact-checkers, and newsrooms working to prevent manipulated videos from going viral.

"People deserve to know whether what they're seeing is real," Kundu said. "And as AI gets better at faking reality, we have to get better at revealing the truth."
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Millipedes make ants dizzy - and might soon treat human pain | ScienceDaily
Millipedes get a bad rap -- their many legs put people off and could classify them as "creepy crawly." But these anthropods' secretions could hold the key to new drug discovery for the treatment of neurological diseases and pain.


						
Chemist Emily Mevers and her team recently discovered a new set of complex structures in millipede secretions that can modulate specific neuroreceptors in ant brains.

The newly discovered structures fall into a class of naturally occurring compounds called alkaloids. The Mevers team named them the andrognathanols and the andrognathines after the producing millipede, Andrognathus corticarius, found on Virginia Tech's Blacksburg campus in Stadium Woods. These discoveries were recently published in the Journal of the American Chemical Society.

A new compound discovery

Mevers specializes in leveraging the chemistry of underexplored ecological niches, in this case the millipede, in the name of drug discovery.

After collecting millipedes from under leaf litter and fallen branches in Stadium Woods, Mevers and team members used a variety of analytical tools to identify the compounds contained in the millipedes' defensive glands. They also learned that the millipedes release these compounds to ward off predators while also sharing their location with their kin.

Broader implications

Despite their pervasiveness, much about millipedes remains mysterious -- including their specific habitats, numbers, diets, behaviors, and chemistry. Mevers, in collaboration with millipede expert Paul Marek in the entomology department, is working to fill in some of these gaps and see if what they uncover could be useful for future medications.




Previously, Mevers and Marek examined a millipede native to the Pacific Northwest, Ishcnocybe plicata, and discovered that related alkaloids potently and selectively interact with a single neuroreceptor called Sigma-1. The interaction suggested that this family of compounds may have useful pharmacology potential for the treatment of pain and other neurological disorders.

The Mevers group discovered that the new alkaloids are actively secreted from the Hokie millipede when it is physically disturbed. The secretions cause disorientation in ants, a presumed natural predator. A subset of these compounds possesses similar interactions with the Sigma-1 neuroreceptor.

Moving toward drug development

With the newfound complex compounds in hand, the next step is finding people to actually make them in larger quantities and evaluate their biomedical applications.

"These compounds are quite complex, so they're going to take some time to synthesize in the lab," said Mevers.

Once larger quantities are available, Mevers will be able to better study their properties and potential in drug development.
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        Reversing Alzheimer's damage: Two cancer drugs demonstrate surprising power
        In an exciting breakthrough, researchers have identified cancer drugs that might reverse the effects of Alzheimer's disease in the brain. By analyzing gene expression in brain cells, they discovered that some FDA-approved cancer medications could reverse damage caused by Alzheimer's.

      

      
        Pain relief without pills? VR nature scenes trigger the brain's healing switch
        Stepping into a virtual forest or waterfall scene through VR could be the future of pain management. A new study shows that immersive virtual nature dramatically reduces pain sensitivity almost as effectively as medication. Researchers at the University of Exeter found that the more present participants felt in these 360-degree nature experiences, the stronger the pain-relieving effects. Brain scans confirmed that immersive VR scenes activated pain-modulating pathways, revealing that our brains c...

      

      
        Why cold feels good: Scientists uncover the chill pathway
        A newly mapped neural circuit shows how our skin senses cool temperatures and sends that info to the brain, revealing an unexpected amplifier in the spinal cord and offering insight into cold-related pain.

      

      
        How AI is supercharging plant immunity to fight deadly bacteria
        Scientists have used artificial intelligence to upgrade plant immune systems, potentially revolutionizing how crops like tomatoes and potatoes can defend against harmful bacteria. By reengineering plant receptors that recognize bacterial threats, they are enhancing plant resistance and preparing for a future of more resilient crops.

      

      
        The pandemic's secret aftershock: Inside the gut-brain breakdown
        A new global study reveals a striking post-pandemic surge in gut-brain disorders like IBS and functional dyspepsia. Researchers compared data from 2017 and 2023 and discovered sharp increases--IBS up 28% and dyspepsia nearly 44%. Those suffering from long COVID were especially vulnerable, reporting more anxiety, depression, and worse quality of life. These findings spotlight the urgent need for deeper investigation into the gut-brain axis and revised care models in a post-COVID world.

      

      
        This brain circuit may explain fluctuating sensations--and autism
        Sometimes a gentle touch feels sharp and distinct, other times it fades into the background. This inconsistency isn't just mood--it's biology. Scientists found that the thalamus doesn't just relay sensory signals--it fine-tunes how the brain responds to them, effectively changing what we feel. A hidden receptor in the cortex seems to prime neurons, making them more sensitive to touch.

      

      
        This tiny lung-on-a-chip could predict--and fight--the next pandemic
        Scientists at Kyoto University have developed a groundbreaking "lung-on-a-chip" that can mimic the distinct regions of human lungs--airways and alveoli--to study how viruses like COVID-19 affect them differently. Powered by isogenic induced pluripotent stem cells (iPSCs), the system offers a high-fidelity way to model personalized immune responses and test drug effectiveness. This innovation opens the door to precision medicine, deeper understanding of emerging viruses, and even modeling of other o...

      

      
        Drones reveal 41,000-turtle nesting mega-site hidden in the Amazon
        A team at the University of Florida used drones and smart modeling to accurately count over 41,000 endangered turtles nesting along the Amazon's Guapore River--revealing the world's largest known turtle nesting site. Their innovative technique, combining aerial imagery with statistical correction for turtle movement, exposes major flaws in traditional counting methods and opens doors to more precise wildlife monitoring worldwide.

      

      
        400-million-year-old fish exposes big mistake in how we understood evolution
        A fish thought to be evolution's time capsule just surprised scientists. A detailed dissection of the coelacanth -- a 400-million-year-old species often called a "living fossil" -- revealed that key muscles believed to be part of early vertebrate evolution were actually misidentified ligaments. This means foundational assumptions about how vertebrates, including humans, evolved to eat and breathe may need to be rewritten. The discovery corrects decades of anatomical errors, reshapes the story of sk...

      

      
        Clockwork from scratch: How scientists made timekeeping cells
        Scientists at UC Merced have engineered artificial cells that can keep perfect time--mimicking the 24-hour biological clocks found in living organisms. By reconstructing circadian machinery inside tiny vesicles, the researchers showed that even simplified synthetic systems can glow with a daily rhythm--if they have enough of the right proteins.

      

      
        Building electronics that don't die: Columbia's breakthrough at CERN
        Deep beneath the Swiss-French border, the Large Hadron Collider unleashes staggering amounts of energy and radiation--enough to fry most electronics. Enter a team of Columbia engineers, who built ultra-rugged, radiation-resistant chips that now play a pivotal role in capturing data from subatomic particle collisions. These custom-designed ADCs not only survive the hostile environment inside CERN but also help filter and digitize the most critical collision events, enabling physicists to study elus...

      

      
        Digital twins are reinventing clean energy -- but there's a catch
        Researchers are exploring AI-powered digital twins as a game-changing tool to accelerate the clean energy transition. These digital models simulate and optimize real-world energy systems like wind, solar, geothermal, hydro, and biomass. But while they hold immense promise for improving efficiency and sustainability, the technology is still riddled with challenges--from environmental variability and degraded equipment modeling to data scarcity and complex biological processes.

      

      
        Did humans learn to walk in trees?
        In the quest to understand how and why early humans started walking on two legs, scientists are now looking to chimpanzees living in dry, open savannah-like environments for clues. A new study reveals that these chimpanzees, despite the open terrain, still frequently climb trees to gather fruit and other foods found high in the canopy. Their behavior suggests that bipedalism may not have evolved purely as a response to ground-based travel, but also for safe and efficient movement within trees.

      

      
        The real-life Kryptonite found in Serbia--and why it could power the future
        Deep in Serbia's Jadar Valley, scientists discovered a mineral with an uncanny resemblance to Superman's Kryptonite both in composition and name. Dubbed jadarite, this dull white crystal lacks the glowing green menace of its comic book counterpart but packs a punch in the real world. Rich in lithium and boron, jadarite could help supercharge the global transition to green energy.

      

      
        Quantum tunneling mystery solved after 100 years--and it involves a surprise collision
        For the first time ever, scientists have watched electrons perform a bizarre quantum feat: tunneling through atomic barriers by not just slipping through, but doubling back and slamming into the nucleus mid-tunnel. This surprising finding, led by POSTECH and Max Planck physicists, redefines our understanding of quantum tunneling--a process that powers everything from the sun to your smartphone.

      

      
        Ghost particles may secretly decide the fate of collapsing stars
        Neutrinos, ghostly particles barely interacting with matter, may secretly be reshaping the fates of massive stars. New research suggests that as stars collapse, they form natural "neutrino colliders," allowing scientists to probe these elusive particles in ways never possible on Earth. If neutrinos do interact through yet-undiscovered forces, they could cause stars to collapse into black holes instead of neutron stars, reshaping how we understand cosmic evolution.

      

      
        Eggs are off the hook--study reveals bacon's the real heart risk
        Eggs are finally being vindicated after decades of cholesterol-related blame. New research from the University of South Australia reveals that eggs, despite their cholesterol content, aren't the dietary villains they've long been made out to be. Instead, it's the saturated fats found in foods like bacon and sausage that actually elevate harmful LDL cholesterol levels. In a world-first study, researchers showed that eating two eggs a day, as part of a low saturated fat diet, can even help reduce L...

      

      
        Decades of chemistry rewritten: A textbook reaction just flipped
        Penn State researchers have uncovered a surprising twist in a foundational chemical reaction known as oxidative addition. Typically believed to involve transition metals donating electrons to organic compounds, the team discovered an alternate path--one in which electrons instead move from the organic molecule to the metal. This reversal, demonstrated using platinum and palladium exposed to hydrogen gas, could mean chemists have misunderstood a fundamental step for decades. The discovery opens the...

      

      
        An 'impossible' 20-electron molecule challenges 100 years of chemistry
        Scientists at OIST have defied a foundational rule in chemistry by creating a stable 20-electron version of ferrocene--an organometallic molecule once thought to be limited to 18 valence electrons. This discovery not only challenges conventional wisdom but unlocks new chemical behaviors and redox states, potentially transforming how catalysts and materials are designed.

      

      
        Deep-sea fish just changed what we know about Earth's carbon cycle
        Mesopelagic fish, long overlooked in ocean chemistry, are now proven to excrete carbonate minerals much like their shallow-water counterparts--despite living in dark, high-pressure depths. Using the deep-dwelling blackbelly rosefish, researchers have demonstrated that carbonate production is consistent across ocean layers, bolstering global carbon cycle models. These findings reveal that these abundant fish play a hidden but crucial role in regulating Earth's ocean chemistry and could reshape how ...

      

      
        Trapped by moon dust: The physics error that fooled NASA for years
        Engineers at the University of Wisconsin-Madison uncovered a critical flaw in how lunar and Martian rovers are tested on Earth. Simulations revealed that test results have been misleading for decades because researchers only adjusted rover weight to simulate low gravity--but ignored how Earth's gravity affects the terrain itself. Using a powerful simulation tool called Chrono, the team showed that sandy surfaces behave very differently on the Moon, where they're fluffier and less supportive.

      

      
        Scientists just invented a safer non-stick coating--and it's inspired by arrows
        Scientists at the University of Toronto have developed a new non-stick material that rivals the performance of traditional PFAS-based coatings while using only minimal amounts of these controversial "forever chemicals." Through an inventive process called "nanoscale fletching," they modified silicone-based polymers to repel both water and oil effectively. This breakthrough could pave the way for safer cookware, fabrics, and other products without the environmental and health risks linked to long-...

      

      
        This plastic disappears in the deep sea--and microbes make it happen
        A new eco-friendly plastic called LAHB has shown it can biodegrade even in the extreme environment of the deep ocean, unlike conventional plastics that persist for decades. In real-world underwater testing nearly a kilometer below the surface, LAHB lost more than 80% of its mass after 13 months, while traditional PLA plastic remained completely intact. The secret? Colonies of deep-sea microbes actively broke down the material using specialized enzymes, converting it into harmless byproducts like ...

      

      
        Scientists modeled nuclear winter--the global food collapse was worse than expected
        What would happen if a nuclear war triggered a climate-altering catastrophe? Researchers have modeled how such a scenario could devastate global corn crops cutting production by as much as 87% due to blocked sunlight and increased UV-B radiation. Using advanced climate-agriculture simulations, they propose a survival strategy: emergency resilience kits containing fast-growing, cold-tolerant seeds that could keep food systems afloat not just after nuclear war, but also after volcanic eruptions or ...

      

      
        Ivermectin: The mosquito-killing pill that dropped malaria by 26%
        A groundbreaking study has revealed that the mass administration of ivermectin--a drug once known for treating river blindness and scabies--can significantly reduce malaria transmission when used in conjunction with bed nets.

      

      
        You've never seen atoms like this before: A hidden motion revealed
        A pioneering team at the University of Maryland has captured the first-ever images of atomic thermal vibrations, unlocking an unseen world of motion within two-dimensional materials. Their innovative electron ptychography technique revealed elusive "moire phasons," a long-theorized phenomenon that governs heat, electronic behavior, and structural order at the atomic level. This discovery not only confirms decades-old theories but also provides a new lens for building the future of quantum computi...

      

      
        Harvard's ultra-thin chip could revolutionize quantum computing
        Researchers at Harvard have created a groundbreaking metasurface that can replace bulky and complex optical components used in quantum computing with a single, ultra-thin, nanostructured layer. This innovation could make quantum networks far more scalable, stable, and compact. By harnessing the power of graph theory, the team simplified the design of these quantum metasurfaces, enabling them to generate entangled photons and perform sophisticated quantum operations -- all on a chip thinner than a ...

      

      
        Millipedes make ants dizzy -- and might soon treat human pain
        Millipedes, often dismissed as creepy crawlies, may hold the secret to future painkillers and neurological drugs. Researchers at Virginia Tech discovered unique alkaloid compounds in the defensive secretions of a native millipede species. These complex molecules, which cause disorientation in ants, interact with human neuroreceptors linked to pain and cognition. By decoding these natural chemical defenses, scientists could open a new path toward innovative drug therapies, though challenges remain...

      

      
        The plant virus that trains your immune system to kill cancer
        A virus from humble black-eyed peas is showing extraordinary promise in the fight against cancer. Unlike other plant viruses, the cowpea mosaic virus (CPMV) can awaken the human immune system and transform it into a cancer-fighting powerhouse, without infecting human cells. By comparing it to a similar, but ineffective, virus, researchers uncovered that CPMV uniquely triggers potent interferons and immune responses, making it a low-cost, plant-grown immunotherapy on the fast track toward clinical...

      

      
        Four hidden types of autism revealed -- and each tells a different genetic story
        Scientists at Princeton and the Simons Foundation have identified four biologically distinct subtypes of autism, using data from over 5,000 children and a powerful new computational method. These subtypes--each with unique traits, developmental paths, and genetic signatures--promise to revolutionize how we understand, diagnose, and treat autism.

      

      
        This sugar substitute does more than sweeten -- it kills cancer cells
        Fermenting stevia with a banana leaf-derived probiotic turns it into a powerful cancer-fighting agent that kills pancreatic cancer cells while sparing healthy ones. The secret lies in a metabolite called CAME, produced through microbial transformation.

      

      
        Hubble caught a star exploding -- and it's helping map the cosmos
        In the sprawling Hydra constellation, 137 million light-years away, lies NGC 3285B--a dazzling spiral galaxy recently spotlighted by NASA's Hubble Space Telescope. This cosmic beauty orbits the edges of the massive Hydra I galaxy cluster, home to some of the universe's largest elliptical galaxies. What drew astronomers' eyes was a brilliant Type Ia supernova, a cataclysmic stellar explosion bright enough to briefly rival billions of Suns.
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Reversing Alzheimer's damage: Two cancer drugs demonstrate surprising power | ScienceDaily
Scientists at UC San Francisco and Gladstone Institutes have identified cancer drugs that promise to reverse the changes that occur in the brain during Alzheimer's, potentially slowing or even reversing its symptoms.


						
The study first analyzed how Alzheimer's disease altered gene expression in single cells in the human brain. Then, researchers looked for existing drugs that were already approved by the Food and Drug Administration (FDA) and cause the opposite changes to gene expression.

They were looking specifically for drugs that would reverse the gene expression changes in neurons and in other types of brain cells called glia, all of which are damaged or altered in Alzheimer's disease.

Next, the researchers analyzed millions of electronic medical records to show that patients who took some of these drugs as part of their treatment for other conditions were less likely to get Alzheimer's disease.

When they tested a combination of the two top drugs -- both of which are cancer medications -- in a mouse model of Alzheimer's, it reduced brain degeneration in the mice, and even restored their ability to remember.

"Alzheimer's disease comes with complex changes to the brain, which has made it tough to study and treat, but our computational tools opened up the possibility of tackling the complexity directly," said Marina Sirota, PhD, the interim director of the UCSF Bakar Computational Health Sciences Institute, professor of pediatrics, and co-senior author of the paper. "We're excited that our computational approach led us to a potential combination therapy for Alzheimer's based on existing FDA-approved medications."

The findings appeared in Cell on July 21. The research was funded in part by the National Institutes of Health and the National Science Foundation.




Big data from patients and cells points to a new Alzheimer's therapy 

Alzheimer's disease affects 7 million people in the U.S. and causes a relentless decline in cognition, learning, and memory. Yet decades of research have only produced two FDA-approved drugs, neither of which can meaningfully slow this decline.

"Alzheimer's is likely the result of numerous alterations in many genes and proteins that, together, disrupt brain health," said Yadong Huang, MD, PhD, senior investigator and director of the Center for Translational Advancement at Gladstone, professor of neurology and pathology at UCSF, and co-senior author of the paper. "This makes it very challenging for drug development -- which traditionally produces one drug for a single gene or protein that drives disease."

The team took publicly available data from three studies of the Alzheimer's brain that measured single-cell gene expression in brain cells from deceased donors with or without Alzheimer's disease. They used this data to produce gene expression signatures for Alzheimer's disease in neurons and glia.

The researchers compared these signatures with those found in the Connectivity Map, a database of results from testing the effects of thousands of drugs on gene expression in human cells.

Out of 1,300 drugs, 86 reversed the Alzheimer's disease gene expression signature in one cell type, and 25 reversed the signature in several cell types in the brain. But just 10 had already been approved by the FDA for use in humans.




Poring through records housed in the UC Health Data Warehouse, which includes anonymized health information on 1.4 million people over the age of 65, the group found that several of these drugs seemed to have reduced the risk of developing Alzheimer's disease over time.

"Thanks to all these existing data sources, we went from 1,300 drugs, to 86, to 10, to just 5," said Yaqiao Li, PhD, a former UCSF graduate student in Sirota's lab who is now a postdoctoral scholar in Huang's lab at Gladstone and the lead author of the paper. "In particular, the rich data collected by all the UC health centers pointed us straight to the most promising drugs. It's kind of like a mock clinical trial."

A combination therapy poised for primetime 

Li, Huang, and Sirota chose 2 cancer drugs out of the top 5 drug candidates for laboratory testing. They predicted one drug, letrozole, would remedy Alzheimer's in neurons; and another, irinotecan, would help glia. Letrozole is usually used to treat breast cancer; irinotecan is usually used to treat colon and lung cancer.

The team used a mouse model of aggressive Alzheimer's disease with multiple disease-related mutations. As the mice aged, symptoms resembling Alzheimer's emerged, and they were treated with one or both drugs.

The combination of the two cancer drugs reversed multiple aspects of Alzheimer's in the animal model. It undid the gene expression signatures in neurons and glia that had emerged as the disease progressed. It reduced both the formation of toxic clumps of proteins and brain degeneration. And, importantly, it restored memory.

"It's so exciting to see the validation of the computational data in a widely used Alzheimer's mouse model," Huang said. He expects the research to advance soon to a clinical trial so the team can directly test the combination therapy in Alzheimer's patients.

"If completely independent data sources, such as single-cell expression data and clinical records, guide us to the same pathways and the same drugs, and then resolve Alzheimer's in a genetic model, then maybe we're onto something," Sirota said. "We're hopeful this can be swiftly translated into a real solution for millions of patients with Alzheimer's."

Authors: Other UCSF authors are Carlota Pereda Serras, MS, Jessica Blumenfeld, Xinyu Tang, PhD, Antara Rao, PhD, Sarah Woldemariam, PhD, Alice Tang, PhD, Tomiko Oskotsky, MD, and Michael J Keiser, PhD. Other Gladstone Institutes authors are Min Xie, PhD, Yanxia Hao, Elise Deng, You Young Chun, Julia Holtzman, Alice An, Seo Yeon Yoon, MBA, Alex Zhang, Jeffrey Simms, MA, and Iris Lo.

Funding: This study was supported by the National Institute on Aging (R01AG060393, R01AG057683, RF1AG076647, R01AG078164, and P01AG073082), the National Science Foundation (2034836), and the Dolby Family Fund.
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Pain relief without pills? VR nature scenes trigger the brain's healing switch | ScienceDaily
Immersing in virtual reality (VR) nature scenes helped relieve symptoms that are often seen in people living with long-term pain, with those who felt more present experiencing the strongest effects.


						
A new study led by the University of Exeter, published in the journal Pain, tested the impact of immersive 360-degree nature films delivered using VR compared with 2D video images in reducing experience of pain, finding VR almost twice as effective.

Long-term (chronic) pain typically lasts more than three months and is particularly difficult to treat. The researchers simulated this type of pain in healthy participants, finding that nature VR had an effect similar to that of painkillers, which endured for at least five minutes after the VR experience had ended.

Dr Sam Hughes, Senior Lecturer in Pain Neuroscience at the University of Exeter, led the study. He said: "We've seen a growing body of evidence show that exposure to nature can help reduce short term, everyday pain, but there has been less research into how this might work for people living with chronic or longer-term pain. Also, not everyone is able to get out for walks in nature, particularly those living with long term health conditions like chronic pain. Our study is the first to look at the effect of prolonged exposure to a virtual reality nature scene on symptoms seen during long term pain sensitivity. Our results suggest that immersive nature experiences can reduce the development of this pain sensitivity through an enhanced sense of presence and through harnessing the brains in-built pain suppression systems''

The study, which was funded by the Academy of Medical Sciences, involved 29 healthy participants who were shown two types of nature scene after having pain delivered on the forearm using electric shocks. On the first visit, they measured the changes in pain that occur over a 50-minute period following the electric shocks and showed how the healthy participants developed sensitivity to sharp pricking stimuli in the absence of any nature scenes. The results showed that the participants developed a type of sensitivity that closely resembles that seen in people living with nerve pain -- which occurs due to changes in how pain signals are processed in the brain and spinal cord.

On the second visit, they immersed the same participants in a 45-minute virtual reality 360-degree experience of the waterfalls of Oregon to see how this could change how the development of pain sensitivity. The scene was specially chosen to maximize therapeutic effects.

In the second visit, they explored the same scene, but on a 2D screen.




They completed questionnaires on their experience of pain after watching the scenes in each case, and also on how present they felt in each experience, and to what extent they felt the nature scenes to be restorative[LV1] .

On a separate visit, participants underwent MRI brain scans at the University of Exeter's Mireille Gillings Neuroimaging Centre. Researchers administered a cold gel to illicit a type of ongoing pain and then scanned participants to study how their brains respond.

The researchers found that the immersive VR experience significantly reduced the development and spread of feelings of pain sensitivity to pricking stimuli, and these pain-reducing effects were still there even at the end of the 45-minute experience.

The more present the person felt during the VR experience, the stronger this pain-relieving effect. The fMRI brain scans also revealed that people with stronger connectivity in brain regions involved in modulating pain responses experienced less pain. The results suggest that nature scenes delivered using VR can help to change how pain signals are transmitted in the brain and spinal cord during long-term pain conditions.

Dr Sonia Medina, of the University of Exeter Medical School and one of the authors on the study, said: "We think VR has a particularly strong effect on reducing experience of pain because it's so immersive. It really created that feeling of being present in nature - and we found the pain - reducing effect was greatest in people for whom that perception was strongest. We hope our study leads to more research to investigate further how exposure to nature effects our pain responses, so we could one day see nature scenes incorporated into ways of reducing pain for people in settings like care homes or hospitals."

The paper is titled 'Immersion in nature through virtual reality attenuates the development and spread of mechanical secondary hyperalgesia: a role for insulo-thalamic effective connectivity' and is published in the journal Pain.
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Why cold feels good: Scientists uncover the chill pathway | ScienceDaily
Researchers at the University of Michigan have illuminated a complete sensory pathway showing how the skin communicates the temperature of its surroundings to the brain.


						
This discovery, believed to be the first of its kind, reveals that cool temperatures get their own pathway, indicating that evolution has created different circuits for hot and cold temperatures. This creates an elegant solution for ensuring precise thermal perception and appropriate behavioral responses to environmental changes, said Bo Duan, senior author of the new study.

"The skin is the body's largest organ. It helps us detect our environment and separate, distinguish different stimuli," said Duan, a U-M associate professor of molecular, cellular, and developmental biology. "There are still many interesting questions about how it does this, but we now have one pathway for how it senses cool temperatures. This is the first neural circuit for temperature sensation in which the full pathway from the skin to the brain has been clearly identified."

This work deepens our understanding of fundamental biology and brings us closer to an explanation for how we evolved to inhabit safe temperatures and avoid dangerous extremes, Duan said. But it also has medical implications that can be explored to help improve the quality of life for people in the future.

For example, more than 70% of people who have undergone chemotherapy experience pain caused by cool temperatures, Duan said. The new study found that the neural circuit responsible for sensing innocuous cool does not mediate this type of cold pain. But, in understanding how the cool-sensing circuitry works when it's functioning properly under normal conditions, researchers now have a better chance of discovering what goes wrong in disease or injury. It could also help develop targeted therapies that restore healthy sensation without impairing normal temperature perception.

This research was funded by the National Institutes of Health and performed in collaboration with Shawn Xu and his research team in the U-M Life Sciences Institute.

A cool amplifier discovery

In their study, published in the journal Nature Communications, Duan and his team used sophisticated imaging techniques and electrophysiology to observe how mice transmitted the sensation of cool temperatures from their skin to the brain.




It's an approach the team has applied to other sensations in the past. Headed by postdoctoral research fellow Hankyu Lee and doctoral students Chia Chun Hor and Lorraine Horwitz, the team turned its focus to temperature in this work.

"These tools have allowed us to identify the neural pathways for chemical itch and mechanical itch previously," Duan said. "Working together, the team identified this very interesting, very dedicated pathway for cool sensation."

The cool signal starts at the skin, which is home to molecule sensors that can detect a specific range of temperatures between about 15 and 25 degrees Celsius -- equivalent to 59 and 77 degrees Fahrenheit. When those sensors engage, they excite primary sensory neurons, which send the cool signal to the spinal cord. Here, the team found that the signal is amplified by specialized interneurons, which then activate projection neurons that connect to the brain.

Researchers had previously known about the skin's molecular thermometers -- they, in part, earned researchers in California the 2021 Nobel Prize in Physiology or Medicine -- but the spinal cord's amplifier was an unknown key ingredient. With the amplifier disabled, the cool signal becomes lost in the noise, the team found.

Although the study was performed in mice, each component of the circuit has been shown to be in humans through genetic sequencing, Duan said. So it's likely that we have the same pathway to thank for the refreshing sensation of stepping into an air-conditioned room on a hot summer day.

Moving forward, the team is looking to identify the pathway or pathways involved in acute cold pain.




"I think the painful sensations are going to be more complicated," Duan said. "When we're in riskier situations, there could be multiple pathways involved."

His team is also interested in how the brain processes these various skin signals and how we've evolved not only to differentiate between them, but also connect emotions with them to help protect ourselves. In fact, it's the curiosity around those sorts of questions that originally motivated Duan's work, which he is perpetually reminded of working in Michigan.

"In summer, I love walking along Lake Michigan and having a gentle breeze hit my face. I feel very cool, very comfortable," Duan said. "But the winter is really terrible for me."
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How AI is supercharging plant immunity to fight deadly bacteria | ScienceDaily
Scientists at the University of California, Davis, used artificial intelligence to help plants recognize a wider range of bacterial threats -- which may lead to new ways to protect crops like tomatoes and potatoes from devastating diseases. The study was published in Nature Plants.


						
Plants, like animals, have immune systems. Part of their defense toolkit includes immune receptors, which give them the ability to detect bacteria and defend against it. One of those receptors, called FLS2, helps plants recognize flagellin -- a protein in the tiny tails bacteria use to swim. But bacteria are sneaky and constantly evolving to avoid detection.

"Bacteria are in an arms race with their plant hosts, and they can change the underlying amino acids in flagellin to evade detection," said lead author Gitta Coaker, professor in the Department of Plant Pathology.

To help plants keep up, Coaker's team turned to using natural variation coupled with artificial intelligence -- specifically AlphaFold, a tool developed to predict the 3D shape of proteins and reengineered FLS2, essentially upgrading its immune system to catch more intruders.

The team focused on receptors already known to recognize more bacteria, even if they weren't found in useful crop species. By comparing them with more narrowly focused receptors, the researchers were able to identify which amino acids to change.

"We were able to resurrect a defeated receptor, one where the pathogen has won, and enable the plant to have a chance to resist infection in a much more targeted and precise way," Coaker said.

Why it matters

Coaker said this opens the door to developing broad-spectrum disease resistance in crops using predictive design.




One of the researchers' targets is a major crop threat: Ralstonia solanacearum, the cause of bacterial wilt. Some strains of the soil-borne pathogen can infect more than 200 plant species, including staple crops like tomato and potato.

Looking ahead, the team is developing machine learning tools to predict which immune receptors are worth editing in the future. They're also trying to narrow down the number of amino acids that need to be changed.

This approach could be used to boost the perception capability of other immune receptors using a similar strategy.

Other authors of the study include Tianrun Li, Esteban Jarquin Bolanos, Danielle M. Stevens and Hanxu Sha of UC Davis and Daniil M. Prigozhin of Lawrence Berkeley National Laboratory.

The research was supported by the National Institutes of Health and the United States Department of Agriculture's National Institute for Food and Agriculture.
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The pandemic's secret aftershock: Inside the gut-brain breakdown | ScienceDaily
A new international study confirmed a significant post-pandemic rise in disorders of gut-brain interaction, including irritable bowel syndrome (IBS) and functional dyspepsia, according to the paper published in Clinical Gastroenterology and Hepatology. 


						
Building on prior research, investigators used Rome Foundation diagnostic tools to analyze nationally representative samples from both 2017 and 2023 -- offering the first direct, population-level comparison of disorders of gut-brain interaction prevalence before and after the COVID-19 pandemic.

Key findings:
    	Overall disorders of gut-brain interaction rose from 38.3% to 42.6%.
    	IBS jumped 28%, from 4.7% to 6%.
    	Functional dyspepsia rose by nearly 44%, from 8.3% to 11.9%.
    	Individuals with long COVID were significantly more likely to have a disorder of gut-brain interaction and reported worse anxiety, depression, and quality of life.

This is the first population-level study to directly compare rates of disorders affecting gut-brain interaction before and after the pandemic, using a consistent methodology. It adds weight to growing calls for updated care models and more research into the gut-brain axis in the post-COVID era.

Irritable bowel syndrome

Irritable bowel syndrome (IBS) is a chronic gastrointestinal disorder that affects the large intestine, characterized by a group of symptoms that commonly include abdominal pain, bloating, and changes in bowel habits such as diarrhea, constipation, or both. Although it does not cause permanent damage to the intestines or lead to more serious conditions, IBS can significantly impact quality of life. The exact cause is not fully understood, but contributing factors may include gut-brain axis dysregulation, altered gut motility, intestinal inflammation, changes in gut microbiota, and heightened sensitivity to certain foods or stress. Diagnosis is typically based on clinical criteria (such as the Rome IV criteria), and treatment often involves dietary modifications, stress management, and symptom-targeted medications.

Functional dyspepsia

Functional dyspepsia is a common chronic disorder that affects the upper digestive tract, causing symptoms such as persistent or recurring pain or discomfort in the upper abdomen, early satiety (feeling full quickly), bloating, and nausea, without an identifiable structural or biochemical cause on standard diagnostic tests. It is considered a disorder of gut-brain interaction, where altered gastrointestinal motility, visceral hypersensitivity, psychosocial factors, and possibly low-grade inflammation contribute to symptom generation. Functional dyspepsia is diagnosed based on clinical criteria, such as the Rome IV guidelines, after ruling out other conditions like peptic ulcers or gastroesophageal reflux disease (GERD). Management typically includes dietary and lifestyle modifications, psychological therapies, and medications such as proton pump inhibitors, prokinetics, or antidepressants, depending on symptom profile and severity.
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This brain circuit may explain fluctuating sensations-and autism | ScienceDaily
The cerebral cortex processes sensory information via a complex network of neural connections. How are these signals modulated to refine perception? A team from the University of Geneva (UNIGE) has identified a mechanism by which certain thalamic projections target neurons and modify their excitability. This work, published in Nature Communications, reveals a previously unknown form of communication between two regions of the brain, the thalamus and the somatosensory cortex. It could explain why the same sensory stimulus does not always elicit the same sensation and open up new avenues for understanding certain mental disorders.


						
The same sensory stimulus can be perceived clearly at times, and remain vague at others. This phenomenon can be explained by the way the brain integrates stimuli. For example, touching an object outside our field of vision may be enough to identify it...or not. These perceptual variations remain poorly understood, but may depend on factors such as attention or the disruptive presence of other stimuli. What is certain, according to neuroscientists, is that when we touch something, sensory signals from receptors in the skin are interpreted by a specialised region called the somatosensory cortex.

On their way to it, the signals pass through a complex network of neurons, including a crucial structure in the brain called the thalamus, which serves as a relay station. However, the process is not one-way. A significant portion of the thalamus also receives feedback from the cortex, forming a loop of reciprocal communication. But the exact role and functioning of this feedback loop are still unclear. Could it play an active role in how we perceive sensory information?

A new modulatory pathway

To explore this question, neuroscientists at UNIGE studied a region at the top of pyramidal neurons of the somatosensory cortex, rich in dendrites - extensions that receive electrical signals from other neurons. ''Pyramidal neurons have rather strange shapes. They are asymmetrical, both in shape and function. What happens at the top of the neuron is different from what happens at the bottom,'' explains Anthony Holtmaat, full professor at the Department of Basic Neurosciences (NEUFO) and the Synapsy Centre for Neuroscience Research for Mental Health at UNIGE's Faculty of Medicine, and director of the study.

His team focused on a pathway in which the top of pyramidal neurons in mice receives projections from a specific part of the thalamus. By stimulating the animal's whiskers - the equivalent of touch in humans - a precise dialogue between these projections and the dendrites of pyramidal neurons was revealed. ''What is remarkable, unlike the regular thalamic projections known to activate pyramidal neurons, is that the part of the thalamus providing feedback modulates their activity, in particular by making them more sensitive to stimuli,'' says Ronan Chereau, senior researcher at NEUFO and co-author of the study.

An unexpected receptor

Using cutting-edge techniques - imaging, optogenetics, pharmacology and, above all, electrophysiology - the research team was able to record the electrical activity of tiny structures such as dendrites. These approaches helped clarify how this modulation works at the synaptic level. Normally, the neurotransmitter glutamate acts as an activation signal. It helps neurons transmit sensory information by triggering an electrical response in the next neuron.




In this newly discovered mechanism, glutamate released from thalamic projections binds to an alternative receptor located in a specific region of the cortical pyramidal neuron. Rather than directly exciting the neuron, this interaction alters its state of responsiveness, effectively priming it for future sensory input. The neuron then becomes more easily activated, as if it were being conditioned to better respond to a future sensory stimulus.

''This is a previously unknown pathway for modulation. Usually, the modulation of pyramidal neurons is ensured by the balance between excitatory and inhibitory neurons, not by this type of mechanism,'' explains Ronan Chereau.

Implications for perception and disorders

By demonstrating that a specific feedback loop between the somatosensory cortex and the thalamus can modulate the excitability of cortical neurons, the study suggests that thalamic pathways do not simply transmit sensory signals, but also act as selective amplifiers of cortical activity. ''In other words, our perception of touch is not only shaped by incoming sensory data, but also by dynamic interactions within the thalamocortical network,'' adds Anthony Holtmaat. This mechanism could also contribute to understanding the perceptual flexibility observed in states of sleep or wakefulness, when sensory thresholds vary. Its alteration could also play a role in certain pathologies, such as autism spectrum disorders.
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This tiny lung-on-a-chip could predict-and fight-the next pandemic | ScienceDaily
Respiratory infections such as COVID-19 have been responsible for numerous pandemics and have placed a substantial burden on healthcare systems. Such viruses can cause significant damage to our lungs, especially to the proximal region, or airway, and distal region, also known as the alveoli.


						
The responses of different lung regions to such infections are varying and complex, so accurately replicating them using traditional models, such as animals and simple in vitro systems, poses a challenge.

To solve this problem, a team of researchers at Kyoto University has developed a micro physiological system, or MPS, capable of emulating different regions of human lungs. Specifically, their device can simulate the airway and alveoli to investigate viral pathologies. Coupled with isogenic iPSCs, the team is preparing for more personalized and accurate treatment of respiratory diseases.

"Our iPSC-derived lung chips enable us to model the distinct responses of proximal and distal lung regions, derived from an isogenic source to respiratory virus infections," states the lead author Sachin Yadav, a PhD student at Kyoto University.

The team's research provides a more accurate platform for studying tissue- and virus-specific disease mechanisms, as well as for evaluating drug effectiveness. Moreover, their approach holds significant promise for addressing future pandemics.

"The insights gained can be used to develop models of other human organs and multi-organ systems, facilitating the study of organ interactions," notes team leader Ryuji Yokokawa.

"The ability to accurately replicate the variations in host responses to different viruses and lung regions can significantly enhance our understanding of emerging viruses and facilitate early drug screening," says senior researcher Takeshi Noda.

"Integrating iPSCs into our MPS offers unparalleled advantages, with the cells providing benefits such as personalized medicine and isogenic models," adds Shimpei Gotoh, another senior team member.

This chip system has potential applications beyond viral infections, and could be used to enhance personalized medicine by enabling the use of patient-specific iPSCs to study other conditions as well.
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Drones reveal 41,000-turtle nesting mega-site hidden in the Amazon | ScienceDaily
A University of Florida research team has developed a more accurate way to count wildlife using drones -- an innovation that helped confirm the world's largest known nesting site for a threatened turtle species.


						
By combining aerial imagery with statistical modeling, the researchers documented more than 41,000 Giant South American River Turtles gathered along the Amazon's Guapore River. Their findings, published in the Journal of Applied Ecology, offer a new tool for conservationists seeking to monitor vulnerable animal populations with greater precision.

"We describe a novel way to more efficiently monitor animal populations," said lead study author Ismael Brack, a post-doctoral researcher within the UF Institute of Food and Agricultural Sciences' (UF/IFAS) School of Forest, Fisheries and Geomatics Sciences. "And although the method is used to count turtles, it could also be applied to other species."

The project began with Wildlife Conservation Society (WCS) researchers in Brazil, Colombia and Bolivia. One of the species the New York-based organization monitors is the Giant South American River Turtle, which is threatened by poachers who sell its meat and eggs. The turtles are exceptionally social creatures, and females congregate each year in July or August to nest in the Guapore River sandbanks between Brazil and Bolivia.

Brack met WCS scientists at a conference, and they shared how they use drones to count the turtles, he said. They create orthomosaics, which are highly detailed, high-resolution composite images made by stitching together hundreds of overlapping aerial photographs.

Counting the animals shown in orthomosaics is a quicker, more accurate and less-invasive approach than counting animals from the ground. The method alone, however, doesn't account for the fact that animals sometimes move during observation.

Together, researchers from UF and the WCS developed a method that improves counting accuracy by eliminating multiple sources of error, including double counts (the same individual counted multiple times) and missed individuals.




Researchers used white paint to mark the shells of 1,187 turtles gathering on an island sandbank within the Guapore River, according to the study. Over 12 days, a drone flew overhead on a meticulous, back-and-forth path four times a day and snapped 1,500 photos each time. Using software, scientists stitched the photos together, and researchers reviewed the composite images.

They recorded each turtle, if its shell was marked and whether the animal was nesting or walking when photographed. Equipped with this data, they developed probability models that account for individuals entering and leaving the area, observed turtle behaviors and the likelihood of detecting an identifiable shell mark.

The models revealed several potential sources of error that could arise from traditional orthomosaic-based counts, according to the study. Only 35% of the turtles that used the sandbank, for example, were present during drone flights. And, on average, 20% of the those detected walking appeared multiple times in orthomosaics -- some as many as seven times.

Observers on the ground counted about 16,000 turtles, according to the study. Researchers who reviewed the orthomosaics but didn't account for animal movement or shell markings counted about 79,000 turtles. When they applied their models, however, they estimated about 41,000 turtles.

"These numbers vary greatly, and that's a problem for conservationists," Brack said. "If scientists are unable to establish an accurate count of individuals of a species, how will they know if the population is in decline or whether efforts to protect it are successful?"

The study describes ways to adapt and apply the approach to conservation efforts involving other species surveyed by drone-derived orthomosaics. Past monitoring studies, for example, have involved clipping seals' fur, attaching high-visibility collars to elk and marking mountain goats with paintball pellets to keep track of animal movement during counts.

The research team plans to perfect monitoring methods by conducting additional drone flights at the Guapore River nesting site and in other South American countries where the Giant South American River Turtle gathers, including in Colombia and possibly Peru and Venezuela, Brack said.

"By combining information from multiple surveys, we can detect population trends, and the Wildlife Conservation Society will know where to invest in conservation actions," he said.
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400-million-year-old fish exposes big mistake in how we understood evolution | ScienceDaily
The coelacanth is known as a "living fossil" because its anatomy has changed little in the last 65 million years. Despite being one of the most studied fish in history, it continues to reveal new information that could transform our understanding of vertebrate evolution. This is revealed in a study published in the journal Science Advances by researchers from the University of Sao Paulo (USP) in Brazil and the Smithsonian Institution in the United States.


						
Upon re-examining the cranial musculature of the African coelacanth (Latimeria chalumnae), the authors discovered that only 13% of the previously identified evolutionary muscle novelties for the largest vertebrate lineages were accurate. The study also identified nine new evolutionary transformations related to innovations in feeding and respiration in these groups.

"Ultimately, it's even more similar to cartilaginous fish [sharks, rays, and chimaeras] and tetrapods [birds, mammals, amphibians, and reptiles] than previously thought. And even more distinct from ray-finned fish, which make up about half of living vertebrates," says Alessio Datovo, a professor at the Museum of Zoology (MZ) at USP supported by FAPESP, who led the study.

Among the evolutionary novelties erroneously identified as present in coelacanths are muscles responsible for actively expanding the buccopharyngeal cavity, which extends from the mouth to the pharynx. This set of muscles is directly related to food capture and respiration. However, the study showed that these supposed muscles in coelacanths were actually ligaments, which are structures incapable of contraction.

Ray-finned fish (actinopterygii) and lobe-finned fish (sarcopterygii) diverged from a common ancestor approximately 420 million years ago. The sarcopterygii include fish such as coelacanths and lungfish, as well as all other tetrapods, because they evolved from an aquatic ancestor. These include mammals, birds, reptiles, and amphibians.

In ray-finned fish, such as aquarium carp, it is easy to see how the mouth moves to suck in food. This ability gave actinopterygii a significant evolutionary advantage; today, they comprise about half of all living vertebrates.

This is a fundamental difference from other fish, such as coelacanths and sharks, which primarily feed by biting their prey.




"In previous studies, it was assumed that this set of muscles that would give greater suction capacity was also present in coelacanths and, therefore, would have evolved in the common ancestor of bony vertebrates, which we now show isn't true. This only appeared at least 30 million years later, in the common ancestor of living ray-finned fish," points out Datovo.

Behind the scenes

Coelacanths are extremely rare fish that live about 300 meters below the surface of the water and spend their days in underwater caves.

One reason they have changed so little since the extinction of the dinosaurs is that they have few predators and live in a relatively protected environment. This has resulted in slow changes to their genome, as shown by a 2013 study published in the journal Nature.

Coelacanths were first known only from fossils from about 400 million years ago. It was not until 1938 that a living animal was discovered, much to the astonishment of scientists. In 1999, another species (Latimeria chalumnae) was discovered in Asian waters.

Due to the rarity of specimens in museums, researchers from USP and the Smithsonian Institution's National Museum of Natural History had to persevere to find an institution willing to lend animals for dissection.




The Field Museum in Chicago and the Virginia Institute of Marine Science, both in the United States, finally agreed to lend one specimen each. According to Datovo, G. David Johnson, co-author of the article, deserves credit for obtaining the loan.

Johnson, born in 1945, was "probably the greatest fish anatomist of his time," according to Datovo. He died in November 2024 after a domestic accident while the study was under review.

Contribution

"Contrary to what it may seem, dissecting a specimen does not mean destroying it as long as it's done properly," says Datovo.

The researcher, who has been conducting this type of study for over 20 years, spent six months separating all the muscles and skull bones of the coelacanth. These structures are now preserved and can be studied individually by other scientists, eliminating the need to dissect a new animal.

Seeing each muscle and nerve firsthand allowed the authors to identify what was actually in the coelacanth's head with certainty, point out previously undescribed structures, and correct errors that had been repeated in the scientific literature for over 70 years.

"There were many contradictions in the literature. When we finally got to examine the specimens, we detected more errors than we'd imagined. For example, 11 structures described as muscles were actually ligaments or other types of connective tissue. This has a drastic consequence for the functioning of the mouth and breathing, because muscles perform movement, while ligaments only transmit it," he explains.

Due to the position of coelacanths in the vertebrate tree of life, the discovery impacts our understanding of cranial evolution in all other large vertebrate groups.

With this information, the researcher used three-dimensional microtomography images of the skulls of other groups of fish, both extinct and living. These images are made available by other researchers who study fish anatomy when they perform 3D scans.

From images of the skull bones of other fish from completely extinct lineages, Datovo and Johnson were able to infer where the muscles found in coelacanths would fit, elucidating the evolution of these muscles in the first jawed vertebrates. In future work, Datovo intends to analyze similarities with the muscles of tetrapods, such as amphibians and reptiles.
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Clockwork from scratch: How scientists made timekeeping cells | ScienceDaily
A team of UC Merced researchers has shown that tiny artificial cells can accurately keep time, mimicking the daily rhythms found in living organisms. Their findings shed light on how biological clocks stay on schedule despite the inherent molecular noise inside cells.


						
The study, recently published in Nature Communications, was led by bioengineering Professor Anand Bala Subramaniam and chemistry and biochemistry Professor Andy LiWang. The first author, Alexander Zhang Tu Li, earned his Ph.D. in Subramaniam's lab.

Biological clocks -- also known as circadian rhythms -- govern 24-hour cycles that regulate sleep, metabolism and other vital processes. To explore the mechanisms behind the circadian rhythms of cyanobacteria, the researchers reconstructed the clockwork in simplified, cell-like structures called vesicles. These vesicles were loaded with core clock proteins, one of which was tagged with a fluorescent marker.

The artificial cells glowed in a regular 24-hour rhythm for at least four days. However, when the number of clock proteins was reduced or the vesicles were made smaller, the rhythmic glow stopped. The loss of rhythm followed a reproducible pattern.

To explain these findings, the team built a computational model. The model revealed that clocks become more robust with higher concentrations of clock proteins, allowing thousands of vesicles to keep time reliably -- even when protein amounts vary slightly between vesicles.

The model also suggested another component of the natural circadian system -- responsible for turning genes on and off -- does not play a major role in maintaining individual clocks but is essential for synchronizing clock timing across a population.

The researchers also noted that some clock proteins tend to stick to the walls of the vesicles, meaning a high total protein count is necessary to maintain proper function.




"This study shows that we can dissect and understand the core principles of biological timekeeping using simplified, synthetic systems," Subramaniam said.

The work led by Subramaniam and LiWang advances the methodology for studying biological clocks, said Mingxu Fang, a microbiology professor at Ohio State University and an expert in circadian clocks.

"The cyanobacterial circadian clock relies on slow biochemical reactions that are inherently noisy, and it has been proposed that high clock protein numbers are needed to buffer this noise," Fang said. "This new study introduces a method to observe reconstituted clock reactions within size-adjustable vesicles that mimic cellular dimensions. This powerful tool enables direct testing of how and why organisms with different cell sizes may adopt distinct timing strategies, thereby deepening our understanding of biological timekeeping mechanisms across life forms."

Subramaniam is a faculty member in the Department of Bioengineering and an affiliate of the Health Sciences Research Institute (HSRI). LiWang is a faculty member in the Department of Chemistry and Biochemistry, also affiliated with HSRI. He is a fellow of the American Academy of Microbiology and the 2025 recipient of the Dorothy Crowfoot Hodgkin Award from The Protein Society.

The work was supported by Subramaniam's National Science Foundation CAREER award from the Division of Materials Research and by grants from the National Institutes of Health and Army Research Office awarded to LiWang. LiWang was supported by a fellowship from the NSF CREST Center for Cellular and Biomolecular Machines at UC Merced.
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Building electronics that don't die: Columbia's breakthrough at CERN | ScienceDaily
The Large Hadron Collider (LHC) is tough on electronics. Situated inside a 17-mile-long tunnel that runs in a circle under the border between Switzerland and France, this massive scientific instrument accelerates particles close to the speed of light before smashing them together. The collisions yield tiny maelstroms of particles and energy that hint at answers to fundamental questions about the building blocks of matter.


						
Those collisions produce an enormous amount of data -- and enough radiation to scramble the bits and logic inside almost any piece of electronic equipment.

That presents a challenge to CERN's physicists as they attempt to probe deeper into the mysteries of the Higgs boson and other fundamental particles. Off-the-shelf components simply can't survive the harsh conditions inside the accelerator, and the market for radiation-resistant circuits is too small to entice investment from commercial chip manufacturers.

"Industry just couldn't justify the effort, so academia had to step in," according to Peter Kinget, the Bernard J. Lechner Professor of Electrical Engineering at Columbia Engineering. "The next discoveries made with the LHC will be triggered by one Columbia chip and measured by another."

Kinget leads the team that designed specialized silicon chips that collect data in one of the harshest and most important environments in particle physics. Their most recent paper describing this project was published July 1 in the IEEE Open Journal of the Solid-State Circuits Society.

"These sort of collaborations between physicists and engineers are very important to advancing our ability to explore fundamental questions about the universe," according to John Parsons, professor of physics at Columbia University and leader of the Columbia team working on the ATLAS detector, one of the LHC's massive instruments. "Developing state-of-the-art instrumentation is crucial to our success."

Circuits that resist radiation

The devices the team designed are called analog-to-digital converters, or ADCs. Their task is capturing electrical signals produced by particle collisions inside CERN's detectors and translating them into digital data that researchers can analyze.




In the ATLAS detector, the electrical pulses generated by particle collisions are measured using a device called a liquid argon calorimeter. This enormous vat of ultra-cold argon captures an electronic trace of every particle that passes through. Columbia's ADC chips convert these delicate analog signals into precise digital measurements, capturing details that no existing component could reliably record.

"We tested standard, commercial components, and they just died. The radiation was too intense," says Rui (Ray) Xu, a Columbia Engineering PhD student who has worked on the project since he was an undergraduate at the University of Texas. "We realized that if we wanted something that worked, we'd have to design it ourselves."

Designing "high-accuracy" reliability

Instead of creating entirely new manufacturing methods, the team used commercial semiconductor processes validated by CERN for radiation resistance and applied innovative circuit-level techniques. They carefully chose and sized components and arranged circuit architectures and layouts to minimize radiation damage and built digital systems that automatically detect and correct errors in real time. Their resulting design is resilient enough to withstand the unusually severe conditions at LHC for more than a decade.

Two Columbia-designed ADC chips are expected to be integrated into the ATLAS experiment's upgraded electronics. The first, called the trigger ADC, is already operating at CERN. This chip, initially described in 2017 and validated in 2022, enables the trigger system to filter about a billion collisions each second and to instantly select only the most scientifically promising events to record. It serves as a digital gatekeeper deciding what merits deeper investigation.

The second chip, the data acquisition ADC, recently passed its final tests and is now in full production. The chip, which was described in an IEEE paper earlier this year, will be installed as part of the next LHC upgrade. It will very precisely digitize the selected signals, enabling physicists to explore phenomena like the Higgs boson, whose discovery at CERN made headlines in 2012 and led to the Nobel Prize in physics in 2013, but whose exact properties still hold mysteries.




Both chips represent the kind of direct collaboration between fundamental physicists and engineers.

"The opportunity as an engineer to contribute so directly to fundamental science, is what makes this project special," Xu said.

It further created opportunities to collaborate across multiple institutions. The chips were designed by electrical engineers at Columbia and at the University of Texas, Austin, in close collaboration with physicists at Columbia's Nevis Laboratories and the University of Texas, Austin.

Funded by the National Science Foundation and the Department of Energy, Columbia's chips play a central role in a broader international collaboration coordinated in part by Columbia's Nevis Laboratories. As research at CERN advances, Columbia-designed components will contribute to data acquisition systems that support physicists in analysing phenomena beyond the current limits of knowledge.
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Digital twins are reinventing clean energy - but there's a catch | ScienceDaily
As the world grapples with the urgent need to reduce carbon emissions and combat climate change, researchers at the University of Sharjah are turning to a cutting-edge technology that could reshape the future of energy: AI-powered digital twins.


						
According to the researchers, these digital replicas of the physical world have the potential to transform the generation, management, and optimization of energy across diverse clean energy platforms, accelerating the transition away from fossil fuels, which environmental scientists associate with global warming.

Digital twins' ability to replicate and interact with complex systems has made them a cornerstone of innovation across industries, driving improvements in efficiency, cost reduction, and the development of novel solutions.

However, the scientists caution that current digital twin models still face notable limitations that restrict their full potential in harnessing energy from sources such as wind, solar, geothermal, hydroelectric, and biomass.

"Digital twins are highly effective in optimizing renewable energy systems," the researchers write in the journal Energy Nexus. "Yet, each energy source presents unique challenges -- ranging from data variability and environmental conditions to system complexity -- that can limit the performance of digital twin technologies, despite their considerable promise in improving energy generation and management."

In their study, the authors conducted an extensive review of existing literature on the application of digital twins in renewable energy systems. They examined various contexts, functions, lifecycles, and architectural frameworks to understand how digital twins are currently being utilized and where gaps remain.

To extract meaningful insights, the researchers employed advanced text mining techniques, leveraging artificial intelligence, machine learning, and natural language processing. This scientifically rigorous approach enabled them to analyze large volumes of raw data and uncover structured patterns, concepts, and emerging trends.




From this in-depth analysis, the authors drew several key conclusions. They identified research gaps, proposed new directions, and outlined the challenges that must be addressed to fully harness the potential of digital twin technology in the renewable energy sector.

Following a detailed discussion on the integration of digital twins across various renewable energy applications, the authors summarized their most significant findings across five major energy sources: wind, solar, geothermal, hydroelectric, and biomass. Each source presents unique opportunities and challenges, and the study offers a comprehensive overview of how digital twins can be tailored to optimize performance in each domain.

The study reveals that digital twins offer significant advantages across various renewable energy systems:

Wind Energy: Digital twins can predict unknown parameters and correct inaccurate measurements, enhancing system reliability and performance.

Solar Energy: They help identify key factors that influence efficiency and output power, enabling better system design and optimization.

Geothermal Energy: Digital twins can simulate the entire operational process -- particularly drilling -- facilitating cost analysis and reducing both time and expenses.




Hydroelectric Energy: The AI-driven models simulate system dynamics to identify influencing factors. In older hydro plants, they are used to mitigate the impact of worker fatigue on productivity.

Biomass Energy: Digital twins improve performance and management by offering deep insights into operational processes and plant configurations.

But the authors' contribution to the field stands out in highlighting critical limitations in the application of digital twin technology across these energy sources. Their analysis underscores the need for more robust models that can address specific challenges unique to each renewable energy system.

The authors identify several limitations in the application of digital twins across different renewable energy systems:

Wind Energy: Digital twins face challenges in accurately modeling and monitoring environmental conditions. They struggle to simulate critical factors such as blade erosion, gearbox degradation, and electrical system performance -- particularly in aging turbines.

Solar Energy: Despite their potential, digital twins still fall short in reliably predicting long-term performance. They have difficulty tracking panel degradation and accounting for environmental influences over time, which affects their accuracy and usefulness.

Geothermal Energy: A major obstacle is the lack of high-quality data, which hampers the ability of digital twins to simulate geological uncertainties and subsurface conditions. The technology also faces complexity in modeling the long-term behavior of geothermal systems, including heat transfer and fluid flow dynamics.

Hydroelectric energy: Applied to hydroelectric projects, digital twins face challenges in accurately modeling water flow variability and in capturing environmental and ecological constraints. These limitations reduce their effectiveness in optimizing system performance and sustainability.

biomass energy: When used with biomass energy systems, digital twins still struggle to simulate the entire production supply chain. They fall short in providing precise models for biological processes, biomass conversion, and the complex biochemical and thermochemical reactions involved.

The authors emphasize the broader implications of these shortcomings for the renewable energy sector. To address these challenges, they offer a set of guidelines and a research roadmap aimed at helping scientists enhance the reliability and precision of digital twin technologies.

Their recommendations focus on improving data collection methods, advancing modeling techniques, and expanding computational capabilities to ensure digital twins can deliver trustworthy insights for decision-making and system optimization.
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Did humans learn to walk in trees? | ScienceDaily
It's hard to tell when -- and why -- our ancestors got down from trees and started walking on two legs. Many early hominins capable of bipedal walking were also well-adapted for climbing, and we lack fossil evidence from a key period when climate change turned forests into open, dry woodland called savannah-mosaic, which might have pushed hominins onto the ground. Now a study on modern chimpanzees could help fill in the gaps. Scientists observing chimpanzees in the Issa Valley, Tanzania have shown that despite living in a savannah-mosaic, they frequently climb trees for valuable food -- potentially explaining why early hominins kept their arboreal adaptations.


						
"For decades it was assumed that bipedalism arose because we came down from the trees and needed to walk across an open savannah," said Dr Rhianna Drummond-Clarke of the Max Planck Institute for Evolutionary Anthropology, lead author of the article in Frontiers in Ecology and Evolution. "Here we show that safely and effectively navigating the canopy can remain very important for a large, semi-arboreal ape, even in open habitat. Adaptations to arboreal, rather than terrestrial, living may have been key in shaping the early evolution of the human lineage."

Habitats and hunger 

Issa Valley is divided between a small amount of thick forest surrounding riverbanks and open woodland. The chimpanzees forage more in the woodland during the dry season, when it offers more food. Their habitat and diet are comparable to those of some early hominins, which means their behavior might offer insights into those extinct hominins' lives.

"Our previous research found that, compared to chimpanzees living in forests, Issa Valley chimpanzees spent just as much time moving in the trees," said Drummond-Clarke. "We wanted to test if something about how they foraged could explain their unexpectedly high arboreality. Savannah-mosaics are characterized by more sparsely distributed trees, so we hypothesized that adapting behavior to forage efficiently in a tree would be especially beneficial when the next tree is further away."

Researchers monitored the adults of the Issa community during the dry season, watching how they foraged in trees and what they ate there. The size, height, and shape of the trees were recorded, as well as the number and size of branches.

Issa chimpanzees mostly ate fruit, followed by leaves and flowers -- foods found at the ends of branches, so the chimpanzees needed to be capable climbers to reach them safely. They spent longer foraging in trees that were larger and offered more food. The longest foraging sessions, and the most specialized behaviors to navigate thinner terminal branches, were seen in trees with large open crowns offering lots of food: perhaps abundant food justified the extra time and effort. A similar trade-off between the nutritional benefits of specific foods and the effort of acquiring them could also explain why chimpanzees spent longer in trees while eating nutritionally-rich, hard-to-access seeds.




Fast food 

Because they are relatively large, chimpanzees move within trees not by climbing on thin branches but by hanging under them, or standing upright and holding on to nearby branches with their hands. Although these 'safe' behaviors are traditionally associated with foraging in dense forest, these findings show they're also important for chimpanzees foraging in a savannah-mosaic.

"We suggest our bipedal gait continued to evolve in the trees even after the shift to an open habitat," said Drummond-Clarke. "Observational studies of great apes demonstrate they can walk on the ground for a few steps, but most often use bipedalism in the trees. It's logical that our early hominin relatives also engaged in this kind of bipedalism, where they can hold onto branches for extra balance. If Issa Valley chimpanzees can be considered suitable models, suspensory and bipedal behaviors were likely vital for a large-bodied, fruit-eating, semi-terrestrial hominin to survive in an open habitat."

However, the researchers say that we need more fossil evidence and more studies on different aspects of chimpanzee foraging to test this idea.

"This study only looked at foraging behavior during the dry season," cautioned Drummond-Clarke. "It would be interesting to investigate if these patterns remain during the wet season. Analyses of the nutritional value of foods and overall food availability are also needed to test our hypothesis that a strategy of foraging for longer in large trees on certain foods is energy-efficient in an open habitat.

"Importantly, this is also only one community of chimpanzees. Future studies of other chimpanzees living in such dry, open habitats will be vital to see if these patterns are truly a savannah-mosaic signal or unique to Issa."
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The real-life Kryptonite found in Serbia-and why it could power the future | ScienceDaily
    	Jadarite has been likened to Superman's 'kryptonite' based on their similar chemical compositions.
    	It was discovered in the Jadar Valley of Serbia and officially recognized as a new mineral in 2006.
    	Whilst lacking any actual superpowers, jadarite has great potential as an important resource of lithium and boron.

Kryptonite's twin on Earth 

Described as 'Earth's kryptonite twin', jadarite is a rare and fascinating mineral that quickly caught the attention of scientists and Superman fans alike.

The mineral was discovered by exploration geologists from Rio Tinto in 2004 in the Jadar Valley of Serbia. Its chemical composition is exactly like the fictional kryptonite right out of the comic books -- with a few differences. Where kryptonite glows green and weakens superheroes, jadarite offers immense potential for Earth's energy transition away from fossil fuels.

A new mineral on the scene 

Jadarite was identified by Rio Tinto geologists during exploration drilling and didn't match any known mineral at the time. After analysis by the Natural History Museum in London and the National Research Council of Canada, it was officially recognised as a new mineral in 2006.

Jadarite is a "sodium lithium boron silicate hydroxide" mineral, coincidentally the same scientific name written on a case containing kryptonite stolen by Lex Luther from a museum in the film Superman Returns.




While the film version of kryptonite contains fluorine and glows an eery green, the chemical formula of the real version is LiNaSiB3O7(OH) and is a much less supernatural dull white -- though it does fluoresce a pinkish-orange under UV light.

Super in its own right 

Michael Page, a scientist with Australia's Nuclear Science and Technology Organisation (ANSTO), said that the mineral is 'super' in its own right.

"While lacking any supernatural powers the real jadarite has great potential as an important source of lithium and boron," Michael said.

"In fact, the Jadar deposit where it was first discovered is considered one of the largest lithium deposits in the world, making it a potential game-changer for the global green energy transition."

ANSTO is one of the three supporting agencies of the Australian Critical Minerals R&D Hub, alongside Geoscience Australia and CSIRO, hosted by CSIRO. One of the Hub's key missions is to better connect Australia's R&D ecosystem, including Australian industry, to enable access and utilization of critical minerals to strengthen Australia's value chain domestically and across the globe.

The work that ANSTO does has a significant focus on how these critical minerals, such as jadarite, can be utilised to support Australian industry in a commercial capacity.

"At ANSTO, we work with industry to develop process solutions for many critical elements including lithium, and the challenges posed by a new type of mineral resource are very exciting," Michael said.

ANSTO has produced battery grade lithium chemicals from many different mineral deposits, such as spodumene, lepidolite and even jadarite, ensuring that Australian miners receive the support they need to meet the challenges of the energy transition.
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Quantum tunneling mystery solved after 100 years-and it involves a surprise collision | ScienceDaily
Recently, Professor Dong Eon Kim from POSTECH's Department of Physics and Max Planck Korea-POSTECH Initiative and his research team have succeeded in unraveling for the first time the mystery of the 'electron tunneling' process, a core concept in quantum mechanics, and confirmed it through experiments. This study was published in the international journal Physical Review Letters and is attracting attention as a key to unlocking the long-standing mystery of 'electron tunneling,' which has remained unsolved for over 100 years.


						
While the idea of teleporting through walls may sound like something out of a movie, such phenomena actually occur in the atomic world. This phenomenon, called 'quantum tunneling,' involves electrons passing through energy barriers (walls) that they seemingly cannot surmount with their energy, as if digging a tunnel through them.

This phenomenon is the principle by which semiconductors, i. e., core components of smartphones and computers, operate, and is also essential for nuclear fusion, the process that produces light and energy in the sun. However, until now, while some understanding existed about what happens before and after an electron passes through a tunnel, the exact behavior of the electron as it traverses the barrier remained unclear. We know the entrance and exit of the tunnel, but what happens inside has remained a mystery.

Professor Kim Dong Eon's team, along with Professor C. H. Keitel's team at the Max Planck Institute for Nuclear Physics in Heidelberg, Germany, conducted an experiment using intense laser pulses to induce electron tunneling in atoms. The results revealed a surprising phenomenon: electrons do not simply pass through the barrier but collide again with the atomic nucleus inside the tunnel. The research team named this process 'under-the-barrier recollision' (UBR). Until now, it was believed that electrons could only interact with the nucleus after exiting the tunnel, but this study confirmed for the first time that such interaction can occur inside the tunnel.

Even more intriguingly, during this process, electrons gain energy inside the barrier and collide again with the nucleus, thereby strengthening what is known as 'Freeman resonance.' This ionization was significantly greater than that observed in previously known ionization processes and was hardly affected by changes in laser intensity. This is a completely new discovery that could not be predicted by existing theories.

This research is significant as it is the first in the world to elucidate the dynamics of electrons during tunneling. It is expected to provide an important scientific foundation for more precise control of electron behavior and increased efficiency in advanced technologies such as semiconductors, quantum computers, and ultrafast lasers that rely on tunneling.

Professor Kim Dong Eon stated, "Through this study, we were able to find clues about how electrons behave when they pass through the atomic wall," and added, "Now, we can finally understand tunneling more deeply and control it as we wish."

Meanwhile, this research was supported by the National Research Foundation of Korea and the Capacity Development Project of the Korea Institute for Advancement of Technology.
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Ghost particles may secretly decide the fate of collapsing stars | ScienceDaily
Neutrinos are cosmic tricksters, paradoxically hardly there but lethal to stars significantly more massive than the sun. These elementary particles come in three known "flavors": electron, muon and tau. Whatever the flavor, neutrinos are notoriously slippery, and much about their properties remains mysterious. It is almost impossible to collide neutrinos with each other in the lab, so it is not known if neutrinos interact with each other according to the standard model of particle physics, or if there are much-speculated "secret" interactions only among neutrinos.


						
Now a team of researchers from the Network for Neutrinos, Nuclear Astrophysics, and Symmetries (N3AS), including several from UC San Diego, have shown, through theoretical calculations, how collapsing massive stars can act as a "neutrino collider." Neutrinos steal thermal energy from these stars, forcing them to contract and causing their electrons to move near light speed. This drives the stars to instability and collapse

Eventually the collapsing star's density becomes so high that the neutrinos are trapped and collide with each other. With purely standard model interactions, the neutrinos will be mostly electron flavor, the matter will be relatively "cold," and the collapse will likely leave a neutron star remnant. However, secret interactions that change neutrino flavor radically alter this scenario, producing neutrinos of all flavors and leading to a mostly neutron "hot" core that may lead to a black hole remnant.

Fermi National Accelerator Lab's upcoming Deep Underground Neutrino Experiment (DUNE) might be able to test these ideas, as might future observations of the neutrinos or gravitational waves from collapsing stars.

The study, published June 18, 2025 in Physical Review Letters, was led by UC San Diego researchers Anna M. Suliga, Julien Froustey, Lukas Graf, Kyle Kehrer and George Fuller, as well as collaborators from other institutions. Their research was funded, in part, by the National Science Foundation (PHY-2209578 and PHY-2020275), the Department of Energy (DE-AC02-07CHI11359), and the Heising-Simons Foundation (2017-228).
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Eggs are off the hook-study reveals bacon's the real heart risk | ScienceDaily
From poached to panfried, when it comes to eggs, it's all sunny side up, as new research from the University of South Australia confirms that this breakfast favourite won't crack your cholesterol.


						
Long blamed for high cholesterol, eggs have been beaten up for their assumed role in cardiovascular disease (CVD). Now, UniSA researchers have shown definitively that it's not dietary cholesterol in eggs but the saturated fat in our diets that's the real heart health concern.

In a world-first study, researchers examined the independent effects of dietary cholesterol and saturated fat on LDL cholesterol (the 'bad' kind), finding that eating two eggs a day - as part of a high cholesterol but low saturated fat diet - can actually reduce LDL levels and lower the risk of heart disease.

CVD is the leading cause of death worldwide, responsible for nearly 18 million deaths each year. In Australia, one person dies from CVD every 12 minutes, accounting for one in four of deaths nationwide.

Lead researcher, UniSA's Professor Jon Buckley, says it's time to rethink the reputation of eggs.

"Eggs have long been unfairly cracked by outdated dietary advice," Prof Buckley says.

"They're unique - high in cholesterol, yes, but low in saturated fat. Yet it's their cholesterol level that has often caused people to question their place in a healthy diet.




"In this study, we separated the effects of cholesterol and saturated fat, finding that high dietary cholesterol from eggs, when eaten as part of a low saturated fat diet, does not raise bad cholesterol levels.

"Instead, it was the saturated fat that was the real driver of cholesterol elevation.

"You could say we've delivered hard-boiled evidence in defense of the humble egg.

"So, when it comes to a cooked breakfast, it's not the eggs you need to worry about - it's the extra serve of bacon or the side of sausage that's more likely to impact your heart health."
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Decades of chemistry rewritten: A textbook reaction just flipped | ScienceDaily
Speeding up chemical reactions is key to improving industrial processes or mitigating unwanted or harmful waste. Realizing these improvements requires that chemists design around documented reaction pathways. Now, a team of Penn State researchers has found that a fundamental reaction called oxidative addition can follow a different path to achieve the same ends, raising the question of whether this new order of events has been occurring all along and potentially opening up new space for chemical design.


						
A paper describing the research appeared June 23, 2025 in the Journal of the American Chemical Society.

The reactions of organic compounds -- those containing carbon, hydrogen, oxygen and a few other elements -- are limited by the bonding patterns and electron arrangements specific to organic elements. More electron arrangements are available in transition metals, another type of element that includes, for example, platinum and palladium. When transition metals interact with organic compounds, this added layer of complexity can modify the electron structure of organic compounds leading to a wider diversity of potential reactions, including breaking chemical bonds and catalyzing reactions not possible among purely organic compounds. Understanding the diversity of ways these chemical reactions can occur could help chemists design ways to exploit transition metals to increase the efficiency of industrial processes or find new solutions that could, for example, help reduce environmental pollutants, according to the researchers.

"Transition metals have properties that allow them to 'break the rules' of organic chemistry," said Jonathan Kuo, assistant professor of chemistry in the Eberly College of Science at Penn State and the leader of the research team. "As an example, even though biological systems are largely considered to be organic, much of the chemistry in cells occurs at active sites, where metallic co-factors actually drive the reactivity. Transition metals are also used to catalyze industrial-scale chemical reactions. General understanding as to how these reactions work is a way to approach the efficiency of nature or even invent reactions that don't have a known analogy in nature."

Chemical reactions occur because the atoms that compose molecules "want" to be in a state that is more stable. This stabilization is accomplished mainly by rearranging electrons amongst orbitals -- the cloudlike regions around atomic nuclei where electrons are likely to be located. A hydrogen atom, for example, has only one electron that lives in a "1s" orbital. However, two hydrogen atoms can bond to make dihydrogen (H2), where the two 1s orbitals mix to make two hybrid orbitals. The more stable of the two hybrid orbitals hosts the two electrons, resulting in a net energy savings and more stability. Larger, more complex elements can have multiple s-orbitals with different energy levels as well as p-, d- and f-orbitals, which have varied shapes and capacity, leading to more diversity in electronic structure and more possible types of chemical reactions.

"In nature, a hydrogen atom can only support its electron using its only orbital resource, the 1s orbital," Kuo said. "But two hydrogen atoms can get together and say, 'we have two electrons and two orbital resources, what's the most efficient way to share the burden amongst our resources. Most organic elements have only s- and p-orbitals, but the transition metals add d-orbitals to the mix."

In most descriptions of oxidative addition, transition metals are said to donate their electrons to organic substrates during the binding process. The close proximity of the organic molecule to the transition metal allows the two sets of orbitals to mix, driving many types of reactions. Because of this, there has been much effort to develop transition metal compounds that are electron dense, which would potentially make them more powerful activators.




"It has, however, been noted that some oxidative additions are a little different," Kuo said. "A subgroup are actually accelerated by transition metal compounds that are electron deficient. We were able to identify a plausible explanation, where instead of the transition metal donating elections, the first step in the reaction involved electrons moving from an organic molecule to the transition metal. This type of electron flow, known as heterolysis, is well-known, but had not previously been observed to result in a net oxidative addition."

The research team used compounds containing the transition metals platinum and palladium -- which were not electron dense -- and exposed them to hydrogen gas. They then used nuclear magnetic resonance (NMR) spectroscopy to monitor changes to the transition metal complex. In this way, they could observe an intermediate step that indicates hydrogen had donated its electrons to the metal complex, prior to approaching a final resultant state that was indistinguishable from oxidative addition.

"We are excited to add this new play to the transition metal playbook," Kuo said. "Showing that this can occur opens up new and exciting ways we might use transition metal chemistry. I am especially interested in finding reactions that could break down stubborn pollutants."

In addition to Kuo, the research team includes first author Nisha Rao, a graduate student in chemistry at Penn State. The Penn State Eberly College of Science supported this research.
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An 'impossible' 20-electron molecule challenges 100 years of chemistry | ScienceDaily
For over a century, the well-known 18-electron rule has guided the field of organometallic chemistry. Now, researchers at Okinawa Institute of Science and Technology (OIST) have successfully synthesized a novel organometallic compound that challenges this longstanding principle. They have created a stable 20-electron derivative of ferrocene, an iron-based metal-organic complex, which could lead to exciting possibilities in chemical science.  


						
"For many transition metal complexes, they are most stable when surrounded by 18 formal valence electrons. This is a chemical rule of thumb on which many key discoveries in catalysis and materials science are based," said Dr. Satoshi Takebayashi, lead author of the paper published in Nature Communications, in collaboration with scientists from Germany, Russia, and Japan. Ferrocene is a classic example that embodies this rule. "We have now shown for the first time that it is possible to synthesize a stable 20-electron ferrocene derivative," he added.

This breakthrough improves our understanding of the structure and stability of metallocenes, a class of compounds known for their characteristic "sandwich" structure, in which a metal atom sits between two organic rings. 

Rebuilding our conceptual understanding 

First synthesized in 1951, ferrocene revolutionized chemistry with its unexpected stability and unique structure, eventually earning its discoverers the 1973 Nobel Prize in Chemistry. In many ways, ferrocene opened a new chapter in our understanding of metal-organic bonding and launched the modern field of organometallic chemistry, which continues to inspire generations of scientists to explore metal-organic compounds. 

This new study builds on that foundation. By designing a novel ligand system, the team was able to stabilize a ferrocene derivative with 20 valence electrons, coordination chemistry that was previously considered improbable. "Moreover, the additional two valence electrons induced an unconventional redox property that holds potential for future applications," Dr. Takebayashi noted. This is important because even though ferrocene is already used in reactions involving electron transfer, known as redox reactions, it has traditionally been limited to a narrow range of oxidation states. By enabling access to new oxidation states through the formation of an Fe-N bond in this derivative, it expands the ways in which ferrocene can gain or lose electrons. As a result, it could become even more useful as a catalyst or functional material across a variety of fields, from energy storage to chemical manufacturing. 

Understanding how to break and rebuild the rules of chemical stability enables researchers to design molecules with tailor-made properties. These insights could inspire new research aimed at advancing sustainable chemistry, including the development of green catalysts and next-generation materials. 

A platform for future innovation 




Ferrocene derivatives have already made their way into various technologies, from solar cells and pharmaceuticals to medical devices and advanced catalysts. By expanding the conceptual toolkit available to chemists, this latest breakthrough could help build on and diversify these applications while inspiring entirely new ones. 

The Organometallic Chemistry Group at OIST focuses on uncovering the fundamental principles that govern metal-organic interactions and applying them to real-world challenges. The team has a special interest in unconventional compounds that defy standard chemical rules, such as the 20-electron ferrocene derivative reported in this study. 

This work was supported by the Japan Society for the Promotion of Science (JSPS), the JSPS Program for Forming Japan's Peak Research Universities, the Instrumental Analysis and Engineering Sections of the Okinawa Institute of Science and Technology Graduate University (OIST), and the OIST Buribushi Fellowship. 
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Deep-sea fish just changed what we know about Earth's carbon cycle | ScienceDaily
A new study offers the first direct evidence that deep-dwelling mesopelagic fish, which account for up to 94 percent of global fish biomass, excrete carbonate minerals at rates comparable to shallow-water species. The findings validate previous global models suggesting that marine fish are major contributors to biogenic carbonate production in the ocean.


						
Scientists at the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science studied the blackbelly rosefish (Helicolenus dactylopterus), a deep-sea species living at depths of 350-430 meters (1,148-1,410 feet), to determine whether it forms and excretes intestinal carbonate -- known as ichthyocarbonate. This physiological process, common among marine fish, helps maintain internal salt and water balance in saline environments and plays a critical role in marine carbon cycling.

"Mesopelagic fish live in deep, cold, high-pressure environments, and until now, it was unclear if they produced carbonate like shallow water fish do -- or at what rate," Martin Grosell, the lead author of the study and chair of the Department of Marine Biology and Ecology at the Rosenstiel School, said. "This study is the first to confirm that they do and that the mechanisms and characteristics of ichthyocarbonate formation are remarkably consistent across depths."

The blackbelly rosefish was an ideal model. Unlike many mesopelagic species, it lacks a swim bladder and can survive both capture and lab acclimation. Researchers maintained specimens at 6 degrees Celsius, replicating their natural habitat, and found they excreted approximately 5 milligrams of ichthyocarbonate per kilogram per hour, aligning with predictions from thermal and metabolic scaling models.

"This research fills a major gap in our understanding of ocean chemistry and carbon cycling," Amanda Oehlert, co-author and assistant professor in the Department of Marine Geosciences, said. "With mesopelagic fish playing such a significant role, their contribution to carbonate flux -- and how it might change with warming oceans -- deserves greater attention."

Key findings include:
    	Deep-sea blackbelly rosefish produce carbonate at rates and compositions comparable to shallower fish, confirming that depth and pressure do not inhibit ichthyocarbonate formation.
    	These results strengthen global estimates of fish-derived carbonate production, confirming that mesopelagic fish are substantial contributors to the ocean's carbonate budget.
    	Ichthyocarbonate composition is similar regardless of the depth at which it forms, which influences how and where it is stored or dissolved in the ocean.

"These results offer strong support for global models of fish-derived carbonate production, which had assumed -- but not verified -- that mesopelagic species contribute at similar rates," Grosell said. "Mesopelagic fish aren't just prey; they're chemical engineers of the ocean."

The study underscores the importance of ichthyocarbonate in the ocean carbon cycle, especially given the vast, underexplored biomass of the mesopelagic zone.




The authors say the findings open new avenues for studying deep-sea carbon dynamics and may improve Earth system models, which are sophisticated computer models that incorporate interactions between physical, chemical, and biological processes, such as biological carbon production and export.

The study, titled "Osmoregulation by the gastro-intestinal tract of marine fish at depth -- implications for the global carbon cycle," was published on July 15, 2025 in the Journal of Experimental Biology. The authors are Martin Grosell, Bret Marek, Sarah Wells, Carolyn Pope, Cameron Sam, Rachael M. Heuer, and Amanda M. Oehlert, all from the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science.

Funding for the study was provided by the National Science Foundation Chemical Oceanography Program and Earth Sciences Instrumentation and Facilities, and the University of Miami Rosenstiel School's Departments of Marine Biology and Ecology and Marine Geosciences.
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Trapped by moon dust: The physics error that fooled NASA for years | ScienceDaily
When a multimillion-dollar extraterrestrial vehicle gets stuck in soft sand or gravel -- as did the Mars rover Spirit in 2009 -- Earth-based engineers take over like a virtual tow truck, issuing a series of commands that move its wheels or reverse its course in a delicate, time-consuming effort to free it and continue its exploratory mission.


						
While Spirit remained permanently stuck, in the future, better terrain testing right here on terra firma could help avert these celestial crises.

Using computer simulations, University of Wisconsin-Madison mechanical engineers have uncovered a flaw in how rovers are tested on Earth. That error leads to overly optimistic conclusions about how rovers will behave once they're deployed on extraterrestrial missions.

An important element in preparing for these missions is an accurate understanding of how a rover will traverse extraterrestrial surfaces in low gravity to prevent it from getting stuck in soft terrain or rocky areas.

On the moon, the gravitational pull is six times weaker than on Earth. For decades, researchers testing rovers have accounted for that difference in gravity by creating a prototype that is a sixth of the mass of the actual rover. They test these lightweight rovers in deserts, observing how it moves across sand to gain insights into how it would perform on the moon.

It turns out, however, that this standard testing approach overlooked a seemingly inconsequential detail: the pull of Earth's gravity on the desert sand.

Through simulation, Dan Negrut, a professor of mechanical engineering at UW-Madison, and his collaborators determined that Earth's gravity pulls down on sand much more strongly than the gravity on Mars or the moon does. On Earth, sand is more rigid and supportive -- reducing the likelihood it will shift under a vehicle's wheels. But the moon's surface is "fluffier" and therefore shifts more easily -- meaning rovers have less traction, which can hinder their mobility.




"In retrospect, the idea is simple: We need to consider not only the gravitational pull on the rover but also the effect of gravity on the sand to get a better picture of how the rover will perform on the moon," Negrut says. "Our findings underscore the value of using physics-based simulation to analyze rover mobility on granular soil."

The team recently detailed its findings in the Journal of Field Robotics.

The researchers' discovery resulted from their work on a NASA-funded project to simulate the VIPER rover, which had been planned for a lunar mission. The team leveraged Project Chrono, an open-source physics simulation engine developed at UW-Madison in collaboration with scientists from Italy. This software allows researchers to quickly and accurately model complex mechanical systems -- like full-size rovers operating on "squishy" sand or soil surfaces.

While simulating the VIPER rover, they noticed discrepancies between the Earth-based test results and their simulations of the rover's mobility on the moon. Digging deeper with Chrono simulations revealed the testing flaw.

The benefits of this research also extend well beyond NASA and space travel. For applications on Earth, Chrono has been used by hundreds of organizations to better understand complex mechanical systems -- from precision mechanical watches to U.S. Army trucks and tanks operating in off-road conditions.

"It's rewarding that our research is highly relevant in helping to solve many real-world engineering challenges," Negrut says. "I'm proud of what we've accomplished. It's very difficult as a university lab to put out industrial-strength software that is used by NASA."

Chrono is free and publicly available for unfettered use worldwide, but the UW-Madison team puts in significant ongoing work to develop and maintain the software and provide user support.




"It's very unusual in academia to produce a software product at this level," Negrut says. "There are certain types of applications relevant to NASA and planetary exploration where our simulator can solve problems that no other tool can solve, including simulators from huge tech companies, and that's exciting."

Since Chrono is open source, Negrut and his team are focused on continually innovating and enhancing the software to stay relevant.

"All our ideas are in the public domain and the competition can adopt them quickly, which is drives us to keep moving forward," he says. "We have been fortunate over the last decade to receive support from the National Science Foundation, U.S. Army Research Office and NASA. This funding has really made a difference, since we do not charge anyone for the use of our software."

Co-authors on the paper include Wei Hu of Shanghai Jiao Tong University, Pei Li of UW-Madison, Arno Rogg and Alexander Schepelmann of NASA, Samuel Chandler of ProtoInnovations, LLC, and Ken Kamrin of MIT.

This work was supported by NASA STTR (80NSSC20C0252), the National Science Foundation (OAC2209791) and the U.S. Army Research Office, (W911NF1910431 and W911NF1810476).
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Scientists just invented a safer non-stick coating-and it's inspired by arrows | ScienceDaily
A new material developed by researchers from University of Toronto Engineering could offer a safer alternative to the non-stick chemicals commonly used in cookware and other applications.


						
The new substance repels both water and grease about as well as standard non-stick coatings -- but it contains much lower amounts of per- and polyfluoroalkyl substances (PFAS), a family of chemicals that have raised environmental and health concerns.

"The research community has been trying to develop safer alternatives to PFAS for a long time," says Professor Kevin Golovin, who heads the Durable Repellent Engineered Advanced Materials (DREAM) Laboratory at U of T Engineering.

"The challenge is that while it's easy to create a substance that will repel water, it's hard to make one that will also repel oil and grease to the same degree. Scientists had hit an upper limit to the performance of these alternative materials."

Since its invention in the late 1930s, Teflon -- also known as polytetrafluoroethylene or PTFE -- has become famous for its ability to repel water, oil and grease alike. Teflon is part of a larger family of substances known as per- and polyfluoroalkyl substances (PFAS).

PFAS molecules are made of chains of carbon atoms, each of which is bonded to several fluorine atoms. The inertness of carbon-fluorine bonds is responsible for the non-stick properties of PFAS.

However, this chemical inertness also causes PFAS to resist the normal processes that would break down other organic molecules over time. For this reason, they are sometimes called 'forever chemicals.'




In addition to their persistence, PFAS are known to accumulate in biological tissues, and their concentrations can become amplified as they travel up the food chain.

Various studies have linked exposure to high levels of PFAS to certain types of cancer, birth defects and other health problems, with the longer chain PFAS generally considered more harmful than the shorter ones.

Despite the risks, the lack of alternatives means that PFAS remain ubiquitous in consumer products: they are widely used not only in cookware, but also in rain-resistant fabrics, food packaging and even in makeup.

"The material we've been working with as an alternative to PFAS is called polydimethylsiloxane or PDMS," says Golovin.

"PDMS is often sold under the name silicone, and depending on how it's formulated, it can be very biocompatible -- in fact it's often used in devices that are meant to be implanted into the body. But until now, we couldn't get PDMS to perform quite as well as PFAS."

To overcome this problem, PhD student Samuel Au developed a new chemistry technique that the team is calling nanoscale fletching. The technique is described in a paper published in Nature Communications.




"Unlike typical silicone, we bond short chains of PDMS to a base material -- you can think of them like bristles on a brush," says Au.

"To improve their ability to repel oil, we have now added in the shortest possible PFAS molecule, consisting of a single carbon with three fluorines on it. We were able to bond about seven of those to the end of each PDMS bristle.

"If you were able to shrink down to the nanometer scale, it would look a bit like the feathers that you see around the back end of an arrow, where it notches to the bow. That's called fletching, so this is nanoscale fletching."

Au and the team coated their new material on a piece of fabric, then placed drops of various oils on it to see how well it could repel them. On a scale developed by the American Association of Textile Chemists and Colorists, the new coating achieved a grade of 6, placing it on par with many standard PFAS-based coatings.

"While we did use a PFAS molecule in this process, it is the shortest possible one and therefore does not bioaccumulate," says Golovin.

"What we've seen in the literature, and even in the regulations, is that it's the longest-chain PFAS that are getting banned first, with the shorter ones considered much less harmful. Our hybrid material provides the same performance as what had been achieved with long-chain PFAS, but with greatly reduced risk."

Golovin says that the team is open to collaborating with manufacturers of non-stick coatings who might wish to scale up and commercialize the process. In the meantime, they will continue working on even more alternatives.

"The holy grail of this field would be a substance that outperforms Teflon, but with no PFAS at all," says Golovin.

"We're not quite there yet, but this is an important step in the right direction."
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This plastic disappears in the deep sea-and microbes make it happen | ScienceDaily
Researchers have demonstrated a new eco-friendly plastic that decomposes in deep ocean conditions. In a deep-sea experiment, the microbially synthesized poly(d-lactate-co-3-hydroxybutyrate) (LAHB) biodegraded, while conventional plastics such as a representative bio-based polylactide (PLA) persisted. Submerged 855 meters (~2,800 feet) underwater, LAHB films lost over 80% of their mass after 13 months as microbial biofilms actively broke down the material. This real-world test establishes LAHB as a safer biodegradable plastic, supporting global efforts to reduce marine plastic waste.


						
Despite the growing popularity of bio-based plastics, plastic pollution remains one of the world's most pressing environmental issues. According to the OECD's Global Plastics Outlook (2022), about 353 million metric tons of plastic waste were produced globally in 2019, with nearly 1.7 million metric tons flowing directly into aquatic ecosystems. Much of this waste becomes trapped in large rotating ocean currents, known as gyres, forming the infamous "garbage patches" found in the Pacific, Atlantic, and Indian Oceans.

To tackle this, researchers have been searching for plastics that can be degraded more reliably in deep-sea environments. One promising candidate is poly(d-lactate-co-3-hydroxybutyrate) or LAHB, a lactate-based polyester biosynthesized using engineered Escherichia coli. So far, LAHB has shown strong potential as a biodegradable polymer that breaks down in river water and shallow seawater.

Now, in a study made available online on July 1, 2025, and published in Volume 240 of the journal Polymer Degradation and Stability on October 1, 2025, researchers from Japan have shown for the first time that LAHB can also get biodegraded under deep-sea conditions, where low temperatures, high pressure, and too limited nutrients make breakdown of plastic extremely difficult. The study was led by Professor Seiichi Taguchi at the Institute for Aqua Regeneration, Shinshu University, Japan, together with Dr. Shun'ichi Ishii from the Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Japan and Professor Ken-ichi Kasuya from Gunma University Center for Food Science and Wellness, Japan.

"Our study demonstrates for the first time that LAHB, a microbial lactate-based polyester, undergoes active biodegradation and complete mineralization even on the deep-sea floor, where conventional PLA remains completely non-degradable," explains Prof. Taguchi.

The research team submerged two types of LAHB films -- one containing about 6% lactic acid (P6LAHB) and another with 13% lactic acid (P13LAHB) -- alongside a conventional PLA film for comparison. The samples were submerged at a depth of 855 meters near Hatsushima Island, where deep-sea conditions, cold temperatures (3.6 degC), high salinity, and low dissolved oxygen levels make it hard for microbes to degrade plastic.

After 7 and 13 months of immersion, the LAHB films revealed clear signs of biodegradation under deep-sea conditions. The P13LAHB film lost 30.9% of its weight after 7 months and over 82% after 13 months. The P6LAHB film showed similar trends. By contrast, the PLA film showed no measurable weight loss or visible degradation during the same period, underscoring its resistance to microbial degradation. The surfaces of the LAHB films had developed cracks and were covered by biofilms made up of oval- and rod-shaped microbes, indicating that deep-sea microorganisms were colonizing and decomposing the LAHB plastic. The PLA film, however, remained completely free of biofilm.




To understand how the plastic decomposes, the researchers analyzed the plastisphere, the microbial community that formed on the plastic's surface. They found that different microbial groups played distinct roles. Dominant Gammaproteobacterial genera, including Colwellia, Pseudoteredinibacter, Agarilytica, and UBA7957, produced specialized enzymes known as extracellular poly[3-hydroxybutyrate (3HB)] depolymerases. These enzymes break down long polymer chains into smaller fragments like dimers and trimers. Certain species, such as UBA7959, also produce oligomer hydrolases (like PhaZ2) that further cleave these fragments, splitting 3HB-3HB or 3HB-LA dimers into their monomers.

Once the polymers are broken down into these simpler building blocks, other microbes, including various Alpha-proteobacteria and Desulfobacterota, continue the process by consuming the monomers like 3HB and lactate. Working together, these microbial communities ultimately convert the plastic into carbon dioxide, water, and other harmless compounds that ideally return to the marine ecosystem.

The findings of this study fill a critical gap in our understanding of how bio-based plastics degrade in remote marine environments. Its proven biodegradability makes it a promising option for creating safer, more biodegradable materials.

"This research addresses one of the most critical limitations of current bioplastics -- their lack of biodegradability in marine environments. By showing that LAHB can decompose and mineralize even in deep-sea conditions, the study provides a pathway for safer alternatives to conventional plastics and supports the transition to a circular bioeconomy," says Prof. Taguchi.
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Scientists modeled nuclear winter-the global food collapse was worse than expected | ScienceDaily
A nuclear winter is a theoretical concept, but if the climate scenario expected to follow a large-scale nuclear war, in which smoke and soot from firestorms block sunlight, came to fruition, global temperatures would sharply drop, extinguishing most agriculture. A nuclear winter could last for more than a decade, potentially leading to widespread famine for those who survive the devastation of the bomb blasts. Now, a team led by researchers at Penn State have modeled precisely how various nuclear winter scenarios could impact global production of corn -- the most widely planted grain crop in the world. They also recommended preparing "agricultural resilience kits" with seeds for faster-growing varieties better adapted to colder temperatures that could potentially help offset the impact of nuclear winter, as well as natural disasters like volcanic eruptions.


						
In findings recently published in Environmental Research Letters, the team reported that the level of corn crop decline would vary, depending on the scale of the conflict. A regional nuclear war, which would send about 5.5 tons of soot into the atmosphere, could reduce world-wide annual corn production by 7%. A large-scale global war, injecting 165 tons of soot into the atmosphere, could lead to an 80% drop in annual corn yields. In all, the study simulated six nuclear war scenarios with varying soot injections.

Because of the crop's global significance, the researchers chose to model corn's collapse in a nuclear winter to represent the expected fate of agriculture overall, according to study first author Yuning Shi, associate research professor in Penn State's Department of Plant Science. He noted that an 80% drop in global crop production would have catastrophic consequences, leading to a widespread global food crisis. Even a 7% drop in global crop production would have a severe impact on the global food system and economy, likely resulting in increased food insecurity and hunger.

The simulations were possible thanks to the Cycles agroecosystem model, created a few years ago by scientists in Penn State's College of Agricultural Sciences, including lead developer Armen Kemanian, professor of production systems and modeling and corresponding author on this study. Using high-performance computing and considering atmospheric conditions, Cycles enables large-scale, high-resolution, multi-year simulations of crop growth by meticulously tracking the carbon and nitrogen cycles within the soil-plant-atmosphere system.

"We simulated corn production in 38,572 locations under the six nuclear war scenarios of increasing severity -- with soot injections ranging from 5 to 165 tons," Shi said. "This investigation advances our understanding of global agricultural resilience and adaptation in response to catastrophic climatic disruptions."

In addition to considering the effects of massive amounts of soot in the atmosphere, the researchers modeled the increase in UV-B radiation -- a type of ultraviolet radiation that can lead to DNA damage, oxidative stress and reduced photosynthesis in plants -- that would reach Earth's surface in a nuclear winter that could further limit agriculture.

Shi said he believes that this was the first study to estimate the extent of UV-B radiation damage to agriculture after nuclear explosions, which the researchers predicted would peak six to eight years after a global war. They estimated this could further cut corn production by an additional 7%, for a total worst-case scenario of an 87% drop in corn production.




Ozone high in Earth's atmosphere effectively absorbs the bulk of UV radiation the planet receives from the sun, but nuclear war would dismantle this ability, Shi explained.

"The blast and fireball of atomic explosions produce nitrogen oxides in the stratosphere," he said. "The presence of both nitrogen oxides and heating from absorptive soot could rapidly destroy ozone, increasing UV-B radiation levels at the Earth's surface. This would damage plant tissue and further limit global food production."

While the predictions point to potentially catastrophic drops in the production of corn varieties currently grown, Shi said, switching to crop varieties that can grow under cooler conditions in shorter growing seasons could boost global crop production by 10% compared to no adaptation. However, seed availability for these crops could become a serious problem -- a "bottleneck to adaptation," the researchers said.

Their proposed solution is to prepare "agricultural resilience kits" ahead of any nuclear disaster, containing region- and climate-specific seeds for crop varieties that can grow under cooler conditions with shorter growing seasons to survive lower temperatures.

"These kits would help sustain food production during the unstable years following a nuclear war, while supply chains and infrastructure recover," Kemanian said. "The agricultural resilience kits concept can be expanded to other disasters -- when catastrophes of these magnitude strike, resilience is of the essence."

Shi noted that while proactive, internationally coordinated planning for such kits is unlikely, simply increasing awareness could help lead to better preparedness. "If we want to survive, we must be prepared, even for unthinkable consequences," he said.




Kemanian said he sees value in the research beyond human-caused calamity.

"Recall that catastrophes of this nature can happen not just because of nuclear war, but due to, for example, violent volcanic eruptions," he said. "One may think that studies of this nature are just navel gazing, but they force us to realize the fragility of the biosphere -- the totality of all living things and how they interact with one another and the environment."

Contributing to the research at Penn State were Felipe Montes, associate research professor of cropping systems modeling; Francesco Di Gioia, associate professor of vegetable crop science; and Charles Anderson, professor of biology and principal investigator of the project funding this work; as well as Charles Bardeen, with the Atmospheric Chemistry Observations and Modeling Laboratory, National Center for Atmospheric Research, Boulder, Colorado; and Yolanda Gil, Deborah Khider and Varun Ratnakar, all with the Information Sciences Institute, University of Southern California.

This research was supported by Open Philanthropy, the Defense Advanced Research Projects Agency, the U.S. Department of Agriculture National Institute of Food and Agriculture, the U.S. National Science Foundation and the Future of Life Institute.
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Ivermectin: The mosquito-killing pill that dropped malaria by 26% | ScienceDaily
Ivermectin administered to the whole population significantly reduces malaria transmission, offering new hope in the fight against the disease. The BOHEMIA trial, the largest study on ivermectin for malaria to date, showed a 26% reduction in new malaria infection on top of existing bed nets, providing strong evidence of ivermectin's potential as a complementary tool in malaria control. The results of this project, coordinated by the Barcelona Institute for Global Health (ISGlobal) -an institution supported by the "la Caixa" Foundation- in collaboration with the Manhica Health Research Centre (CISM) and the KEMRI-Wellcome Trust Research Programme, have been published in The New England Journal of Medicine. 


						
Malaria remains a global health challenge, with 263 million cases and 597,000 deaths reported in 2023. Current vector control methods, such as long-lasting insecticidal nets (LLINs) and indoor residual spraying (IRS), have become less effective due to insecticide resistance and behavioral adaptations in mosquitoes to bite outdoors and during dusk or dawn, when people are not protected by these measures. This underscores the urgent need for innovative solutions to combat malaria.

Ivermectin for malaria: A novel strategy

Ivermectin, a drug traditionally used to treat neglected tropical diseases like onchocerciasis, which causes river blindness, and lymphatic filariasis, which causes elephantiasis, has been shown to reduce malaria transmission by killing the mosquitoes that feed on treated individuals. Given the rising resistance to conventional insecticides, ivermectin could offer an effective new approach totackle malaria transmission, especially in regions where traditional methods have become less effective.

The Unitaid-funded BOHEMIA project(Broad One Health Endectocide-based Malaria Intervention in Africa) conducted two Mass Drug Administration (MDA) trials in the high-burden malaria regions: Kwale County (Kenya) and Mopeia district (Mozambique). The trials assessed the safety and efficacy of a single monthly dose of ivermectin (400 mcg/kg) given for three consecutive months at the start of the rainy season in reducing malaria transmission. In Kenya, the intervention targeted children aged 5-15, while in Mozambique it focused on children under five.

Malaria reduction in Kenya

In Kwale County, Kenya, children who received ivermectin experienced a 26% reduction in malaria infection incidence compared to those who received albendazole, the control drug used in the study. The trial involved over 20,000 participants and more than 56,000 treatments, demonstrating that ivermectin significantly reduced malaria infection rates -- particularly among children living further from cluster borders or in areas where drug distribution was more efficient. Moreover, the safety profile of ivermectin was favorable, with no severe drug-related adverse events and only mild, transient side effects already seen with ivermectin in campaigns against neglected tropical diseases.




"We are thrilled with these results," says Carlos Chaccour, co-principal investigator of the BOHEMIA project and ISGlobal researcher at the time of the study. "Ivermectin has shown great promise in reducing malaria transmission and could complement existing control measures. With continued research, ivermectin MDA could become an effective tool for malaria control and even contribute to elimination efforts," Chaccour, who is now a researcher at the Navarra Centre for International Development at the University of Navarra, adds.

"These results align with the World Health Organization's (WHO) criteria for new vector control tools," states Joseph Mwangangi, from the KEMRI-Wellcome Trust Research Programme. "The findings suggest that ivermectin MDA could be a valuable complementary strategy for malaria control, particularly in areas where mosquito resistance to insecticides is a growing concern," adds Marta Maia, BOHEMIA's lead entomologist from the University of Oxford.

Lessons from the Mozambique trial

In contrast, the implementation of the Mozambique trial in the rural district of Mopeia faced severe disruptions due to Cyclone Gombe (2022) and a subsequent cholera outbreak, which significantly disrupted operations. "One of the most important lessons we learned from the trial in Mopeia is that strong community engagement is essential," states Francisco Saute, director of the Manhica Health Research Centre (CISM). "Building trust with local communities and fostering close collaboration with the Health Ministry, National Malaria Control Program, and local authorities was key to ensuring acceptance of the ivermectin MDA."

Expanding the Impact Beyond Malaria

In addition to reducing malaria transmission, ivermectin MDA offers significant collateral benefits. The BOHEMIA team found an important reduction in the prevalence of skin infestations such as scabies and head lice in the ivermectin group in Mozambique, and the community reported a major reduction in bed bugs in Kenya. These effects are particularly valuable when ivermectin is integrated into existing delivery systems, maximizing its impact on public health.

Shaping the future of malaria prevention

The study is part of a larger global effort to assess ivermectin's potential in malaria control. The findings have been reviewed by the WHO vector control advisory group, which concluded that the study had demonstrated impact and recommended further studies. Findings were also shared with national health authorities as they evaluate the potential inclusion of ivermectin in malaria control programs.

"This research has the potential to shape the future of malaria prevention, particularly in endemic areas where existing tools are failing," concludes Regina Rabinovich, BOHEMIA PI and Director of ISGlobal's Malaria Elimination Initiative. "With its novel mechanism of action and proven safety profile, ivermectin could offer a new approach using a well-known, safe drug that can add to the effect of other mosquito control tools available today."
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You've never seen atoms like this before: A hidden motion revealed | ScienceDaily
Researchers investigating atomic-scale phenomena impacting next-generation electronic and quantum devices have captured the first microscopy images of atomic thermal vibrations, revealing a new type of motion that could reshape the design of quantum technologies and ultrathin electronics.


						
Yichao Zhang, an assistant professor in the University of Maryland Department of Materials Science and Engineering, has developed an electron microscopy technique to directly image "moire phasons" -- a physical phenomenon that impacts superconductivity and heat conduction in two-dimensional materials for next-generation electronic and quantum devices. A paper about the research, which documents images of the thermal vibration of individual atoms for the first time, published July 24 in the journal Science. (See video link below.)

Two-dimensional materials, which are sheet-like structures a few nanometers thick, are being explored as new components of next-generation quantum and electronic devices. A feature in twisted two-dimensional materials are "moire phasons," critical to understanding the materials' thermal conductivity, electronic behavior, and structural order. Previously, moire phasons were difficult to detect experimentally, preventing further understanding of the materials that could revolutionize quantum technologies and energy-efficient electronics.

Zhang's research team took on this challenge by using a new technique called "electron ptychography," which achieved the highest resolution documented (better than 15 picometer) and detected blurring of individual atoms caused by thermal vibrations. Her work has revealed that spatially localized moire phasons dominate thermal vibrations of twisted two-dimensional materials, which fundamentally reshaped how scientists understand its impact.

The breakthrough study, which confirmed the longstanding theoretical predictions of moire phasons, also demonstrated that "electron ptychography" can be used to map thermal vibrations with atomic precision for the first time -- which was previously an experimental capability out of reach.

"This is like decoding a hidden language of atomic motion," said Zhang. "Electron ptychography lets us see these subtle vibrations directly. Now we have a powerful new method to explore previously hidden physics, which will accelerate discoveries in two dimensional quantum materials."

Zhang's research team will next focus on resolving how thermal vibrations are affected by defects and interfaces in quantum and electronic materials. Controlling the thermal vibration behavior of these materials could enable the design of novel devices with tailored thermal, electronic, and optical properties -- paving the way for advances in quantum computing, energy-efficient electronics, and nanoscale sensors.
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Harvard's ultra-thin chip could revolutionize quantum computing | ScienceDaily
    	New research shows that metasurfaces could be used as strong linear quantum optical networks
    	This approach could eliminate the need for waveguides and other conventional optical components
    	Graph theory is helpful for designing the functionalities of quantum optical networks into a single metasurface

In the race toward practical quantum computers and networks, photons -- fundamental particles of light -- hold intriguing possibilities as fast carriers of information at room temperature. Photons are typically controlled and coaxed into quantum states via waveguides on extended microchips, or through bulky devices built from lenses, mirrors, and beam splitters. The photons become entangled - enabling them to encode and process quantum information in parallel - through complex networks of these optical components. But such systems are notoriously difficult to scale up due to the large numbers and imperfections of parts required to do any meaningful computation or networking.

Could all those optical components could be collapsed into a single, flat, ultra-thin array of subwavelength elements that control light in the exact same way, but with far fewer fabricated parts?

Optics researchers in the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) did just that. The research team led by Federico Capasso, the Robert L. Wallace Professor of Applied Physics and Vinton Hayes Senior Research Fellow in Electrical Engineering, created specially designed metasurfaces -- flat devices etched with nanoscale light-manipulating patterns -- to act as ultra-thin upgrades for quantum-optical chips and setups.

The research was published in Science and funded by the Air Force Office of Scientific Research (AFOSR).

Capasso and his team showed that a metasurface can create complex, entangled states of photons to carry out quantum operations - like those done with larger optical devices with many different components.

"We're introducing a major technological advantage when it comes to solving the scalability problem," said graduate student and first author Kerolos M.A. Yousef. "Now we can miniaturize an entire optical setup into a single metasurface that is very stable and robust."

Metasurfaces: Robust and scalable quantum photonics processors




Their results hint at the possibility of paradigm-shifting optical quantum devices based not on conventional, difficult-to-scale components like waveguides and beam splitters, or even extended optical microchips, but instead on error-resistant metasurfaces that offer a host of advantages: designs that don't require intricate alignments, robustness to perturbations, cost-effectiveness, simplicity of fabrication, and low optical loss. Broadly speaking, the work embodies metasurface-based quantum optics which, beyond carving a path toward room-temperature quantum computers and networks, could also benefit quantum sensing or offer "lab-on-a-chip" capabilities for fundamental science

Designing a single metasurface that can finely control properties like brightness, phase, and polarization presented unique challenges because of the mathematical complexity that arises once the number of photons and therefore the number of qubits begins to increase. Every additional photon introduces many new interference pathways, which in a conventional setup would require a rapidly growing number of beam splitters and output ports.

Graph theory for metasurface design

To bring order to the complexity, the researchers leaned on a branch of mathematics called graph theory, which uses points and lines to represent connections and relationships. By representing entangled photon states as many connected lines and points, they were able to visually determine how photons interfere with each other, and to predict their effects in experiments. Graph theory is also used in certain types of quantum computing and quantum error correction but is not typically considered in the context of metasurfaces, including their design and operation.

The resulting paper was a collaboration with the lab of Marko Loncar, whose team specializes in quantum optics and integrated photonics and provided needed expertise and equipment.

"I'm excited about this approach, because it could efficiently scale optical quantum computers and networks -- which has long been their biggest challenge compared to other platforms like superconductors or atoms," said research scientist Neal Sinclair. "It also offers fresh insight into the understanding, design, and application of metasurfaces, especially for generating and controlling quantum light. With the graph approach, in a way, metasurface design and the optical quantum state become two sides of the same coin."

The research received support from federal sources including the AFOSR under award No. FA9550-21-1-0312. The work was performed at the Harvard University Center for Nanoscale Systems
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Millipedes make ants dizzy - and might soon treat human pain | ScienceDaily
Millipedes get a bad rap -- their many legs put people off and could classify them as "creepy crawly." But these anthropods' secretions could hold the key to new drug discovery for the treatment of neurological diseases and pain.


						
Chemist Emily Mevers and her team recently discovered a new set of complex structures in millipede secretions that can modulate specific neuroreceptors in ant brains.

The newly discovered structures fall into a class of naturally occurring compounds called alkaloids. The Mevers team named them the andrognathanols and the andrognathines after the producing millipede, Andrognathus corticarius, found on Virginia Tech's Blacksburg campus in Stadium Woods. These discoveries were recently published in the Journal of the American Chemical Society.

A new compound discovery

Mevers specializes in leveraging the chemistry of underexplored ecological niches, in this case the millipede, in the name of drug discovery.

After collecting millipedes from under leaf litter and fallen branches in Stadium Woods, Mevers and team members used a variety of analytical tools to identify the compounds contained in the millipedes' defensive glands. They also learned that the millipedes release these compounds to ward off predators while also sharing their location with their kin.

Broader implications

Despite their pervasiveness, much about millipedes remains mysterious -- including their specific habitats, numbers, diets, behaviors, and chemistry. Mevers, in collaboration with millipede expert Paul Marek in the entomology department, is working to fill in some of these gaps and see if what they uncover could be useful for future medications.




Previously, Mevers and Marek examined a millipede native to the Pacific Northwest, Ishcnocybe plicata, and discovered that related alkaloids potently and selectively interact with a single neuroreceptor called Sigma-1. The interaction suggested that this family of compounds may have useful pharmacology potential for the treatment of pain and other neurological disorders.

The Mevers group discovered that the new alkaloids are actively secreted from the Hokie millipede when it is physically disturbed. The secretions cause disorientation in ants, a presumed natural predator. A subset of these compounds possesses similar interactions with the Sigma-1 neuroreceptor.

Moving toward drug development

With the newfound complex compounds in hand, the next step is finding people to actually make them in larger quantities and evaluate their biomedical applications.

"These compounds are quite complex, so they're going to take some time to synthesize in the lab," said Mevers.

Once larger quantities are available, Mevers will be able to better study their properties and potential in drug development.
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The plant virus that trains your immune system to kill cancer | ScienceDaily
A virus that typically infects black-eyed peas is showing great promise as a low-cost, potent cancer immunotherapy -- and researchers are uncovering why.


						
In a study published in Cell Biomaterials, a team led by chemical and nano engineers at the University of California San Diego took a closer look at how the cowpea mosaic virus (CPMV), unlike other plant viruses, is uniquely effective at activating the body's immune system to recognize and attack cancer cells.

In preclinical studies, CPMV has demonstrated potent anti-tumor effects in multiple mouse models, as well as in canine cancer patients. When injected directly into tumors, CPMV therapy recruits innate immune cells -- such as neutrophils, macrophages and natural killer cells -- into the tumor microenvironment to destroy cancer cells. Meanwhile, it activates B cells and T cells to establish systemic, long-lasting anti-tumor memory. This immune reawakening not only helps clear the targeted tumor but also primes the immune system to hunt down metastatic tumors elsewhere in the body.

"It is fascinating that CPMV but not other plant viruses stimulates an anti-tumor response," said Nicole Steinmetz, the Leo and Trude Szilard Chancellor's Endowed Chair in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at the UC San Diego Jacobs School of Engineering and the study's corresponding author.

"This work gives us insight into how CPMV works so well," said study first author Anthony Omole, a chemical and nano engineering Ph.D. student in Steinmetz's lab. "What we found most exciting is that although human immune cells are not infected by CPMV, they respond to it and are reprogrammed towards an activated state, which ultimately trains them to detect and eradicate cancerous cells."

A key question in translating CPMV to human cancer patients has been: what makes this plant virus so effective at fighting cancer?

To investigate, Omole, Steinmetz and colleagues at the National Cancer Institute's   Nanotechnology Characterization Laboratory performed a side-by-side comparison of CPMV with the cowpea chlorotic mottle virus (CCMV), a closely related plant virus that does not exhibit anti-tumor effects when administered intratumorally. Both viruses form similarly sized nanoparticles and are taken up by human immune cells at similar rates. Yet, once inside, the viruses produce different outcomes.




CPMV, the team found, stimulates type I, II and III interferons -- proteins with well-known anti-cancer properties. "This is particularly interesting because some of the earliest cancer immunotherapy drugs were recombinant interferons," noted Omole. Meanwhile, CCMV stimulates a set of pro-inflammatory interleukins that do not translate to effective tumor clearance. Another difference lies in how these viruses' RNAs are processed within mammalian cells. CPMV RNAs persist longer and get delivered to the endolysosome, where they activate toll-like receptor 7 (TLR7), a critical component in priming antiviral -- and more importantly -- anti-tumor immune responses. CCMV RNAs, on the other hand, fail to reach this activation point.

CPMV also offers a unique advantage as a cost-effective immunotherapy. Unlike many other therapies that require complex and costly manufacturing, CPMV can be produced using molecular farming. "It can be grown in plants using sunlight, soil and water," Omole said.

The team is working toward advancing CPMV to clinical trials.

"The present study provides important insights into the mechanism of action of CPMV. We are diligently working toward the next steps to ensure that the most potent lead candidate is selected to achieve anti-tumor efficacy and safety," Steinmetz said. "This is the time and we are poised to move this work beyond the bench and toward clinical trials."

This work was supported in part by the National Institutes of Health (NIH grants R01 CA224605, R01 CA253615 and R01 CA274640); the American Cancer Society, F.M. Kirby Foundation Inc., Mission Boost Grant (MBGI-23-1030244-01-MBG); the Shaughnessy Family Fund for Nano-ImmunoEngineering (nanoIE) at UC San Diego; San Diego Fellowship Fund; the Alfred P. Sloan Foundation's Minority PhD (MPhD) Program (G-2020-14067); and the Frederick National Laboratory for Cancer Research funded by the National Cancer Institute, part of the NIH (under contract 75N91010D00024).
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Four hidden types of autism revealed - and each tells a different genetic story | ScienceDaily
Researchers at Princeton University and the Simons Foundation have identified four clinically and biologically distinct subtypes of autism, marking a transformative step in understanding the condition's genetic underpinnings and potential for personalized care.


						
Analyzing data from over 5,000 children in SPARK, an autism cohort study funded by the Simons Foundation, the researchers used a computational model to group individuals based on their combinations of traits. The team used a "person-centered" approach that considered a broad range of over 230 traits in each individual, from social interactions to repetitive behaviors to developmental milestones, rather than searching for genetic links to single traits.

This approach enabled the discovery of clinically relevant autism subtypes, which the researchers linked to distinct genetic profiles and developmental trajectories, offering new insights into the biology underlying autism. Their results were published July 9 in Nature Genetics.

"Understanding the genetics of autism is essential for revealing the biological mechanisms that contribute to the condition, enabling earlier and more accurate diagnosis, and guiding personalized care," said senior study author Olga Troyanskaya, director of Princeton Precision Health, the Maduraperuma/Khot Professor of Computer Science and the Lewis-Sigler Institute for Integrative Genomics at Princeton, and deputy director for genomics at the Center for Computational Biology of the Simons Foundation's Flatiron Institute.

The study defines four subtypes of autism -- Social and Behavioral Challenges, Mixed ASD with Developmental Delay, Moderate Challenges, and Broadly Affected. Each subtype exhibits distinct developmental, medical, behavioral and psychiatric traits, and importantly, different patterns of genetic variation.
    	Individuals in the Social and Behavioral Challenges group show core autism traits, including social challenges and repetitive behaviors, but generally reach developmental milestones at a pace similar to children without autism. They also often experience co-occurring conditions like ADHD, anxiety, depression or obsessive-compulsive disorder alongside autism. One of the larger groups, this constitutes around 37% of the participants in the study.
    	The Mixed ASD with Developmental Delay group tends to reach developmental milestones, such as walking and talking, later than children without autism, but usually does not show signs of anxiety, depression or disruptive behaviors. "Mixed" refers to differences within this group with respect to repetitive behaviors and social challenges. This group represents approximately 19% of the participants.
    	Individuals with Moderate Challenges show core autism-related behaviors, but less strongly than those in the other groups, and usually reach developmental milestones on a similar track to those without autism. They generally do not experience co-occurring psychiatric conditions. Roughly 34% of participants fall into this category.
    	The Broadly Affected group faces more extreme and wide-ranging challenges, including developmental delays, social and communication difficulties, repetitive behaviors and co-occurring psychiatric conditions like anxiety, depression and mood dysregulation. This is the smallest group, accounting for around 10% of the participants.

"These findings are powerful because the classes represent different clinical presentations and outcomes, and critically we were able to connect them to distinct underlying biology," said Aviya Litman, a Ph.D. student at Princeton and co-lead author.

Distinct genetics behind the subtypes

For decades, autism researchers and clinicians have been seeking robust definitions of autism subtypes to aid in diagnosis and care. Autism is known to be highly heritable, with many implicated genes.




"While genetic testing is already part of the standard of care for people diagnosed with autism, thus far, this testing reveals variants that explain the autism of only about 20% of patients," said study co-author Jennifer Foss-Feig, a clinical psychologist at the Seaver Autism Center for Research and Treatment at the Icahn School of Medicine at Mount Sinai and vice president and senior scientific officer at the Simons Foundation Autism Research Initiative (SFARI). This study takes an approach that differs from classic gene discovery efforts by identifying robust autism subtypes that are linked to distinct types of genetic mutations and affected biological pathways.

For example, children in the Broadly Affected group showed the highest proportion of damaging de novo mutations -- those not inherited from either parent -- while only the Mixed ASD with Developmental Delay group was more likely to carry rare inherited genetic variants. While children in both of these subtypes share some important traits like developmental delays and intellectual disability, these genetic differences suggest distinct mechanisms behind superficially similar clinical presentations.

"These findings point to specific hypotheses linking various pathways to different presentations of autism," said Litman, referring to differences in biology between children with different autism subtypes.

Moreover, the researchers identified divergent biological processes affected in each subtype. "What we're seeing is not just one biological story of autism, but multiple distinct narratives," said Natalie Sauerwald, associate research scientist at the Flatiron Institute and co-lead author. "This helps explain why past genetic studies often fell short -- it was like trying to solve a jigsaw puzzle without realizing we were actually looking at multiple different puzzles mixed together. We couldn't see the full picture, the genetic patterns, until we first separated individuals into subtypes."

Autism biology unfolds on different timelines

The team also found that autism subtypes differ in the timing of genetic disruptions' effects on brain development. Genes switch on and off at specific times, guiding different stages of development. While much of the genetic impact of autism was thought to occur before birth, in the Social and Behavioral Challenges subtype -- which typically has substantial social and psychiatric challenges, no developmental delays, and a later diagnosis -- mutations were found in genes that become active later in childhood. This suggests that, for these children, the biological mechanisms of autism may emerge after birth, aligning with their later clinical presentation.




"By integrating genetic and clinical data at scale, we can now begin to map the trajectory of autism from biological mechanisms to clinical presentation," said co-author Chandra Theesfeld, senior academic research manager at the Lewis-Sigler Institute and Princeton Precision Health.

A paradigm shift for autism research

This study builds on more than a decade of autism genomics research led by Troyanskaya and collaborators, supported by the Simons Foundation and the U.S. National Institutes of Health, and most recently by Princeton Precision Health, an interdisciplinary initiative launched in 2022. It is enabled by the close integration of interdisciplinary expertise in genomics, clinical psychology, molecular biology, computer science and modeling, and computational biology -- with experts from Princeton Precision Health, the Flatiron Institute and SFARI.

"It's a whole new paradigm, to provide these groups as a starting point for investigating the genetics of autism," said Theesfeld. Instead of searching for a biological explanation that encompasses all individuals with autism, researchers can now investigate the distinct genetic and biological processes driving each subtype.

This shift could reshape both autism research and clinical care -- helping clinicians anticipate different trajectories in diagnosis, development and treatment. "The ability to define biologically meaningful autism subtypes is foundational to realizing the vision of precision medicine for neurodevelopmental conditions," said Sauerwald.

While the current work defines four subtypes, "this doesn't mean there are only four classes," said Litman. "It means we now have a data-driven framework that shows there are at least four -- and that they are meaningful in both the clinic and the genome."

Looking ahead

For families navigating autism, knowing which subtype of autism their child has can offer new clarity, tailored care, support and community. "Understanding genetic causes for more individuals with autism could lead to more targeted developmental monitoring, precision treatment, and tailored support and accommodations at school or work," said Foss-Feig. "It could tell families, when their children with autism are still young, something more about what symptoms they might -- or might not -- experience, what to look out for over the course of a lifespan, which treatments to pursue, and how to plan for their future."

Beyond its contributions to understanding autism subtypes and their underlying biology, the study offers a powerful framework for characterizing other complex, heterogeneous conditions and finding clinically relevant disease subtypes. As Theesfeld put it: "This opens the door to countless new scientific and clinical discoveries."

The paper, "Decomposition of phenotypic heterogeneity in autism reveals underlying genetic programs," was published July 9 in Nature Genetics. In addition to Litman, Sauerwald, Foss-Feig, Theesfeld and Troyanskaya, co-authors include LeeAnne Green Snyder of the Simons Foundation, Christopher Y. Park and Yun Hao of the Flatiron Institute, and Ilan Dinstein of Ben Gurion University of the Negev, who contributed to the study during a sabbatical at the Simons Foundation. The research was supported in part by the U.S. National Institutes of Health and the Simons Foundation.
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This sugar substitute does more than sweeten - it kills cancer cells | ScienceDaily
Stevia may provide more benefits than as a zero-calorie sugar substitute. When fermented with bacteria isolated from banana leaves, stevia extract kills off pancreatic cancer cells but doesn't harm healthy kidney cells, according to a research team at Hiroshima University.


						
The researchers published their findings in the International Journal of Molecular Sciences. 

"Globally, the incidence and mortality rates of pancreatic cancer continue to rise, with a five-year survival rate of less than 10%," said co-author Narandalai Danshiitsoodol, associate professor in Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences. "Pancreatic cancer is highly invasive and prone to metastasis, showing significant resistance to existing treatments, such as surgery, radiotherapy and chemotherapy. As such, there is an urgent need to identify new and effective anticancer compounds, particularly those derived from medicinal plants."

Prior studies by other researchers indicated that stevia leaf extract demonstrated potential as an anticancer drug, but isolating and applying the specific bioactive components that protect against cancer cells has remained challenging, Danshiitsoodol said. However, fermenting with bacteria can structurally change the extract and produce bioactive metabolites, which are compounds that can impact living organisms.

"To enhance the pharmacological efficacy of natural plant extracts, microbial biotransformation has emerged as an effective strategy," said corresponding author Masanori Sugiyama, professor in the Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences. Sugiyama's lab has isolated and evaluated the health benefits of more than 1,300 lactic acid bacteria (LAB) strains from fruits, vegetables, flowers and medicinal plants. "In this study, we aimed to compare LAB-fermented and non-fermented extracts to identify key compounds that enhance bioactivity, ultimately contributing to the efficacy of herbal medicine in cancer prevention and therapy."

Specifically, the team fermented stevia leaf extract with plant-derived Lactobacillus plantarum SN13T strain (FSLE) and compared its effects on pancreatic cancer (PANC-1) cells in the lab, alongside non-cancerous human embryonic kidney cells HEK-293, to the effects of non-fermented stevia extract. The cells utilized in these experiments were acquired from established commercial cell lines.

"Our findings indicate that FSLE demonstrates significantly greater cytotoxicity than the non-fermented extract at equivalent concentrations, suggesting that the fermentation process enhances the bioactivity of the extract," Sugiyama said. "Notably, FSLE exhibited lower toxicity toward the HEK-293 cells, with minimal inhibition observed even at the highest concentration tested."

Additional analyses identified chlorogenic acid methyl ester (CAME) as the active anti-cancer compound. When fermented, the concentration of chlorogenic acid in the extract dropped six-fold, indicating a microbial transformation, according to Danshiitsoodol.




"This microbial transformation was likely due to specific enzymes in the bacteria strain used," Danshiitsoodol said. "Our data demonstrate that CAME exhibits stronger toxicity to cells and pro-apoptotic effects -- which encourage cell death -- on PANC-1 cells compared to chlorogenic acid alone."

Next, the researchers said they plan to study the effects in a mouse model to better understand the effectiveness of various dosages across a whole-body system.

"The present study has substantially enhanced our understanding of the mechanism of action of the Lactobacillus plantarum SN13T strain in the fermentation of herbal extracts, while also offering a valuable research perspective on the potential application of probiotics as natural anti-tumor agents," Danshiitsoodol said.

Other contributors include Rentao Zhang and Masafumi Noda, Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences, Hiroshima University; and Sayaka Yonezawa and Keishi Kanno, Department of General Internal Medicine, Hiroshima University Hospital.
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Hubble caught a star exploding - and it's helping map the cosmos | ScienceDaily
The swirling spiral galaxy in this NASA/ESA Hubble Space Telescope Picture of the Week is NGC 3285B, which resides 137 million light-years away in the constellation Hydra (The Water Snake). Hydra has the largest area of the 88 constellations that cover the entire sky in a celestial patchwork. It's also the longest constellation, stretching 100 degrees across the sky. It would take nearly 200 full Moons, placed side by side, to reach from one side of the constellation to the other.


						
NGC 3285B is a member of the Hydra I cluster, one of the largest galaxy clusters in the nearby Universe. Galaxy clusters are collections of hundreds to thousands of galaxies that are bound to one another by gravity. The Hydra I cluster is anchored by two giant elliptical galaxies at its center. Each of these galaxies is about 150,000 light-years across, making them about 50% larger than our home galaxy, the Milky Way.

NGC 3285B sits on the outskirts of its home cluster, far from the massive galaxies at the center. This galaxy drew Hubble's attention because it hosted a Type Ia supernova in 2023. Type Ia supernovae happen when a type of condensed stellar core called a white dwarf detonates, igniting a sudden burst of nuclear fusion that briefly shines about 5 billion times brighter than the Sun. The supernova, named SN 2023xqm, is visible here as a bluish dot on the left edge of the galaxy's disc.

Hubble observed NGC 3285B as part of an observing program that targeted 100 Type Ia supernovae. By viewing each of these supernovae in ultraviolet, optical, and near-infrared light, researchers aim to disentangle the effects of distance and dust, both of which can make a supernova appear redder than it actually is. This program will help refine cosmic distance measurements that rely on observations of Type Ia supernovae.
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      Top stories featured on ScienceDaily's Health & Medicine, Mind & Brain, and Living Well sections.


      
        Reversing Alzheimer's damage: Two cancer drugs demonstrate surprising power
        In an exciting breakthrough, researchers have identified cancer drugs that might reverse the effects of Alzheimer's disease in the brain. By analyzing gene expression in brain cells, they discovered that some FDA-approved cancer medications could reverse damage caused by Alzheimer's.

      

      
        Fat melts away--but so does muscle: What Ozempic users need to know
        GLP-1 drugs like Ozempic are transforming weight loss, but a new UVA study warns they're not improving a critical measure of health: cardiorespiratory fitness. While these medications help people shed fat, they also strip away vital muscle mass--raising concerns about long-term heart health, physical function, and mortality. The researchers urge combining treatment with exercise, protein intake, and possibly future drugs to avoid hidden downsides of rapid weight loss.

      

      
        Pain relief without pills? VR nature scenes trigger the brain's healing switch
        Stepping into a virtual forest or waterfall scene through VR could be the future of pain management. A new study shows that immersive virtual nature dramatically reduces pain sensitivity almost as effectively as medication. Researchers at the University of Exeter found that the more present participants felt in these 360-degree nature experiences, the stronger the pain-relieving effects. Brain scans confirmed that immersive VR scenes activated pain-modulating pathways, revealing that our brains c...

      

      
        Max-dose statins save lives--here's why doctors are starting strong
        Potent statins are the best-proven weapon against heart disease, especially when paired with lifestyle changes. Most people aren't active enough--and many are underdiagnosed--so starting treatment strong is key.

      

      
        Why cold feels good: Scientists uncover the chill pathway
        A newly mapped neural circuit shows how our skin senses cool temperatures and sends that info to the brain, revealing an unexpected amplifier in the spinal cord and offering insight into cold-related pain.

      

      
        The 0.05% RNA Process That Makes Cancer Self-Destruct
        A group of Australian scientists has uncovered a new way to fight some of the toughest cancers by targeting an overlooked cellular process called minor splicing. This tiny but vital mechanism turns out to be essential for the growth of certain tumors, especially those driven by KRAS mutations -- a common but hard-to-treat culprit in cancer. By blocking minor splicing, researchers triggered DNA damage and activated the body's own cancer-defense system, killing cancer cells while sparing healthy one...

      

      
        The pandemic's secret aftershock: Inside the gut-brain breakdown
        A new global study reveals a striking post-pandemic surge in gut-brain disorders like IBS and functional dyspepsia. Researchers compared data from 2017 and 2023 and discovered sharp increases--IBS up 28% and dyspepsia nearly 44%. Those suffering from long COVID were especially vulnerable, reporting more anxiety, depression, and worse quality of life. These findings spotlight the urgent need for deeper investigation into the gut-brain axis and revised care models in a post-COVID world.

      

      
        This brain circuit may explain fluctuating sensations--and autism
        Sometimes a gentle touch feels sharp and distinct, other times it fades into the background. This inconsistency isn't just mood--it's biology. Scientists found that the thalamus doesn't just relay sensory signals--it fine-tunes how the brain responds to them, effectively changing what we feel. A hidden receptor in the cortex seems to prime neurons, making them more sensitive to touch.

      

      
        This tiny lung-on-a-chip could predict--and fight--the next pandemic
        Scientists at Kyoto University have developed a groundbreaking "lung-on-a-chip" that can mimic the distinct regions of human lungs--airways and alveoli--to study how viruses like COVID-19 affect them differently. Powered by isogenic induced pluripotent stem cells (iPSCs), the system offers a high-fidelity way to model personalized immune responses and test drug effectiveness. This innovation opens the door to precision medicine, deeper understanding of emerging viruses, and even modeling of other o...

      

      
        Your sleep schedule could be making you sick, says massive new study
        A global study of over 88,000 adults reveals that poor sleep habits--like going to bed inconsistently or having disrupted circadian rhythms--are tied to dramatically higher risks for dozens of diseases, including liver cirrhosis and gangrene. Contrary to common belief, sleeping more than 9 hours wasn't found to be harmful when measured objectively, exposing flaws in previous research. Scientists now say it's time to redefine "good sleep" to include regularity, not just duration, as biological mecha...

      

      
        Columbia scientists turn yogurt into a healing gel that mimics human tissue
        Scientists at Columbia Engineering have developed an injectable hydrogel made from yogurt-derived extracellular vesicles (EVs) that could revolutionize regenerative medicine. These EVs serve both as healing agents and as structural components, eliminating the need for added chemicals. The innovation leverages everyday dairy products like yogurt to create a biocompatible material that mimics natural tissue and enhances healing.

      

      
        Walk faster, live longer: How just 15 minutes a day can boost lifespan
        Fast walking, even just 15 minutes a day, can dramatically reduce the risk of death, especially from heart disease, according to a large study involving nearly 80,000 low-income and predominantly Black Americans in the South. The findings not only affirm the well-known health benefits of walking but also highlight how pace matters and how fast walking offers a powerful, accessible tool for improving health across underserved communities.

      

      
        This gut hormone could explain 40% of IBS-D cases--and lead to a cure
        A mysterious gut hormone may be behind many cases of chronic diarrhea, especially in people with undiagnosed bile acid malabsorption, a condition often mistaken for irritable bowel syndrome. Researchers from the University of Cambridge identified that the hormone INSL5 spikes when bile acid reaches the colon, triggering intense diarrhea. Their discovery not only sheds light on the biological cause of symptoms but opens the door to a diagnostic blood test and new treatment options, including a sur...

      

      
        Walk faster, age slower: The 14-step boost that builds strength
        Walking just a bit faster could be the key to aging well. Researchers found that older adults who upped their walking pace by just 14 steps per minute significantly improved their physical abilities--even those who were already frail. A new, user-friendly smartphone app helps measure walking cadence more accurately than typical devices, making this science-backed health strategy easy to adopt. By shifting from a casual stroll to a brisker walk, older adults can stay active, independent, and energi...

      

      
        Eggs are off the hook--study reveals bacon's the real heart risk
        Eggs are finally being vindicated after decades of cholesterol-related blame. New research from the University of South Australia reveals that eggs, despite their cholesterol content, aren't the dietary villains they've long been made out to be. Instead, it's the saturated fats found in foods like bacon and sausage that actually elevate harmful LDL cholesterol levels. In a world-first study, researchers showed that eating two eggs a day, as part of a low saturated fat diet, can even help reduce L...

      

      
        Science tested 64 natural remedies for depression--only a few actually work
        Over-the-counter (OTC) products like St John's Wort and omega-3s have long been touted for helping with depression, but new research reveals that 64 different OTC products have been tested in clinical trials, with varying levels of evidence. Some well-known options like St John's Wort, saffron, and probiotics showed encouraging results, sometimes comparable to antidepressants. Others like folic acid, lavender, and lemon balm show emerging promise. Although few safety concerns were reported, resea...

      

      
        Think it's just aging? Why dementia is missed for 3.5 years on average
        Many people with dementia endure long delays often over 3 years before receiving a diagnosis, with even longer waits for younger patients. A global review of over 30,000 cases reveals that age, dementia type, and systemic healthcare issues like specialist access and cultural barriers contribute to these delays. Researchers call for coordinated strategies to raise public awareness, reduce stigma, and train clinicians to recognize early symptoms and streamline referrals.

      

      
        Can AI predict cancer? New model uses genomics to simulate tumors
        A team of scientists has developed a remarkable new approach to modeling how cells behave over time--using a digital "forecast" much like predicting the weather. By combining patient genomics with a groundbreaking plain-language "hypothesis grammar," the researchers can simulate how cells communicate and evolve within tissues. These simulations allow scientists to digitally test how cancers grow, how immune systems respond, and even how treatments might work in individual patients.

      

      
        COVID vaccines saved 2. 5M lives globally--a death averted per 5,400 shots
        Between 2020 and 2024, COVID-19 vaccines saved 2.5 million lives globally, preventing one death for every 5,400 doses. A groundbreaking worldwide study led by researchers from Universita Cattolica and Stanford University reveals that most lives were saved before individuals were exposed to the virus, particularly during the Omicron period and among those aged 60+. The researchers also calculated 14.8 million years of life saved, with the elderly gaining the majority of these benefits.

      

      
        Scientists discover the receptor that helps your brain clean itself--and fight Alzheimer's
        Scientists at UCSF have uncovered how certain immune cells in the brain, called microglia, can effectively digest toxic amyloid beta plaques that cause Alzheimer's. They identified a key receptor, ADGRG1, that enables this protective action. When microglia lack this receptor, plaque builds up quickly, causing memory loss and brain damage. But when the receptor is present, it seems to help keep Alzheimer's symptoms mild. Since ADGRG1 belongs to a drug-friendly family of receptors, this opens the d...

      

      
        Scientists just invented a safer non-stick coating--and it's inspired by arrows
        Scientists at the University of Toronto have developed a new non-stick material that rivals the performance of traditional PFAS-based coatings while using only minimal amounts of these controversial "forever chemicals." Through an inventive process called "nanoscale fletching," they modified silicone-based polymers to repel both water and oil effectively. This breakthrough could pave the way for safer cookware, fabrics, and other products without the environmental and health risks linked to long-...

      

      
        Is the air you breathe silently fueling dementia? A 29-million-person study says yes
        Air pollution isn't just bad for your lungs--it may be eroding your brain. In a sweeping review covering nearly 30 million people, researchers found that common pollutants like PM2.5, nitrogen dioxide, and soot are all linked to a significantly higher risk of dementia. The most dangerous? PM2.5--tiny particles from traffic and industry that can lodge deep in your lungs and reach your brain.

      

      
        7000 steps a day cuts death risk by 47%--and that might be all you need
        Walking 7000 steps a day may be just as powerful as hitting the much-hyped 10,000-step goal when it comes to reducing the risk of early death and disease. A sweeping global review of 57 studies shows that 7000 steps per day slashes the risk of dying early by nearly half--and brings major benefits across heart health, dementia, depression, and more. The bonus? Even walking from 2000 to 4000 steps per day brings measurable improvements. For millions of people, this study redefines what it means to "...

      

      
        AI turns immune cells into precision cancer killers--in just weeks
        A breakthrough AI system is revolutionizing cancer immunotherapy by enabling scientists to design protein-based keys that train a patient s immune cells to attack cancer with extreme precision. This method, capable of reducing development time from years to weeks, was successfully tested on known and patient-specific tumor targets. Using virtual safety screenings to avoid harmful side effects, the platform represents a leap forward in personalized medicine.

      

      
        Ivermectin: The mosquito-killing pill that dropped malaria by 26%
        A groundbreaking study has revealed that the mass administration of ivermectin--a drug once known for treating river blindness and scabies--can significantly reduce malaria transmission when used in conjunction with bed nets.

      

      
        Millipedes make ants dizzy -- and might soon treat human pain
        Millipedes, often dismissed as creepy crawlies, may hold the secret to future painkillers and neurological drugs. Researchers at Virginia Tech discovered unique alkaloid compounds in the defensive secretions of a native millipede species. These complex molecules, which cause disorientation in ants, interact with human neuroreceptors linked to pain and cognition. By decoding these natural chemical defenses, scientists could open a new path toward innovative drug therapies, though challenges remain...

      

      
        The plant virus that trains your immune system to kill cancer
        A virus from humble black-eyed peas is showing extraordinary promise in the fight against cancer. Unlike other plant viruses, the cowpea mosaic virus (CPMV) can awaken the human immune system and transform it into a cancer-fighting powerhouse, without infecting human cells. By comparing it to a similar, but ineffective, virus, researchers uncovered that CPMV uniquely triggers potent interferons and immune responses, making it a low-cost, plant-grown immunotherapy on the fast track toward clinical...

      

      
        This bedtime snack swap could rewire your gut and help prevent diabetes
        A new study reveals that swapping a typical nighttime carbohydrate snack for pistachios may beneficially alter gut bacteria in people with prediabetes. Conducted by Penn State researchers, the 12-week clinical trial found that pistachio consumption increased beneficial gut microbes like Roseburia and reduced harmful ones such as Blautia hydrogenotrophica. These microbiome changes could potentially support metabolic health and slow the progression to Type 2 diabetes. While more research is needed ...

      

      
        Four hidden types of autism revealed -- and each tells a different genetic story
        Scientists at Princeton and the Simons Foundation have identified four biologically distinct subtypes of autism, using data from over 5,000 children and a powerful new computational method. These subtypes--each with unique traits, developmental paths, and genetic signatures--promise to revolutionize how we understand, diagnose, and treat autism.

      

      
        This sugar substitute does more than sweeten -- it kills cancer cells
        Fermenting stevia with a banana leaf-derived probiotic turns it into a powerful cancer-fighting agent that kills pancreatic cancer cells while sparing healthy ones. The secret lies in a metabolite called CAME, produced through microbial transformation.

      

      
        This DNA test can predict if a 5-year-old will be obese as an adult
        What if we could predict obesity before it ever takes hold? A global team has created a genetic test that forecasts a child's risk of adult obesity before age five--years before other factors kick in. By analyzing data from over five million people, their polygenic risk score doubles the predictive power of previous tools. While genetics isn't destiny, those with higher genetic risk respond better to weight loss interventions but may regain weight quickly. The tool isn't perfect, it performs far b...
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Reversing Alzheimer's damage: Two cancer drugs demonstrate surprising power | ScienceDaily
Scientists at UC San Francisco and Gladstone Institutes have identified cancer drugs that promise to reverse the changes that occur in the brain during Alzheimer's, potentially slowing or even reversing its symptoms.


						
The study first analyzed how Alzheimer's disease altered gene expression in single cells in the human brain. Then, researchers looked for existing drugs that were already approved by the Food and Drug Administration (FDA) and cause the opposite changes to gene expression.

They were looking specifically for drugs that would reverse the gene expression changes in neurons and in other types of brain cells called glia, all of which are damaged or altered in Alzheimer's disease.

Next, the researchers analyzed millions of electronic medical records to show that patients who took some of these drugs as part of their treatment for other conditions were less likely to get Alzheimer's disease.

When they tested a combination of the two top drugs -- both of which are cancer medications -- in a mouse model of Alzheimer's, it reduced brain degeneration in the mice, and even restored their ability to remember.

"Alzheimer's disease comes with complex changes to the brain, which has made it tough to study and treat, but our computational tools opened up the possibility of tackling the complexity directly," said Marina Sirota, PhD, the interim director of the UCSF Bakar Computational Health Sciences Institute, professor of pediatrics, and co-senior author of the paper. "We're excited that our computational approach led us to a potential combination therapy for Alzheimer's based on existing FDA-approved medications."

The findings appeared in Cell on July 21. The research was funded in part by the National Institutes of Health and the National Science Foundation.




Big data from patients and cells points to a new Alzheimer's therapy 

Alzheimer's disease affects 7 million people in the U.S. and causes a relentless decline in cognition, learning, and memory. Yet decades of research have only produced two FDA-approved drugs, neither of which can meaningfully slow this decline.

"Alzheimer's is likely the result of numerous alterations in many genes and proteins that, together, disrupt brain health," said Yadong Huang, MD, PhD, senior investigator and director of the Center for Translational Advancement at Gladstone, professor of neurology and pathology at UCSF, and co-senior author of the paper. "This makes it very challenging for drug development -- which traditionally produces one drug for a single gene or protein that drives disease."

The team took publicly available data from three studies of the Alzheimer's brain that measured single-cell gene expression in brain cells from deceased donors with or without Alzheimer's disease. They used this data to produce gene expression signatures for Alzheimer's disease in neurons and glia.

The researchers compared these signatures with those found in the Connectivity Map, a database of results from testing the effects of thousands of drugs on gene expression in human cells.

Out of 1,300 drugs, 86 reversed the Alzheimer's disease gene expression signature in one cell type, and 25 reversed the signature in several cell types in the brain. But just 10 had already been approved by the FDA for use in humans.




Poring through records housed in the UC Health Data Warehouse, which includes anonymized health information on 1.4 million people over the age of 65, the group found that several of these drugs seemed to have reduced the risk of developing Alzheimer's disease over time.

"Thanks to all these existing data sources, we went from 1,300 drugs, to 86, to 10, to just 5," said Yaqiao Li, PhD, a former UCSF graduate student in Sirota's lab who is now a postdoctoral scholar in Huang's lab at Gladstone and the lead author of the paper. "In particular, the rich data collected by all the UC health centers pointed us straight to the most promising drugs. It's kind of like a mock clinical trial."

A combination therapy poised for primetime 

Li, Huang, and Sirota chose 2 cancer drugs out of the top 5 drug candidates for laboratory testing. They predicted one drug, letrozole, would remedy Alzheimer's in neurons; and another, irinotecan, would help glia. Letrozole is usually used to treat breast cancer; irinotecan is usually used to treat colon and lung cancer.

The team used a mouse model of aggressive Alzheimer's disease with multiple disease-related mutations. As the mice aged, symptoms resembling Alzheimer's emerged, and they were treated with one or both drugs.

The combination of the two cancer drugs reversed multiple aspects of Alzheimer's in the animal model. It undid the gene expression signatures in neurons and glia that had emerged as the disease progressed. It reduced both the formation of toxic clumps of proteins and brain degeneration. And, importantly, it restored memory.

"It's so exciting to see the validation of the computational data in a widely used Alzheimer's mouse model," Huang said. He expects the research to advance soon to a clinical trial so the team can directly test the combination therapy in Alzheimer's patients.

"If completely independent data sources, such as single-cell expression data and clinical records, guide us to the same pathways and the same drugs, and then resolve Alzheimer's in a genetic model, then maybe we're onto something," Sirota said. "We're hopeful this can be swiftly translated into a real solution for millions of patients with Alzheimer's."

Authors: Other UCSF authors are Carlota Pereda Serras, MS, Jessica Blumenfeld, Xinyu Tang, PhD, Antara Rao, PhD, Sarah Woldemariam, PhD, Alice Tang, PhD, Tomiko Oskotsky, MD, and Michael J Keiser, PhD. Other Gladstone Institutes authors are Min Xie, PhD, Yanxia Hao, Elise Deng, You Young Chun, Julia Holtzman, Alice An, Seo Yeon Yoon, MBA, Alex Zhang, Jeffrey Simms, MA, and Iris Lo.

Funding: This study was supported by the National Institute on Aging (R01AG060393, R01AG057683, RF1AG076647, R01AG078164, and P01AG073082), the National Science Foundation (2034836), and the Dolby Family Fund.
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Fat melts away-but so does muscle: What Ozempic users need to know | ScienceDaily
Popular GLP-1 drugs help many people drop tremendous amounts of weight, but the drugs fail to provide a key improvement in heart and lung function essential for long-term good health, University of Virginia experts warn in a new paper.


						
The researchers emphasize that weight loss associated with GLP-1 drugs has many clear health benefits for people with obesity, type 2 diabetes and heart failure, including improving blood-sugar control, short-term cardiorenal benefits and improvements in survival outcomes. But doctors may need to consider recommending exercise programs or develop other approaches, such as nutrition supplements or complementary medications, to help GLP-1 patients get the full cardiorespiratory benefits of substantial weight loss over the long-run, the researchers say.

"Some patients literally told me that they felt that they were losing muscle or muscle was slipping away from them while they were on these medications," said researcher Zhenqi Liu, MD, Professor of Medicine and James M. Moss Professor of Diabetes at the University of Virginia School of Medicine and former chief of UVA Health's Division of Endocrinology and Metabolism. "This is a serious concern. Muscle, especially axial muscle, is essential for posture, physical function and overall well-being. Losing lean body mass can increase the risk of cardiovascular disease, all-cause mortality and diminished quality of life. We need to make sure that patients prescribed these medications aren't already at risk for malnutrition or low muscle mass."

About GLP-1 Drugs

While GLP-1 drugs help people lose fat, this comes with loss of fat-free mass, of which muscle makes up 40% to 50%. In fact, fat-free mass lost accounts for 25-40% of the total pounds lost, while age-related declines in fat-free mass are only 8% per decade.

Liu and his collaborators, graduate student Nathan R. Weeldreyer and Siddhartha S. Angadi, PhD, Associate Professor of Kinesiology at UVA's School of Education and Human Development, wanted to better understand the potential long-term consequences of this muscle loss, so they reviewed available data on the drugs' effects on cardiorespiratory fitness, or CRF.

CRF (or VO2max) is a measure of how well the body can use oxygen during exercise. It is a handy way for doctors to assess how well the heart, lungs, muscle and blood vessels work together, and it is used to predict all-cause and cardiovascular mortality (risk of death).




Patients with obesity often have low CRF. In some cases, this is because the person lacks muscle mass; in others, a person may have enough muscle, but the quality of that muscle is compromised by fat that has penetrated it.

"Cardiorespiratory fitness is a potent predictor of all-cause and cardiovascular mortality risk across a range of populations, including obesity, diabetes and heart failure," said Angadi, a cardiovascular exercise physiologist with UVA's Department of Kinesiology. "In a recent study by our group that examined mortality outcomes from almost 400,000 individuals across the world, we found that CRF was far superior to overweight or obesity status for predicting the risk of death. In fact, once CRF was factored in, body weight failed to predict the risk of mortality. This is why it's so important to understand the effects of this new class of drugs on it."

In their review of the available medical literature, the researchers found that GLP-1 drugs improve certain measures of heart function, yet those improvements don't translate into significant improvements in VO2max.

Some small studies, they note, have suggested that exercise can help improve VO2max for patients taking GLP-1 drugs, but these had poor controls and larger, well-designed studies are needed to bear that out.

Ensuring Healthy Weight Loss

The researchers ultimately conclude that GLP-1 drugs "significantly reduce body weight and adiposity, along with a substantial FFM [fat-free mass] loss, but with no clear evidence of CRF enhancement." They remain concerned that this could take a toll on patients' metabolic health, healthspan/frailty and overall longevity. They are urging additional research to better understand the effects of the drugs and ensure patients get the best possible outcomes.




They note, however, that there are promising signs that we may be able to develop medications to help, such as a monoclonal antibody already in the pipeline that may be able to offset lean-muscle loss.

"This is an area of active research, and we are hopeful that better solutions are coming soon," Liu said. "But for now it is important that patients prescribed GLP-1 drugs have conversations with their healthcare providers about strategies to preserve muscle mass. The American Diabetes Association recommends screening for malnutrition and low muscle mass risk before starting these medications and promoting adequate protein intake and regular exercise throughout treatment."

"Finally," Angadi added, "exercise training during GLP1 therapy remains to be assessed in its ability to preserve or improve VO2max during GLP1 therapy."

Findings Published

The researchers have published their findings in JCEM, the Journal of Clinical Endocrinology & Metabolism. The work was supported by the National Institutes of Health, grants R01DK124344 and R01DK125330.
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Pain relief without pills? VR nature scenes trigger the brain's healing switch | ScienceDaily
Immersing in virtual reality (VR) nature scenes helped relieve symptoms that are often seen in people living with long-term pain, with those who felt more present experiencing the strongest effects.


						
A new study led by the University of Exeter, published in the journal Pain, tested the impact of immersive 360-degree nature films delivered using VR compared with 2D video images in reducing experience of pain, finding VR almost twice as effective.

Long-term (chronic) pain typically lasts more than three months and is particularly difficult to treat. The researchers simulated this type of pain in healthy participants, finding that nature VR had an effect similar to that of painkillers, which endured for at least five minutes after the VR experience had ended.

Dr Sam Hughes, Senior Lecturer in Pain Neuroscience at the University of Exeter, led the study. He said: "We've seen a growing body of evidence show that exposure to nature can help reduce short term, everyday pain, but there has been less research into how this might work for people living with chronic or longer-term pain. Also, not everyone is able to get out for walks in nature, particularly those living with long term health conditions like chronic pain. Our study is the first to look at the effect of prolonged exposure to a virtual reality nature scene on symptoms seen during long term pain sensitivity. Our results suggest that immersive nature experiences can reduce the development of this pain sensitivity through an enhanced sense of presence and through harnessing the brains in-built pain suppression systems''

The study, which was funded by the Academy of Medical Sciences, involved 29 healthy participants who were shown two types of nature scene after having pain delivered on the forearm using electric shocks. On the first visit, they measured the changes in pain that occur over a 50-minute period following the electric shocks and showed how the healthy participants developed sensitivity to sharp pricking stimuli in the absence of any nature scenes. The results showed that the participants developed a type of sensitivity that closely resembles that seen in people living with nerve pain -- which occurs due to changes in how pain signals are processed in the brain and spinal cord.

On the second visit, they immersed the same participants in a 45-minute virtual reality 360-degree experience of the waterfalls of Oregon to see how this could change how the development of pain sensitivity. The scene was specially chosen to maximize therapeutic effects.

In the second visit, they explored the same scene, but on a 2D screen.




They completed questionnaires on their experience of pain after watching the scenes in each case, and also on how present they felt in each experience, and to what extent they felt the nature scenes to be restorative[LV1] .

On a separate visit, participants underwent MRI brain scans at the University of Exeter's Mireille Gillings Neuroimaging Centre. Researchers administered a cold gel to illicit a type of ongoing pain and then scanned participants to study how their brains respond.

The researchers found that the immersive VR experience significantly reduced the development and spread of feelings of pain sensitivity to pricking stimuli, and these pain-reducing effects were still there even at the end of the 45-minute experience.

The more present the person felt during the VR experience, the stronger this pain-relieving effect. The fMRI brain scans also revealed that people with stronger connectivity in brain regions involved in modulating pain responses experienced less pain. The results suggest that nature scenes delivered using VR can help to change how pain signals are transmitted in the brain and spinal cord during long-term pain conditions.

Dr Sonia Medina, of the University of Exeter Medical School and one of the authors on the study, said: "We think VR has a particularly strong effect on reducing experience of pain because it's so immersive. It really created that feeling of being present in nature - and we found the pain - reducing effect was greatest in people for whom that perception was strongest. We hope our study leads to more research to investigate further how exposure to nature effects our pain responses, so we could one day see nature scenes incorporated into ways of reducing pain for people in settings like care homes or hospitals."

The paper is titled 'Immersion in nature through virtual reality attenuates the development and spread of mechanical secondary hyperalgesia: a role for insulo-thalamic effective connectivity' and is published in the journal Pain.
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Max-dose statins save lives-here's why doctors are starting strong | ScienceDaily
There is broad consensus that the overall body of evidence shows lowering LDL (low-density lipoprotein) cholesterol provides both statistically significant and clinically meaningful benefits in treating and preventing cardiovascular disease. Often referred to as the "bad" cholesterol, elevated levels of LDL can clog arteries and significantly increase the risk of heart attacks and strokes.


						
In an invited editorial published in the current issue of Trends in Cardiovascular Medicine, researchers from Florida Atlantic University's Schmidt College of Medicine urge practicing cardiologists to achieve lower LDL cholesterol levels beginning with the highest doses of the most potent statins, namely rosuvastatin and atorvastatin. The authors emphasize that high-potency statins should be the primary pharmacologic in the treatment of cardiovascular disease as adjuncts to therapeutic lifestyle changes.

The researchers emphasize that therapeutic lifestyle changes will be effective in the absence and presence of adjunctive therapies in treating and preventing cardiovascular diseases. Lifestyle changes of proven benefit include avoidance or cessation of cigarette smoking, achieving and maintaining healthy body weight and blood pressure, regular physical activity, and restricting alcohol consumption.

Despite the proven effectiveness of therapeutic lifestyle changes, approximately 40% of adults in the United States have metabolic syndrome, a constellation of risk factors including obesity, hypertension, dyslipidemia, and insulin resistance. These individuals have a cardiovascular risk equivalent to those with prior heart attacks or strokes, yet many are underdiagnosed and undertreated.

The authors also underscore that only about 21% of Americans meet the minimum daily requirement for physical activity, and that meaningful increases in physical activity are possible at any age, including among older adults.

Based on the robust totality of randomized trial data and their meta-analyses, the authors conclude that statins - particularly rosuvastatin and atorvastatin - have the strongest and most consistent body of evidence supporting their prescription in treatment and prevention in both men and women including older adults.

Because most patients tend to stay on their initially prescribed statin dose, the authors recommend that cardiologists consider starting therapy with the highest dose of these agents and titrating down if necessary. They also highlight that the benefits of statins and aspirin are at least additive and potentially synergistic. Most secondary prevention patients should be prescribed aspirin. In primary prevention, however, individual clinical judgments are necessary, and aspirin should be considered after statins - and if the residual risk of occlusion exceeds that of major bleeding, predominantly gastrointestinal.




"Practicing cardiologists may wish to consider that all adjunctive drug therapies to therapeutic lifestyle changes should be added only after achieving maximal doses of statins. Further, statins have the largest and most persuasive body of evidence of any pharmacological adjunctive therapy in treatment and prevention of cardiovascular disease," said Charles H. Hennekens, M.D, FACC, senior and corresponding author and the first Sir Richard Doll Professor of Medicine and Preventive Medicine, and interim chair, Department of Population Health, Schmidt College of Medicine.

The researchers offer cautious views of adjunctive therapies such as ezetimibe and evolocumab, which tend to be used more widely than optimal. For example, in the IMPROVE-IT trial, the addition of ezetimibe to simvastatin showed only a minor benefit, while the FOURIER trial demonstrated evolocumab's efficacy in secondary prevention only in patients with familial hypercholesterolemia already on maximal statin doses. While FOURIER was a completed trial of secondary prevention, ILLUMINATE is an ongoing trial in high-risk primary prevention patients with familial hypercholesterolemia.

"These findings suggest that such therapies may be more appropriately reserved for select high-risk patients who have not achieved LDL goals with statins alone," said Hennekens.

The authors also discuss the role of omega-3 fatty acids, noting that earlier trials were positive but later tended to show no net benefit. The authors opine that this may have been due to widespread statin use. They note that in REDUCE-IT, a large-scale randomized trial, icosapent ethyl was the only omega-3 fatty acid to demonstrate significant added benefits when added to evidence-based doses of high potency statins. Patients assigned at random to icosapent ethyl, a purified form of eicosapentanoic acid, experienced a significant 25% reduction in major cardiovascular events, with a number needed to treat of just 21.

Hennekens also reflected on the enduring relevance of Benjamin Franklin's 1736 observation that "an ounce of prevention is worth a pound of cure."

First author of the editorial is John Dunn, a third-year medical student in the Schmidt College of Medicine.
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Why cold feels good: Scientists uncover the chill pathway | ScienceDaily
Researchers at the University of Michigan have illuminated a complete sensory pathway showing how the skin communicates the temperature of its surroundings to the brain.


						
This discovery, believed to be the first of its kind, reveals that cool temperatures get their own pathway, indicating that evolution has created different circuits for hot and cold temperatures. This creates an elegant solution for ensuring precise thermal perception and appropriate behavioral responses to environmental changes, said Bo Duan, senior author of the new study.

"The skin is the body's largest organ. It helps us detect our environment and separate, distinguish different stimuli," said Duan, a U-M associate professor of molecular, cellular, and developmental biology. "There are still many interesting questions about how it does this, but we now have one pathway for how it senses cool temperatures. This is the first neural circuit for temperature sensation in which the full pathway from the skin to the brain has been clearly identified."

This work deepens our understanding of fundamental biology and brings us closer to an explanation for how we evolved to inhabit safe temperatures and avoid dangerous extremes, Duan said. But it also has medical implications that can be explored to help improve the quality of life for people in the future.

For example, more than 70% of people who have undergone chemotherapy experience pain caused by cool temperatures, Duan said. The new study found that the neural circuit responsible for sensing innocuous cool does not mediate this type of cold pain. But, in understanding how the cool-sensing circuitry works when it's functioning properly under normal conditions, researchers now have a better chance of discovering what goes wrong in disease or injury. It could also help develop targeted therapies that restore healthy sensation without impairing normal temperature perception.

This research was funded by the National Institutes of Health and performed in collaboration with Shawn Xu and his research team in the U-M Life Sciences Institute.

A cool amplifier discovery

In their study, published in the journal Nature Communications, Duan and his team used sophisticated imaging techniques and electrophysiology to observe how mice transmitted the sensation of cool temperatures from their skin to the brain.




It's an approach the team has applied to other sensations in the past. Headed by postdoctoral research fellow Hankyu Lee and doctoral students Chia Chun Hor and Lorraine Horwitz, the team turned its focus to temperature in this work.

"These tools have allowed us to identify the neural pathways for chemical itch and mechanical itch previously," Duan said. "Working together, the team identified this very interesting, very dedicated pathway for cool sensation."

The cool signal starts at the skin, which is home to molecule sensors that can detect a specific range of temperatures between about 15 and 25 degrees Celsius -- equivalent to 59 and 77 degrees Fahrenheit. When those sensors engage, they excite primary sensory neurons, which send the cool signal to the spinal cord. Here, the team found that the signal is amplified by specialized interneurons, which then activate projection neurons that connect to the brain.

Researchers had previously known about the skin's molecular thermometers -- they, in part, earned researchers in California the 2021 Nobel Prize in Physiology or Medicine -- but the spinal cord's amplifier was an unknown key ingredient. With the amplifier disabled, the cool signal becomes lost in the noise, the team found.

Although the study was performed in mice, each component of the circuit has been shown to be in humans through genetic sequencing, Duan said. So it's likely that we have the same pathway to thank for the refreshing sensation of stepping into an air-conditioned room on a hot summer day.

Moving forward, the team is looking to identify the pathway or pathways involved in acute cold pain.




"I think the painful sensations are going to be more complicated," Duan said. "When we're in riskier situations, there could be multiple pathways involved."

His team is also interested in how the brain processes these various skin signals and how we've evolved not only to differentiate between them, but also connect emotions with them to help protect ourselves. In fact, it's the curiosity around those sorts of questions that originally motivated Duan's work, which he is perpetually reminded of working in Michigan.

"In summer, I love walking along Lake Michigan and having a gentle breeze hit my face. I feel very cool, very comfortable," Duan said. "But the winter is really terrible for me."
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The 0.05% RNA Process That Makes Cancer Self-Destruct | ScienceDaily
Australian researchers have discovered a promising new strategy to suppress the growth of aggressive and hard-to-treat cancers by targeting a specialized molecular process known as 'minor splicing'.


						
Published in EMBO Reports, the study shows that blocking minor splicing can markedly slow tumor growth in liver, lung and stomach cancers, while leaving healthy cells largely unharmed.

The research in animal models and human cells, from Australian medical research institute WEHI, demonstrates the potential of this strategy to target cancers driven by mutations in common cancer-causing genes.

At a glance 
    	New research shows that targeting minor splicing significantly reduces tumor growth in liver, lung and gastric cancers.
    	The strategy is particularly effective for cancers driven by KRAS mutations, which are among the most common genetic changes found in cancer.
    	The study demonstrates the therapeutic potential of minor splicing inhibition across diverse cancer models.

Why minor splicing matters 

Splicing is how cells turn long strands of RNA into shorter pieces called messenger RNA, which provide the template for the production of proteins.

While major splicing carries out 99.5% of this work, minor splicing is an indispensable process for the remaining 0.05% of genes, affecting about 700 of the 20,000 genes in the human genome.




The new research reveals that blocking minor splicing causes the accumulation of DNA damage in cancer cells and activates a key tumor suppressor pathway that leads to cell death. Remarkably, healthy cells are largely unaffected.

Although it affects only a small sub-set of genes, minor splicing is crucial for the correct expression of genes that drive cell growth and division - making it a potential Achilles' heel for cancer cells.

Importantly, many of these genes are commonly hijacked by cancers driven by KRAS mutations, which are among the most frequent genetic changes found in solid tumors.

WEHI laboratory head Professor Joan Heath said scientists have long known that KRAS is central to many aggressive cancers but have struggled to turn that knowledge into broadly effective treatments.

"KRAS mutations come in a variety of flavors, making them extremely hard to treat, so even with decades of scientific effort there has been only limited progress so far," Prof Heath said.

"But our approach is different. Instead of trying to target specific mutations that may only apply to a subset of patients, we're disrupting a fundamental process that these fast-growing cancers rely on.




"This research offers a new way to tackle a problem that's long resisted conventional approaches, with the potential to help a much wider group of patients."

Striking result reveals path towards new treatments 

Using zebrafish and mouse models, as well as human lung cancer cells, the WEHI-led research is the first to demonstrate the impact of inhibiting minor splicing in in vivo models of solid tumours.

The study found reducing the activity of a protein encoded by the RNPC3 gene - an essential component of the minor splicing machinery - significantly slows tumor growth in liver, lung and stomach cancers.

"Just by halving the amount of this protein, we were able to significantly reduce tumor burden," said Dr Karen Doggett, first author of the study.

"That's a striking result, especially given how resilient these cancers usually are."

The study also revealed that disrupting minor splicing triggers the p53 tumor suppressor pathway, a critical defense mechanism in the body's fight against cancer.

Dubbed the 'guardian of the genome', the p53 protein responds to DNA damage by stalling cell division, initiating DNA repair or triggering cell death. This well-known pathway is frequently mutated or disabled in many cancers, allowing these cells to grow unchecked.

"Blocking minor splicing leads to DNA damage and activates this critical defensive response, which means cancers with a functional p53 pathway are likely to be especially vulnerable to this strategy," Dr Doggett said.

"This opens the door to treatments that could be both more effective and less toxic, offering hope for patients with aggressive cancers that currently have limited options."

Drug discovery collaboration 

To search for compounds that might inhibit minor splicing, the research team turned to the National Drug Discovery Centre headquartered at WEHI, with a screen of over 270,000 drug-like molecules identifying several promising hits.

"We've validated minor splicing as a compelling therapeutic target - now the challenge is to develop a drug compound that can safely and effectively inhibit it," Prof Heath said.

The research draws on WEHI's deep expertise in gene discovery and cancer biology, showcasing the power of collaboration across multiple labs and technologies.

"One of the strengths of this study is the breadth of models and tumor types we used," Prof Heath said.

"We didn't just test one kind of cancer or use one analysis method. This diversity in our approach gives us confidence that our strategy could be relevant across many forms of cancer, and not just in a narrow set of conditions."

The research was supported by the National Health and Medical Research Council of Australia (NHMRC), Ludwig Institute for Cancer Research and the National Institute of Neurological Disorders and Stroke.

The study, "Inhibition of the minor spliceosome restricts the growth of a broad spectrum of cancers," is published in EMBO Reports.
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The pandemic's secret aftershock: Inside the gut-brain breakdown | ScienceDaily
A new international study confirmed a significant post-pandemic rise in disorders of gut-brain interaction, including irritable bowel syndrome (IBS) and functional dyspepsia, according to the paper published in Clinical Gastroenterology and Hepatology. 


						
Building on prior research, investigators used Rome Foundation diagnostic tools to analyze nationally representative samples from both 2017 and 2023 -- offering the first direct, population-level comparison of disorders of gut-brain interaction prevalence before and after the COVID-19 pandemic.

Key findings:
    	Overall disorders of gut-brain interaction rose from 38.3% to 42.6%.
    	IBS jumped 28%, from 4.7% to 6%.
    	Functional dyspepsia rose by nearly 44%, from 8.3% to 11.9%.
    	Individuals with long COVID were significantly more likely to have a disorder of gut-brain interaction and reported worse anxiety, depression, and quality of life.

This is the first population-level study to directly compare rates of disorders affecting gut-brain interaction before and after the pandemic, using a consistent methodology. It adds weight to growing calls for updated care models and more research into the gut-brain axis in the post-COVID era.

Irritable bowel syndrome

Irritable bowel syndrome (IBS) is a chronic gastrointestinal disorder that affects the large intestine, characterized by a group of symptoms that commonly include abdominal pain, bloating, and changes in bowel habits such as diarrhea, constipation, or both. Although it does not cause permanent damage to the intestines or lead to more serious conditions, IBS can significantly impact quality of life. The exact cause is not fully understood, but contributing factors may include gut-brain axis dysregulation, altered gut motility, intestinal inflammation, changes in gut microbiota, and heightened sensitivity to certain foods or stress. Diagnosis is typically based on clinical criteria (such as the Rome IV criteria), and treatment often involves dietary modifications, stress management, and symptom-targeted medications.

Functional dyspepsia

Functional dyspepsia is a common chronic disorder that affects the upper digestive tract, causing symptoms such as persistent or recurring pain or discomfort in the upper abdomen, early satiety (feeling full quickly), bloating, and nausea, without an identifiable structural or biochemical cause on standard diagnostic tests. It is considered a disorder of gut-brain interaction, where altered gastrointestinal motility, visceral hypersensitivity, psychosocial factors, and possibly low-grade inflammation contribute to symptom generation. Functional dyspepsia is diagnosed based on clinical criteria, such as the Rome IV guidelines, after ruling out other conditions like peptic ulcers or gastroesophageal reflux disease (GERD). Management typically includes dietary and lifestyle modifications, psychological therapies, and medications such as proton pump inhibitors, prokinetics, or antidepressants, depending on symptom profile and severity.
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This brain circuit may explain fluctuating sensations-and autism | ScienceDaily
The cerebral cortex processes sensory information via a complex network of neural connections. How are these signals modulated to refine perception? A team from the University of Geneva (UNIGE) has identified a mechanism by which certain thalamic projections target neurons and modify their excitability. This work, published in Nature Communications, reveals a previously unknown form of communication between two regions of the brain, the thalamus and the somatosensory cortex. It could explain why the same sensory stimulus does not always elicit the same sensation and open up new avenues for understanding certain mental disorders.


						
The same sensory stimulus can be perceived clearly at times, and remain vague at others. This phenomenon can be explained by the way the brain integrates stimuli. For example, touching an object outside our field of vision may be enough to identify it...or not. These perceptual variations remain poorly understood, but may depend on factors such as attention or the disruptive presence of other stimuli. What is certain, according to neuroscientists, is that when we touch something, sensory signals from receptors in the skin are interpreted by a specialised region called the somatosensory cortex.

On their way to it, the signals pass through a complex network of neurons, including a crucial structure in the brain called the thalamus, which serves as a relay station. However, the process is not one-way. A significant portion of the thalamus also receives feedback from the cortex, forming a loop of reciprocal communication. But the exact role and functioning of this feedback loop are still unclear. Could it play an active role in how we perceive sensory information?

A new modulatory pathway

To explore this question, neuroscientists at UNIGE studied a region at the top of pyramidal neurons of the somatosensory cortex, rich in dendrites - extensions that receive electrical signals from other neurons. ''Pyramidal neurons have rather strange shapes. They are asymmetrical, both in shape and function. What happens at the top of the neuron is different from what happens at the bottom,'' explains Anthony Holtmaat, full professor at the Department of Basic Neurosciences (NEUFO) and the Synapsy Centre for Neuroscience Research for Mental Health at UNIGE's Faculty of Medicine, and director of the study.

His team focused on a pathway in which the top of pyramidal neurons in mice receives projections from a specific part of the thalamus. By stimulating the animal's whiskers - the equivalent of touch in humans - a precise dialogue between these projections and the dendrites of pyramidal neurons was revealed. ''What is remarkable, unlike the regular thalamic projections known to activate pyramidal neurons, is that the part of the thalamus providing feedback modulates their activity, in particular by making them more sensitive to stimuli,'' says Ronan Chereau, senior researcher at NEUFO and co-author of the study.

An unexpected receptor

Using cutting-edge techniques - imaging, optogenetics, pharmacology and, above all, electrophysiology - the research team was able to record the electrical activity of tiny structures such as dendrites. These approaches helped clarify how this modulation works at the synaptic level. Normally, the neurotransmitter glutamate acts as an activation signal. It helps neurons transmit sensory information by triggering an electrical response in the next neuron.




In this newly discovered mechanism, glutamate released from thalamic projections binds to an alternative receptor located in a specific region of the cortical pyramidal neuron. Rather than directly exciting the neuron, this interaction alters its state of responsiveness, effectively priming it for future sensory input. The neuron then becomes more easily activated, as if it were being conditioned to better respond to a future sensory stimulus.

''This is a previously unknown pathway for modulation. Usually, the modulation of pyramidal neurons is ensured by the balance between excitatory and inhibitory neurons, not by this type of mechanism,'' explains Ronan Chereau.

Implications for perception and disorders

By demonstrating that a specific feedback loop between the somatosensory cortex and the thalamus can modulate the excitability of cortical neurons, the study suggests that thalamic pathways do not simply transmit sensory signals, but also act as selective amplifiers of cortical activity. ''In other words, our perception of touch is not only shaped by incoming sensory data, but also by dynamic interactions within the thalamocortical network,'' adds Anthony Holtmaat. This mechanism could also contribute to understanding the perceptual flexibility observed in states of sleep or wakefulness, when sensory thresholds vary. Its alteration could also play a role in certain pathologies, such as autism spectrum disorders.
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This tiny lung-on-a-chip could predict-and fight-the next pandemic | ScienceDaily
Respiratory infections such as COVID-19 have been responsible for numerous pandemics and have placed a substantial burden on healthcare systems. Such viruses can cause significant damage to our lungs, especially to the proximal region, or airway, and distal region, also known as the alveoli.


						
The responses of different lung regions to such infections are varying and complex, so accurately replicating them using traditional models, such as animals and simple in vitro systems, poses a challenge.

To solve this problem, a team of researchers at Kyoto University has developed a micro physiological system, or MPS, capable of emulating different regions of human lungs. Specifically, their device can simulate the airway and alveoli to investigate viral pathologies. Coupled with isogenic iPSCs, the team is preparing for more personalized and accurate treatment of respiratory diseases.

"Our iPSC-derived lung chips enable us to model the distinct responses of proximal and distal lung regions, derived from an isogenic source to respiratory virus infections," states the lead author Sachin Yadav, a PhD student at Kyoto University.

The team's research provides a more accurate platform for studying tissue- and virus-specific disease mechanisms, as well as for evaluating drug effectiveness. Moreover, their approach holds significant promise for addressing future pandemics.

"The insights gained can be used to develop models of other human organs and multi-organ systems, facilitating the study of organ interactions," notes team leader Ryuji Yokokawa.

"The ability to accurately replicate the variations in host responses to different viruses and lung regions can significantly enhance our understanding of emerging viruses and facilitate early drug screening," says senior researcher Takeshi Noda.

"Integrating iPSCs into our MPS offers unparalleled advantages, with the cells providing benefits such as personalized medicine and isogenic models," adds Shimpei Gotoh, another senior team member.

This chip system has potential applications beyond viral infections, and could be used to enhance personalized medicine by enabling the use of patient-specific iPSCs to study other conditions as well.
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Your sleep schedule could be making you sick, says massive new study | ScienceDaily

Using actigraphy data over an average of 6.8 years, researchers identified that 92 diseases had over 20% of their risk attributable to poor sleep behavior. Notably, irregular bedtime (after 00:30) was linked to a 2.57-fold higher risk of liver cirrhosis, while low interdaily stability increased the risk of gangrene by 2.61 times.

Importantly, the study challenges previous claims that "long sleep" ([?]9 hours) is harmful. While subjective reports have linked long sleep to stroke and heart disease, objective data revealed this association in only one disease. Misclassification may be to blame: 21.67% of "long sleepers" actually slept less than 6 hours, suggesting that time spent in bed is often confused with actual sleep time.

"Our findings underscore the overlooked importance of sleep regularity," said Prof. Shengfeng Wang, senior author of the study. "It's time we broaden our definition of good sleep beyond just duration."

The team confirmed several associations in U.S. populations and identified inflammatory pathways as a possible biological link. Future research will explore causality and assess the impact of sleep interventions on chronic disease outcomes.
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Columbia scientists turn yogurt into a healing gel that mimics human tissue | ScienceDaily
Researchers from Columbia Engineering have established a framework for the design of bioactive injectable hydrogels formulated with extracellular vesicles (EVs) for tissue engineering and regenerative medicine applications.


						
Published on July 25 in Matter, Santiago Correa, assistant professor of biomedical engineering at Columbia Engineering, and his collaborators describe an injectable hydrogel platform that uses EVs from milk to address longstanding barriers in the development of biomaterials for regenerative medicine. EVs are particles naturally secreted by cells and carry hundreds of biological signals, like proteins and genetic material, enabling sophisticated cellular communication that synthetic materials cannot easily replicate.

In this study, Correa and colleagues designed a hydrogel system where EVs play a dual role: they act as bioactive cargo but also serve as essential structural building blocks, by crosslinking biocompatible polymers to form an injectable material. Using an unconventional approach that leveraged milk EVs from yogurt, the team was able to overcome yield constraints that hinder the development of EV-based biomaterials. The yogurt EVs enabled the hydrogel to both mimic the mechanics of living tissue and actively engage surrounding cells, promoting healing and tissue regeneration without the need for additional chemical additives.

"This project started as a basic question about how to build EV-based hydrogels. Yogurt EVs gave us a practical tool for that, but they turned out to be more than a model," said Correa who led the study with Artemis Margaronis, an NSF graduate research fellow in the Correa lab. "We found that they have inherent regenerative potential, which opens the door to new, accessible therapeutic materials."

Correa directs the Nanoscale Immunoengineering Lab at Columbia University, where his research focuses on drug delivery and immunoengineering. He is also a member of the Herbert Irving Comprehensive Cancer Center and collaborated on this project with Kam Leong, a fellow Columbia Engineering faculty member. The study was further strengthened through international collaboration with researchers from the University of Padova, including Elisa Cimetta (Department of Industrial Engineering) and graduate student Caterina Piunti. By combining Padova team's expertise in agricultural EV sourcing with the Correa lab's experience in nanomaterials and polymer-based hydrogels, the team demonstrated the power of cross-disciplinary, global partnerships in advancing biomaterials innovation.

By using yogurt-derived EVs, the team defined a design space for generating hydrogels that incorporate EVs as both structural and biological elements. They further validated the approach using EVs derived from mammalian cells and bacteria, demonstrating that the platform is modular and compatible with diverse vesicle sources. This could open the door to advanced applications in wound healing and regenerative medicine, where current treatments often fall short in promoting long-term tissue repair. By integrating EVs directly into the hydrogel structure, the material enables sustained delivery of their bioactive signals. Because the hydrogel is injectable, it can also be delivered locally to damaged tissue.

Early experiments show that yogurt EV hydrogels are biocompatible and drive potent angiogenic activity within one week in immunocompetent mice, demonstrating that agricultural EVs not only enable fundamental biomaterials research but also hold therapeutic potential as a next-generation biotechnology. In mice, the material showed no signs of adverse reaction and instead promoted the formation of new blood vessels, a key step in effective tissue regeneration. Correa's team also observed that the hydrogel creates a unique immune environment enriched in anti-inflammatory cell types, which may contribute to the observed tissue repair processes. The team is now exploring how this immune response could help guide tissue regeneration.

"Being able to design a material that closely mimics the body's natural environment while also speed up the healing process opens a new world of possibilities for regenerative medicine," said Margaronis. "Moments like these remind me why the research field in biomedical engineering is always on the cusp of something exciting."
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Walk faster, live longer: How just 15 minutes a day can boost lifespan | ScienceDaily
Regular walking is widely recognized for its significant benefits to overall health and well-being. Previous research has primarily focused on middle-to-high-income White populations. Now, a novel analysis using data from the Southern Community Cohort Study, involving 79,856 predominantly low-income and Black individuals across 12 southeastern US states, confirms the benefits of regular walking, especially at a faster pace, within a crucial, underrepresented group. The new study appearing in the American Journal of Preventive Medicine, published by Elsevier, underscores the importance of promoting walking, particularly at a brisk pace, as an effective form of physical activity for improving health.


						
Lead investigator Wei Zheng, MD, PhD, Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center, School of Medicine, Vanderbilt University, and Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical Center, says, "While the health benefits of daily walking are well-established, limited research has investigated effects of factors such as walking pace on mortality, particularly in low-income and Black/African-American populations. Our research has shown that fast walking as little as 15 minutes a day was associated with a nearly 20% reduction in total mortality, while a smaller reduction in mortality was found in association with more than three hours of daily slow walking. This benefit remained strong even after accounting for other lifestyle factors and was consistent across various sensitivity analyses."

Participants reported the average amount of time per day (minutes) they typically spend "walking slowly (such as moving around, walking at work, walking the dog, or engaging in light exercise)" and "walking fast (such as climbing stairs, brisk walking, or exercising)." Information regarding vital status and cause of death was obtained by linking the cohort to the National Death Index.

The protective effect of fast walking extended to all causes of death but was most pronounced for cardiovascular diseases. Importantly, the benefits of fast walking were independent of overall leisure-time physical activity levels (LTPA). Even for those who are already engaged in slow walking or some LTPA, adding more fast walking further reduced mortality.

According to the study the benefits of fast walking related to cardiovascular health are:
    	Boosts heart efficiency: As an aerobic exercise, fast walking improves cardiac output, increases oxygen delivery, and enhances the efficiency of the heart's pumping action, leading to better overall cardiovascular health.
    	Manages cardiovascular risk factors: Regular fast walking helps control body weight and composition, reducing obesity and related risks like hypertension and dyslipidemia.
    	Highly accessible: Fast walking is a convenient, low-impact activity suitable for individuals of all ages and fitness levels.

Low-income populations often face economic constraints and are more likely to reside in impoverished, highly polluted communities with limited access to safe walking spaces. Additionally, these populations tend to have a higher prevalence of lifestyle behaviors that may increase disease risk and mortality, such as lower quality diet, cigarette smoking, and heavy alcohol consumption. At the same time, there are other challenges for individuals with low income such as lack of access to health insurance or healthcare that may also increase mortality. These factors collectively contribute to an increased mortality among low-income individuals and may potentially elucidate the racial disparities observed in longevity. By demonstrating the benefits of fast walking in this study, this research provides direct evidence to inform targeted interventions and policies to improve health equity.

Lead author of the article Lili Liu, MPH, Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center, School of Medicine, and Vanderbilt University, Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical Center, concludes, "Public health campaigns and community-based programs can emphasize the importance and availability of fast walking to improve health outcomes, providing resources and support to facilitate increased fast walking within all communities. Furthermore, the findings of the reduced mortality associated with fast walking pace were supported by previous studies conducted in middle- and upper-middle-income populations. Individuals should strive to incorporate more intense physical activity into their routines, such as brisk walking or other forms of aerobic exercise."
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This gut hormone could explain 40% of IBS-D cases-and lead to a cure | ScienceDaily
High levels of a hormone found in cells in the gut could underlie many cases of chronic diarrhea and help explain up to 40% of cases of patients with irritable bowel syndrome with diarrhea, according to a new study led by scientists at the University of Cambridge.


						
The research, published in the journal Gut, could help in the development of a blood test and points towards a potential new treatment.

When we eat, the liver releases bile acid to break down fats so that they can be absorbed into the body. Bile acid is released into the top end of the small intestine and then absorbed back into the body at the lower end.

However, around one person in every 100 is affected by a condition known as bile acid diarrhea (also known as bile acid malabsorption), whereby the bile acid is not properly re-absorbed and makes its way into the large intestine (colon). It can trigger urgent and watery diarrhea, and patients can risk episodes of incontinence.

Bile acid diarrhea can be difficult to diagnose as there are currently no routine clinical blood tests. Many individuals are given a diagnosis of irritable bowel syndrome (IBS), an umbrella term for a range of conditions. As many as one in 20 people is thought to have IBS, of which an estimated one in three patients with diarrhea as their main symptom have undiagnosed bile acid diarrhea.

Studies in mice have previously suggested that the gut hormone known as Insulin-Like Peptide 5 (INSL5) - present in cells at the far end of the colon and rectum - may play a role in chronic diarrhea. INSL5 is released by these cells when irritated by bile acid.

Researchers at the Institute of Metabolic Science, University of Cambridge, have been exploring whether this hormone might also underlie chronic diarrhea in humans. This has been possible thanks to a new antibody test developed by pharmaceutical company Eli Lilly, with whom the team is collaborating, which allows them to measure tiny amounts of INSL5.




A study at the University of Adelaide looking at ways to trigger release of the gut hormone GLP-1 - the hormone upon which weight-loss drugs are based - previously found that giving a bile acid enema to healthy volunteers triggered release of GLP-1, but had the unintended consequence of causing diarrhea. When the Cambridge team analyzed samples from this study, they found that the bile acid enema caused levels of INSL5 to shoot up temporarily - and the higher the INSL5 levels, the faster the volunteers needed to use the toilet. This confirmed that INSL5 is likely to play a role in chronic cases of diarrhea.

When the team analyzed samples obtained from Professor Julian Walters at Imperial College London, which include samples from patients with bile acid diarrhea, they found that while levels of INSL5 were almost undetectable in healthy volunteers, they were much higher in patients with bile acid diarrhea. In addition, the higher the INSL5 level, the more watery their stool samples.

Dr Chris Bannon from the University of Cambridge, the study's first author, said: "This was a very exciting finding because it showed us that this hormone could be playing a big part in symptoms of this misunderstood condition. It also meant it might allow us to develop a blood test to help diagnose bile acid diarrhea if INSL5 levels are only high in these individuals.

"When you go to the doctor with chronic diarrhea, it's likely they'll test for food intolerances, rule out an infection or look for signs of inflammation. There has been significant research interest in the microbiome, but gut hormones have been neglected. But it's becoming increasingly clear that gut hormones play an important role in things like gut health and weight management."

INSL5 also provides a potential target for treatment. Dr Bannon and colleagues obtained further samples from Professor Robin Spiller at the University of Nottingham, who had given the anti-sickness medication ondansetron - known to block the action of INSL5 in mice - to patients with IBS. Analysis of these samples by the Cambridge team showed that around 40% of these patients had raised levels of INSL5, even though they had had bile acid malabsorption ruled out, and these patients responded best to ondansetron.

Exactly why ondansetron is effective is currently unclear, though a known side effect of the drug is constipation. The team will now be investigating this further, hopeful that it will allow them either to repurpose the drug or to develop even better treatments. Bile acid diarrhea is usually treated with so-called bile acid sequestrants, but these are only effective in around two-thirds of patients.

Dr Bannon added: "I often get asked why we would have a hormone that gives you diarrhea. I think of it as a kind of poison sensor. Bile acids aren't meant to be in the colon - they're an irritant to the colon and they're toxic to the microbiome. It makes sense that you would have something that detects toxins and helps the body rid itself of them. But a problem develops if it's always being triggered by bile acid, causing very dramatic symptoms."

Dr Bannon is a clinical fellow in the group led by Professors Fiona Gribble and Frank Reimann at the Institute of Metabolic Science, University of Cambridge.

The research was supported by the Medical Research Council and Wellcome, with additional support from the National Institute for Health and Care Research Cambridge Biomedical Research Centre.
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Walk faster, age slower: The 14-step boost that builds strength | ScienceDaily
Frailty is a medically defined condition in older adults that increases vulnerability to everyday stresses, leading to a higher risk of falls, hospitalization and loss of independence. Warning signs of frailty include:


						    	Unintentional weight loss
    	Moving slowly
    	Feeling weak
    	Persistent tiredness
    	Low levels of physical activity

Because most of these signs have a direct link to how active someone is, walking is a particularly effective way to help older adults improve their overall health and quality of life and maintain independence for longer.

But a common question remains: How fast should older adults walk to see real benefits? Traditionally, the "talk test" has been used to guide walking intensity: people are encouraged to walk at a pace that makes it difficult to sing but still allows for comfortable conversation. However, this method is subjective and difficult to apply consistently.

A new study led by researchers at the University of Chicago Medicine found that walking slightly faster -- 14 steps per minute more than a person's usual pace -- led to meaningful improvements in physical function among older adults who were frail or at risk of becoming frail. In a second study, the researchers developed and tested a smartphone app designed to accurately measure walking pace, making it easier to integrate this beneficial practice into daily life.

Why study walking pace?

Walking cadence -- the number of steps taken per minute -- is an intuitive and pragmatic way to measure walking intensity. Daniel Rubin, MD, an anesthesiologist at UChicago Medicine, became interested in cadence because of his clinical experience evaluating older patients preparing for surgery.

"Older adults have a high risk of complications associated with surgery," he said. "Traditionally, surgical teams have relied on physical function questionnaires to risk stratify patients, but I thought there must be a way to develop more objective metrics."

Walking faster is healthier




In a secondary analysis of a randomized controlled trial, Rubin and his colleagues studied older adults classified as frail or prefrail. Participants were enrolled in structured walking programs within their retirement communities, guided and assessed by clinical research staff, and cadence was measured by a device fitted to their thigh. One group was encouraged to walk "as fast as safely possible," while another group walked at their usual comfortable pace.

The study's results showed clear benefits: those who increased their cadence by at least 14 steps per minute above their usual pace (to roughly 100 steps per minute) experienced substantial improvements in their functional capacity, demonstrated by their ability to walk longer distances in a standardized test.

"People who haven't experienced frailty can't imagine how big a difference it makes to be able to not get tired going to the grocery store or not need to sit down while they're out," Rubin said.

An intuitive walking app

Building on these findings, Rubin's team created a smartphone app called "Walk Test," which they designed specifically for measuring walking cadence accurately.

"We didn't necessarily trust smartphones' built-in analytics," Rubin said. "Instead, we built an app that uses a novel open-source method to analyze the data measured by the phone and lets us actively engage users in brief, deliberate walking tests, ensuring accurate measurement."

Validation testing showed that the app counts steps per minute with exceptional accuracy, closely matching specialized, research-grade accelerometers. Rubin noted that Walk Test was designed for accessibility and user-friendliness in addition to accuracy.




"We wanted to make it as low-barrier as possible so it's easy for older adults to use without additional equipment," he said. "The people who need the most help are usually the least well-equipped to get started."

Practical advice for daily life

The research highlights walking as a widely accessible exercise with substantial health benefits.

"Even casual walking had positive effects on our study participants," Rubin said. But for those who are able, increasing their walking pace judiciously can yield even greater results.

To use cadence to guide your walking intensity, start by measuring your usual walking pace in steps per minute to establish a baseline. From there, try increasing your pace slightly to find a level that still feels comfortable but brisker.

To maintain a steady and elevated cadence, Rubin recommends using a metronome app to match your steps to a consistent beat. While the Walk Test app developed by the research team is not yet available to the public, metronome apps are a simple alternative that can help walkers stay on pace and track progress over time.

These methods can help integrate faster-paced walking into daily routines, offering a simple yet effective strategy to people who want to stay healthier and more independent as they age.
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Eggs are off the hook-study reveals bacon's the real heart risk | ScienceDaily
From poached to panfried, when it comes to eggs, it's all sunny side up, as new research from the University of South Australia confirms that this breakfast favourite won't crack your cholesterol.


						
Long blamed for high cholesterol, eggs have been beaten up for their assumed role in cardiovascular disease (CVD). Now, UniSA researchers have shown definitively that it's not dietary cholesterol in eggs but the saturated fat in our diets that's the real heart health concern.

In a world-first study, researchers examined the independent effects of dietary cholesterol and saturated fat on LDL cholesterol (the 'bad' kind), finding that eating two eggs a day - as part of a high cholesterol but low saturated fat diet - can actually reduce LDL levels and lower the risk of heart disease.

CVD is the leading cause of death worldwide, responsible for nearly 18 million deaths each year. In Australia, one person dies from CVD every 12 minutes, accounting for one in four of deaths nationwide.

Lead researcher, UniSA's Professor Jon Buckley, says it's time to rethink the reputation of eggs.

"Eggs have long been unfairly cracked by outdated dietary advice," Prof Buckley says.

"They're unique - high in cholesterol, yes, but low in saturated fat. Yet it's their cholesterol level that has often caused people to question their place in a healthy diet.




"In this study, we separated the effects of cholesterol and saturated fat, finding that high dietary cholesterol from eggs, when eaten as part of a low saturated fat diet, does not raise bad cholesterol levels.

"Instead, it was the saturated fat that was the real driver of cholesterol elevation.

"You could say we've delivered hard-boiled evidence in defense of the humble egg.

"So, when it comes to a cooked breakfast, it's not the eggs you need to worry about - it's the extra serve of bacon or the side of sausage that's more likely to impact your heart health."
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Science tested 64 natural remedies for depression-only a few actually work | ScienceDaily
Most people have heard of St John's Wort and omega-3s. But did you know there are a lot more over-the-counter herbal products and supplements out there targeting depression?In our review of clinical trials of these products, we found 64 different over-the-counter (OTC) products that have been evaluated for depression - but with differing levels of evidence for each.


						
Why look at this topic?

Depression is increasingly common, to the extent that it is sometimes described as an epidemic. In the UK, 11.3% of people report mild depressive symptoms, 4.2% moderate depressive symptoms, and 3.3% severe depressive symptoms. Many of us know someone who struggles with minor or moderate levels of depression, or we may struggle from depressive symptoms ourselves. Often, we will try many things to help, such as antidepressants, talking therapies, meditation, or exercise. One common treatment people try is OTC products which are widely available and accessible from supermarkets, pharmacies, health food shops, and online.

Once you start looking into which OTC product might be helpful, the list becomes endless. This is particularly the case if you read online blogs or look at social media promotion of various products. How do we know what is evidence-based? What products are effective? Are they safe?

Given my background, I was naturally interested in understanding which products might be helpful and where research should focus next.

What did we do?

As a team we reviewed 23,933 study records and 1,367 papers. Overall, we found 209 clinical trials that assessed 64 OTC products for depression where the product was taken for more than one week. We focused on the most rigorous way of evaluating the effectiveness and safety - clinical trials. Studies in adults aged 18-60 years with depression symptoms or a diagnosis were included. We also checked if there was an age bias by reviewing trials in older people separately and found there is. This project is part of a larger series of studies, also looking into products for anxiety and insomnia.




It can be challenging to classify OTC products - different countries have different regulations, and some products are commonly used in some places but not in others. Two volunteers from the public helped us to narrow our choices, which helped us exclude some very obscure products, such as eels' head powder!

So what did we find? 

We anticipated a lot of studies, but over 200 was more than we expected! We had to recruit an intern to help us to sort through the findings. Studies were not always straightforward - some tested multiple doses or products, some were in addition to antidepressants and in some trials people had a range of physical conditions in addition to depression. We grouped our findings into products with substantive evidence (more than 10 trials), emerging evidence (between two and nine trials), and single trials only.

The products with substantive evidence are those that are well known - omega-3s (39 trials), St John's Wort (38), probiotics (18) and vitamin D (14) - as well as saffron (18), which is important in the Middle East and parts of Asia.

Compared to placebo, fewer omega-3 trials found effects for depression than those that found no effects. However, St John's Wort and saffron more often showed effects compared to placebo, and similar results to prescription antidepressants. Probiotics and vitamin D were more likely to reduce depressive symptoms than placebo.

Out of the 18 products with emerging evidence, folic acid, lavender, zinc, tryptophan, rhodiola, and lemon balm were the most promising. Bitter orange, Persian lavender, and chamomile tea also showed positive effects in two trials each. Some products that are gaining in popularity, such as melatonin, magnesium, and curcumin, showed mixed effects upon depression across multiple clinical trials. Mixed results were also found for cinnamon, echium, vitamin C, and a combination of vitamin D plus calcium. Prebiotics, which support the good bacteria in our gut, and a supplement called SAMe did not seem to be better than placebo. 41 products had only a single trial available. This is helpful as a starting point, but does not give us conclusive evidence.




It's good news that very few safety concerns arose from any of these products, whether they were taken alone or in combination with antidepressants. However, a healthcare professional should always be consulted on whether a product might interact with something else you are taking. A higher standard of safety reporting in trials is essential - only 145 (69%) of the examined studies fully reported any side effects from the products.

What do we recommend for the future?

Whilst 89 trials tested products in combination with antidepressants, few looked at whether taking OTC products whilst having talking therapies has an additional effect. There was also only one study that looked at whether taking an OTC product (folic acid) saved the health service money - it was not more effective than placebo and did not lead to savings - but knowing more about this would be useful in future. Some evidence is also available for often overlooked OTC products.

So, what we have is relatively conclusive evidence for some products. When we looked at surveys of what people commonly take,chamomile, lavender, lemon balm, and echiumemerged as commonly consumed products with an emerging evidence base, which we recommend be studied further. Other commonly used herbal medicines for depressive symptoms are ginseng, gingko, lime flowers, orange blossom, and peppermint, but no studies have evaluated these products. Thus, our study has pioneered an exploration into what research is needed to further assess such widely used health care products.
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Think it's just aging? Why dementia is missed for 3.5 years on average | ScienceDaily
People with dementia are diagnosed an average of 3.5 years after symptoms are first noticed, or even longer (4.1 years) for those with early-onset dementia, finds a new study led by UCL researchers.


						
The study, published in the International Journal of Geriatric Psychiatry, is the first systematic review and meta-analysis of global evidence examining time to diagnosis in dementia.

The researchers reviewed data from 13 previously published studies which took place in Europe, US, Australia and China, reporting data on 30,257 participants.

The research team was investigating the average interval between symptom onset (rated by patients or family carers using interviews or medical records) to the final diagnosis of dementia.

Lead author Dr Vasiliki Orgeta (UCL Division of Psychiatry) said: "Timely diagnosis of dementia remains a major global challenge, shaped by a complex set of factors, and specific healthcare strategies are urgently needed to improve it. Other studies estimate that only 50-65% of cases are ever diagnosed in high-income countries, with many countries having even lower diagnostic rates.

"Timely diagnosis can improve access to treatments and for some people prolong the time living with mild dementia before symptoms worsen."

In a pooled meta-analysis of 10 of the included studies, the researchers found that it typically takes 3.5 years from the first alert of symptoms to a patient receiving a diagnosis of dementia, or 4.1 years for those with early-onset dementia, with some groups more likely to experience longer delays.




They found that younger age at onset and having frontotemporal dementia were both linked to longer time to diagnosis. While data on racial disparities was limited, one of the studies reviewed found that black patients tended to experience a longer delay before diagnosis.

Dr Orgeta said: "Our work highlights the need for a clear conceptual framework on time to diagnosis in dementia, developed in collaboration with people with dementia, their carers, and supporters."

Dr Phuong Leung (UCL Division of Psychiatry) said: "Symptoms of dementia are often mistaken for normal aging, while fear, stigma, and low public awareness can discourage people from seeking help."

Professor Rafael Del-Pino-Casado, of the University of Jaen, Spain, said: "Within healthcare systems, inconsistent referral pathways, limited access to specialists, and under-resourced memory clinics can create further delays. For some, language differences or a lack of culturally appropriate assessment tools can make access to timely diagnosis even harder."

Dr Orgeta added: "To speed up dementia diagnosis, we need action on multiple fronts. Public awareness campaigns can help improve understanding of early symptoms and reduce stigma, encouraging people to seek help sooner. Clinician training is critical to improve early recognition and referral, along with access to early intervention and individualized support so that people with dementia and their families can get the help they need."
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Can AI predict cancer? New model uses genomics to simulate tumors | ScienceDaily
In the same vein as weather forecast models that predict developing storms, researchers now have developed a method to predict the cell activity in tissues over time. The new software combines genomics technologies with computational modeling to predict cell changes in behavior, such as communication between cells that could cause cancer cells to flourish.


						
Researchers at the University of Maryland School of Medicine's (UMSOM) Institute for Genome Sciences (IGS) co-led the study that published online on July 25 in the journal Cell. It is the result of a multi-year, multi-lab project at the interface of software development with important collaborations between bench and clinical team science researchers. This research eventually could lead to computer programs that could help determine the best treatment for cancer patients by essentially creating a "digital twin" of the patient.

"Although standard biomedical research has made immeasurable strides in characterizing cellular ecosystems with genomics technologies, the result is still a single snapshot in time -- rather than showing how diseases, like cancer, can arise from communication between the cells," said Jeanette Johnson, PhD, a Postdoc Fellow at the Institute for Genome Sciences (IGS) at UMSOM and co-first author of this study. "Cancer is controlled or enabled by the immune system, which is highly individualized; this complexity makes it difficult to make predictions from human cancer data to a specific patient."

What makes this research unique is the use of a plain-language "hypothesis grammar" that uses common language as a bridge between biological systems and computational models and simulates how cells act in tissue.

Paul Macklin, PhD, Professor of Intelligence Systems Engineering at Indiana University led a team of researchers who developed the grammar to describe cell behavior. This grammar allows scientists to use simple English language sentences to build digital representations of multicellular biological systems and enabled the team to develop computational models for diseases as complex as cancer.

"As much as this new 'grammar' enables communication between biology and code, it also enables communication between scientists from different disciplines to leverage this modeling paradigm in their research," said Daniel Bergman, PhD, a scientist at IGS and Assistant Professor of Pharmacology and Physiology at UMSOM and co-leading author with Dr. Johnson.

Dr. Bergman and his colleagues at IGS then combined this grammar with genomic data from real patient samples to study breast and pancreatic cancer, with technologies such as spatial transcriptomics.




In breast cancer, the IGS team modeled an effect where the immune system cannot curtail tumor cell growth and instead promotes invasion and cancer spread. They adapted this computational modeling framework to simulate a real-world immunotherapy clinical trial of pancreatic cancer.

Using genomics data from untreated tissue samples of pancreatic cancer, the model predicted that each virtual "patient" had a different response to the immunotherapy treatment -- showcasing the importance of cellular ecosystems for precision oncology. For example, pancreatic cancer is a difficult cancer to treat, in part, because it is often surrounded by a dense structure of non-cancerous cells called fibroblasts. The team used new spatial genomics technology to further demonstrate the ways fibroblasts communicate with tumor cells. The program allowed the scientists to follow the growth and progression of pancreatic tumors to invasion from real patient tissue.

"What makes these models so exciting to me as someone who studies immunology is that they can be informed, initialized, and built upon using both laboratory and human genomics data," said Dr. Johnson. "Immune cells are amazing and follow rules of behavior that can be programmed into one of these models. So, for instance, we can take data and treat it as a snapshot of what the human immune system is doing, and this framework gives us a sandbox to freely investigate our hypotheses of what's happening there over time without extra costs or risk to patients."

"Ever since my transitioning from my training in weather prediction at the University of Maryland, College Park into computation, I have believed that we could apply the same principles to work across biological systems to make predictive models in cancer. I am struck by how many rules of biology we don't yet know," said Elana J. Fertig, PhD, Director of IGS, Associate Director of Quantitative Sciences for the Greenebaum Comprehensive Center, and Professor of Medicine and Epidemiology at UMSOM and a lead author on the study. "Adapting this approach to genomics technologies gives us a virtual cell laboratory in which we can conduct experiments to test the implications of cellular rules entirely in silico."

Dr. Fertig calls the research "a tapestry of team science" with additional validation of the computational models coming from clinical collaborators at Johns Hopkins University and Oregon Health Sciences University. The National Foundation for Cancer Research funded the project.

The new grammar is open source so that all scientists can benefit from it. "By making this tool accessible to the scientific community, we are providing a path forward to standardize such models and make them generally accepted," said Dr. Bergman. To demonstrate this generalizability, Genevieve Stein-O'Brien, PhD, the Terkowitz Family Rising Professor of Neuroscience and Neurology at Johns Hopkins School of Medicine (JHSOM) led researchers in using this approach in a neuroscience example in which the program simulated the creation of layers as the brain develops.

"With this work from IGS, we have a new framework for biological research since researchers can now create computerized simulations of their bench experiments and clinical trials and even start predicting the effects of therapies on patients," said Mark T. Gladwin, MD, Vice President for Medical Affairs at the University of Maryland, Baltimore, and the John Z. and Akiko K. Bowers Distinguished Professor and UMSOM Dean. "This has important applications to enable digital twins and virtual clinical trials in cancer and beyond. We look forward to future work extending this computational modeling of cancer to the clinic."

The team of senior authors on this study include, Paul Macklin, PhD, Associate Dean for Undergraduate Education and Professor of Intelligent Systems Engineering at the Indiana School of Informatics, Computing and Engineering at Indiana University, Genevieve Stein-O'Brien, Bloomberg Assistant Professor of Neuroscience and Assistant Director Single-Cell Training and Analysis Center (STAC) at Johns Hopkins University, and Dr. Fertig are continuing efforts to disseminate this software and extend its integration with genomics data for automatic model formulation through the National Cancer Institute (NCI) Informatics Technology in Cancer Research Consortium, who funded this study. Additional benchmarking of this study and applications of the software to breast and pancreatic cancer are supported from numerous NCI grants, the Jayne Koskinas Ted Giovanis Foundation, the National Foundation for Cancer Research, the Cigarette Restitution Fund Program from the State of Maryland, and the Lustgarten Foundation.
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COVID vaccines saved 2. 5M lives globally-a death averted per 5,400 shots | ScienceDaily
Thanks to vaccinations against SARS-CoV-2 in the period 2020-2024 2.533 million deaths were prevented at global level, one death was avoided for every 5,400 doses of vaccine administered. The 82% of the lives saved by vaccines involved people vaccinated before encountering the virus, 57% during the Omicron period, and 90% involved people aged 60 years and older. In all, vaccines have saved 14.8 million years of life (one year of life saved for 900 doses of vaccine administered).


						
These are some of the data released in an unprecedented study published in the journal Jama Health Forum and coordinated by Prof. Stefania Boccia, Stefania Boccia, Professor of General and Applied Hygiene at Universita Cattolica, with contributions from Dr. Angelo Maria Pezzullo, Researcher in General and Applied Hygiene, and Dr. Antonio Cristiano, a medical resident in Hygiene and Preventive Medicine. The two researchers spent a period at Stanford University, collaborating directly with the group of Professor John P.A. Ioannidis, director of the Meta-Research Innovation Center (METRICS), in the context of the project "European network staff eXchange for integrAting precision health in the health Care sysTems- ExACT" funded by the European Research Excellence Programme RISE project-Marie Slodowska Curie and coordinated by Professor Stefania Boccia.

Professor Boccia and Dr. Pezzullo explain: "Before ours, several studies tried to estimate lives saved by vaccines with different models and in different periods or parts of the world, but this one is the most comprehensive because it is based on worldwide data, it also covers the Omicron period, it also calculates the number of years of life that was saved, and it is based on fewer assumptions about the pandemic trend."

The Study

The experts studied worldwide population data, applying a series of statistical methods to figure out who among the people who became ill with COVID did either before or after getting vaccinated, before or after Omicron period, and how many of them died (and at what age). "We compared this data with the estimated data modeled in the absence of COVID vaccination and were then able to calculate the numbers of people who were saved by COVID vaccines and the years of life gained as a result of them," Dr Pezzullo explains.

It also turned out that most of the saved years of life (76%) involved people over 60 years of age, but residents in long-term care facilities contributed only with 2% of the total number. Children and adolescents (0.01% of lives saved and 0.1% of life years saved) and young adults aged 20-29 (0.07% of lives saved and 0.3% of life years saved) contributed very little to the total benefit.

Professor Boccia concludes: "These estimates are substantially more conservative than previous calculations that focused mainly on the first year of vaccination, but clearly demonstrate an important overall benefit from COVID-19 vaccination over the period 2020-2024. Most of the benefits, in terms of lives and life-years saved, have been secured for a portion of the global population who is typically more fragile, the elderly."
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Scientists discover the receptor that helps your brain clean itself-and fight Alzheimer's | ScienceDaily
UCSF scientists have discovered how microglia engulf and break down amyloid beta, a protein that builds up in Alzheimer's, with devastating consequences for the brain.


						
In Alzheimer's disease, proteins like amyloid beta form clumps, known as plaques, that damage the brain.

But in some people, immune cells called microglia break down these proteins before they can cause harm. This leads to fewer and smaller clumps -- and much milder symptoms.

Researchers at UC San Francisco identified a molecular receptor that enables microglia to gobble up and digest amyloid beta plaques.

Without the receptor, ADGRG1, the microglia barely nibbled on the toxic protein. Using a mouse model of Alzheimer's disease, the researchers observed how the loss of ADGRG1 led to the rapid buildup of amyloid plaques, neurodegeneration, and problems with learning and memory.

"We think this receptor helps microglia do their job of keeping the brain healthy over many years," said Xianhua Piao, MD, PhD, a physician-scientist in the UCSF Department of Pediatrics.

Indeed, when the researchers reanalyzed a prior study of gene expression in the human brain, they found that individuals who died of mild Alzheimer's had microglia with abundant ADGRG1, and mild cognitive impairment -- implying that the microglia ate well and kept the disease in check. But in those who died of severe Alzheimer's, the microglia had very little ADGRG1, and the plaques proliferated.




ADGRG1 is one of hundreds of G protein-coupled receptors, which are routinely targeted in drug development. This bodes well for a rapid translation of the discovery into new therapies.

"Some people are lucky to have responsible microglia," Piao said. "But this discovery creates an opportunity to develop drugs to make microglia effective against amyloid-beta in everyone."

Authors: Other UCSF authors are Beika Zhu, PhD, Andi Wangzhou, PhD, Diankun Yu, PhD, Tao Li, PhD, Rachael Schmidt, Stacy L. De Florencio, Lauren Chao, RN, Alicia L. Thurber, Minqi Zhou, Zeina Msheik, PhD, Yonatan Perez, PhD, Lea T. Grinberg, MD, PhD, Salvatore Spina, MD, PhD, Richard M. Ransohoff, MD, Arnold R. Kriegstein, MD, PhD, William W. Seeley, MD, and Tomasz Nowakowski, PhD.

Funding: This work was funded in part by the National Institutes of Health (P01AG019724, P50AG023501, R01NS094164, R01NS108446, K99AG081694), the Consortium for Frontotemporal Dementia Research, the Tau Consortium, the Alzheimer's Association (23AARG-NTF-1030341), the Cure Alzheimer's Fund, and the BrightFocus foundation postdoctoral fellowship (A2021020F).
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Scientists just invented a safer non-stick coating-and it's inspired by arrows | ScienceDaily
A new material developed by researchers from University of Toronto Engineering could offer a safer alternative to the non-stick chemicals commonly used in cookware and other applications.


						
The new substance repels both water and grease about as well as standard non-stick coatings -- but it contains much lower amounts of per- and polyfluoroalkyl substances (PFAS), a family of chemicals that have raised environmental and health concerns.

"The research community has been trying to develop safer alternatives to PFAS for a long time," says Professor Kevin Golovin, who heads the Durable Repellent Engineered Advanced Materials (DREAM) Laboratory at U of T Engineering.

"The challenge is that while it's easy to create a substance that will repel water, it's hard to make one that will also repel oil and grease to the same degree. Scientists had hit an upper limit to the performance of these alternative materials."

Since its invention in the late 1930s, Teflon -- also known as polytetrafluoroethylene or PTFE -- has become famous for its ability to repel water, oil and grease alike. Teflon is part of a larger family of substances known as per- and polyfluoroalkyl substances (PFAS).

PFAS molecules are made of chains of carbon atoms, each of which is bonded to several fluorine atoms. The inertness of carbon-fluorine bonds is responsible for the non-stick properties of PFAS.

However, this chemical inertness also causes PFAS to resist the normal processes that would break down other organic molecules over time. For this reason, they are sometimes called 'forever chemicals.'




In addition to their persistence, PFAS are known to accumulate in biological tissues, and their concentrations can become amplified as they travel up the food chain.

Various studies have linked exposure to high levels of PFAS to certain types of cancer, birth defects and other health problems, with the longer chain PFAS generally considered more harmful than the shorter ones.

Despite the risks, the lack of alternatives means that PFAS remain ubiquitous in consumer products: they are widely used not only in cookware, but also in rain-resistant fabrics, food packaging and even in makeup.

"The material we've been working with as an alternative to PFAS is called polydimethylsiloxane or PDMS," says Golovin.

"PDMS is often sold under the name silicone, and depending on how it's formulated, it can be very biocompatible -- in fact it's often used in devices that are meant to be implanted into the body. But until now, we couldn't get PDMS to perform quite as well as PFAS."

To overcome this problem, PhD student Samuel Au developed a new chemistry technique that the team is calling nanoscale fletching. The technique is described in a paper published in Nature Communications.




"Unlike typical silicone, we bond short chains of PDMS to a base material -- you can think of them like bristles on a brush," says Au.

"To improve their ability to repel oil, we have now added in the shortest possible PFAS molecule, consisting of a single carbon with three fluorines on it. We were able to bond about seven of those to the end of each PDMS bristle.

"If you were able to shrink down to the nanometer scale, it would look a bit like the feathers that you see around the back end of an arrow, where it notches to the bow. That's called fletching, so this is nanoscale fletching."

Au and the team coated their new material on a piece of fabric, then placed drops of various oils on it to see how well it could repel them. On a scale developed by the American Association of Textile Chemists and Colorists, the new coating achieved a grade of 6, placing it on par with many standard PFAS-based coatings.

"While we did use a PFAS molecule in this process, it is the shortest possible one and therefore does not bioaccumulate," says Golovin.

"What we've seen in the literature, and even in the regulations, is that it's the longest-chain PFAS that are getting banned first, with the shorter ones considered much less harmful. Our hybrid material provides the same performance as what had been achieved with long-chain PFAS, but with greatly reduced risk."

Golovin says that the team is open to collaborating with manufacturers of non-stick coatings who might wish to scale up and commercialize the process. In the meantime, they will continue working on even more alternatives.

"The holy grail of this field would be a substance that outperforms Teflon, but with no PFAS at all," says Golovin.

"We're not quite there yet, but this is an important step in the right direction."
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Is the air you breathe silently fueling dementia? A 29-million-person study says yes | ScienceDaily
An analysis of studies incorporating data from almost 30 million people has highlighted the role that air pollution - including that coming from car exhaust emissions - plays in increased risk of dementia.


						
Dementias such as Alzheimer's disease are estimated to affect more than 57.4 million people worldwide, a number that is expected to almost triple to 152.8 million cases by 2050. The impacts on the individuals, families and caregivers and society at large are immense.

While there are some indications that the prevalence of dementia is decreasing in Europe and North America, suggesting that it may be possible to reduce the risk of the disease at a population level, elsewhere the picture is less promising.

Air pollution has recently been identified as a risk factor for dementia, with several studies pointing the finger at a number of pollutants. However, the strength of evidence and ability to determine a causal effect has been varied.

In a paper published on July 24 in The Lancet Planetary Health, a team led by researchers at the Medical Research Council (MRC) Epidemiology Unit, University of Cambridge, carried out a systematic review and meta-analysis of existing scientific literature to examine this link further. This approach allowed them to bring together studies that on their own may not provide sufficient evidence, and which sometimes disagree with each other, to provide more robust overarching conclusions.

In total, the researchers included 51 studies, including data from more than 29 million participants, mostly from high-income countries. Of these, 34 papers were included in the meta-analysis: 15 originated in North America, 10 in Europe, seven in Asia, and two in Australia.

The researchers found a positive and statistically-significant association between three types of air pollutant and dementia. These were:
    	Particulate matter with a diameter of 2.5 microns or less (PM2.5), a pollutant made up of tiny particles small enough that they can be inhaled deep into the lungs. These particles come from several sources, including vehicle emissions, power plants, industrial processes, wood burning stoves and fireplaces, and construction dust. They also form in the atmosphere because of complex chemical reactions involving other pollutants such as sulphur dioxide and nitrogen oxides. The particles can stay in the air for a long time and travel a long way from where they were produced.

    	Nitrogen dioxide (NO2), one of the key pollutants that arise from burning fossil fuels. It is found in vehicle exhaust, especially diesel exhaust, and industrial emissions, as well as those from gas stoves and heaters. Exposure to high concentrations of nitrogen dioxide can irritate the respiratory system, worsening and inducing conditions like asthma and reducing lung function.
    	Soot, from sources such as vehicle exhaust emissions and burning wood. It can trap heat and affect the climate. When inhaled, it can penetrate deep into the lungs, aggravating respiratory diseases and increasing the risk of heart problems.

According to the researchers, for every 10 micrograms per cubic meter (mg/m3) of PM2.5, an individual's relative risk of dementia would increase by 17%. The average roadside measurement for PM2.5 in Central London in 2023 was 10 mg/m3.




For every 10 mg/m3 of NO2, the relative risk increased by 3%. The average roadside measurement for NO2 in Central London in 2023 was 33 mg/m3.

For each 1 mg/m3 of soot as found in PM2.5, the relative risk increased by 13%. Across the UK, annual mean soot concentrations measured at select roadside locations in 2023 were 0.93 mg/m3 in London, 1.51 mg/m3 in Birmingham and 0.65 mg/m3 Glasgow.

Senior author Dr Haneen Khreis from the MRC Epidemiology Unit said: "Epidemiological evidence plays a crucial role in allowing us to determine whether or not air pollution increases the risk of dementia and by how much. Our work provides further evidence to support the observation that long-term exposure to outdoor air pollution is a risk factor for the onset of dementia in previously healthy adults.

"Tackling air pollution can deliver long-term health, social, climate, and economic benefits. It can reduce the immense burden on patients, families, and caregivers, while easing pressure on overstretched healthcare systems."

Several mechanisms have been proposed to explain how air pollution may cause dementia, primarily involving inflammation in the brain and oxidative stress (a chemical process in the body that can cause damage to cells, proteins, and DNA). Both oxidative stress and inflammation play a well-established role in the onset and progression of dementia. Air pollution is thought to trigger these processes through direct entry to the brain or via the same mechanisms underlying lung and cardiovascular diseases. Air pollution can also enter circulation from the lungs and travel to solid organs, initiating local and wide-spread inflammation.

The researchers point out that the majority of people included in the published studies were white and living in high-income countries, even though marginalised groups tend to have a higher exposure to air pollution. Given that studies have suggested that reducing air pollution exposure appears to be more beneficial at reducing the risk of early death for marginalised groups, they call for future work to urgently ensure better and more adequate representation across ethnicities and low- and middle-income countries and communities.




Joint first author Clare Rogowski, also from the MRC Epidemiology Unit, said: "Efforts to reduce exposure to these key pollutants are likely to help reduce the burden of dementia on society. Stricter limits for several pollutants are likely to be necessary targeting major contributors such as the transport and industry sectors. Given the extent of air pollution, there is an urgent need for regional, national, and international policy interventions to combat air pollution equitably."

Further analysis revealed that while exposure to these pollutants increased the risk of Alzheimer's disease, the effect seemed stronger for vascular dementia, a type of dementia caused by reduced blood flow to the brain. Around 180,000 people in the UK are thought to be affected by this type of dementia. However, as there were only a small number of studies that examined this difference, the researchers did not class it as statistically significant.

Joint first author Dr Christiaan Bredell from the University of Cambridge and North West Anglia NHS Foundation Trust said: "These findings underscore the need for an interdisciplinary approach to dementia prevention. Preventing dementia is not just the responsibility of healthcare: this study strengthens the case that urban planning, transport policy, and environmental regulation all have a significant role to play."

The research was funded by the European Research Council under the Horizon 2020 research and innovation program and from the European Union's Horizon Europe Framework Programme.
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7000 steps a day cuts death risk by 47%-and that might be all you need | ScienceDaily
A major new study led by the University of Sydney suggests that walking 7000 steps a day offers similar health benefits across several outcomes as walking 10,000.


						il 7000 steps, at which point the benefits began to taper off
A major new study led by the University of Sydney suggests that walking 7000 steps a day offers similar health benefits across several outcomes as walking 10,000.

Led by Professor Melody Ding from the School of Public Health, the study was published in The Lancet Public Healthand analysed data from 57 studies from 2014 to 2025 that were conducted in more than ten countries including Australia, USA, UK and Japan.

The largest and most comprehensive review to date, the researchers examined the impact that different daily step counts have on the chance of dying from cardiovascular disease and cancer, and developing diseases such as cancer, type 2 diabetes, dementia and depression. Professor Melody Ding says the findings offer a more achievable benchmark for people who struggle to meet traditional exercise guidelines.

"Aiming for 7000 steps is a realistic goal based on our findings, which assessed health outcomes in a range of areas that hadn't been looked at before," said Professor Ding.

"However, for those who cannot yet achieve 7000 steps a day, even small increases in step counts, such as increasing from 2000 to 4000 steps a day, are associated with significant health gain.

"We know daily step count is linked to living longer, but we now also have evidence that walking at least 7000 steps a day can significantly improve eight major health outcomes -- including reducing risk of cardiovascular disease, dementia and depressive symptoms."

Health benefits at different step counts




The researchers looked at studies in which participants wore step counting devices, such as pedometers, accelerometers and fitness trackers, to track their daily step counts. Starting at 2000 steps, experts compared the health outcomes of people walking more steps a day at 1000 step increments to see whether there was any difference in the risk of early death or other major diseases.

When compared with 2000 steps a day, researchers found that:
    	Walking 7000 steps a day reduced the risk of death by 47 percent, which was almost identical to the benefit seen at walking 10,000 steps per day.
    	Dementia risk dropped by 38 percent from walking 7000 steps a day, with only a 7 percent extra reduction at 10,000 steps.
    	Risk of type 2 diabetes fell by 22 percent from walking 10,000 steps a day and reduced to 27 percent at 12,000 steps.
    	Significant health improvements were seen when people increased their average daily steps from 2000 to between 5000 and 7000 steps.

"For people who are already active, 10,000 steps a day is great," said Dr Katherine Owen, co-author and chief analyst of the study from the School of Public Health. "But beyond 7000 steps, the extra benefits for most of the health outcomes we looked at were modest."

The researchers are working with the Australian government to use the evidence from this study to inform future updates to physical activity guidelines.

"Our research helps to shift the focus from perfection to progress. Even small increases in daily movement can lead to meaningful health improvements," said Professor Ding.

Experts are calling for future studies to explore how step goals should vary based on age, health status and region, and to include diverse populations and longer-term data to strengthen the evidence. Professor Ding says this kind of detail is rare and will be useful for health practitioners when tailoring advice for patients.
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AI turns immune cells into precision cancer killers-in just weeks | ScienceDaily
Precision cancer treatment on a larger scale is moving closer after researchers have developed an AI platform that can tailor protein components and arm the patient's immune cells to fight cancer. The new method, published in the scientific journal Science, demonstrates for the first time, that it is possible to design proteins in the computer for redirecting immune cells to target cancer cells through pMHC molecules.


						
This dramatically shortens the process of finding effective molecules for cancer treatment from years to a few weeks.

"We are essentially creating a new set of eyes for the immune system. Current methods for individual cancer treatment are based on finding so-called T-cell receptors in the immune system of a patient or donor that can be used for treatment. This is a very time-consuming and challenging process. Our platform designs molecular keys to target cancer cells using the AI platform, and it does so at incredible speed, so that a new lead molecule can be ready within 4-6 weeks," says Associate Professor at the Technical University of Denmark (DTU) and last author of the study Timothy P. Jenkins.

Targeted missiles against cancer

The AI platform, developed by a team from DTU and the American Scripps Research Institute, aims to solve a major challenge in cancer immunotherapy by demonstrating how scientists can generate target treatments for tumor cells and avoid damaging healthy tissue.

Normally, T cells naturally identify cancer cells by recognizing specific protein fragments, known as peptides, presented on the cell surface by molecules called pMHCs.It is a slow and challenging process to utilize this knowledge for therapy, often because the variation in the body's own T-cell receptors makes it challenging to create a personalized treatment.

Boosting the body's immune system

In the study, the researchers tested the strength of the AI platform on a well-known cancer target, NY-ESO-1, which is found in a wide range of cancers. The team succeeded in designing a minibinder that bound tightly to the NY-ESO-1 pMHC molecules. When the designed protein was inserted into T cells, it created a unique new cell product named 'IMPAC-T' cells by the researchers, which effectively guided the T cells to kill cancer cells in laboratory experiments.




"It was incredibly exciting to take these minibinders, which were created entirely on a computer, and see them work so effectively in the laboratory," says postdoc Kristoffer Haurum Johansen, co-author of the study and researcher at DTU.

The researchers also applied the pipeline to design binders for a cancer target identified in a metastatic melanoma patient, successfully generating binders for this target as well. This documented that the method also can be used for tailored immunotherapy against novel cancer targets.

Screening of treatments

A crucial step in the researchers' innovation was the development of a 'virtual safety check'. The team used AI to screen their designed minibinders and assess them in relation to pMHC molecules found on healthy cells. This method enabled them to filter out minibinders that could cause dangerous side effects before any experiments were carried out.

"Precision in cancer treatment is crucial. By predicting and ruling out cross-reactions already in the design phase, we were able to reduce the risk associated with the designed proteins and increase the likelihood of designing a safe and effective therapy," says DTU professor and co-author of the study Sine Reker Hadrup.

Five years to treatment

Timothy Patrick Jenkins expects that it will take up to five years before the new method is ready for initial clinical trials in humans. Once the method is ready, the treatment process will resemble current cancer treatments using genetically modified T cells, known as CAR-T cells, which are currently used to treat lymphoma and leukemia.Patients will first have blood drawn at the hospital, similar to a routine blood test. Their immune cells will then be extracted from this blood sample and modified in the laboratory to carry the AI-designed minibinders. These enhanced immune cells are returned to the patient, where they act like targeted missiles, precisely finding and eliminating cancer cells in the body.
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Ivermectin: The mosquito-killing pill that dropped malaria by 26% | ScienceDaily
Ivermectin administered to the whole population significantly reduces malaria transmission, offering new hope in the fight against the disease. The BOHEMIA trial, the largest study on ivermectin for malaria to date, showed a 26% reduction in new malaria infection on top of existing bed nets, providing strong evidence of ivermectin's potential as a complementary tool in malaria control. The results of this project, coordinated by the Barcelona Institute for Global Health (ISGlobal) -an institution supported by the "la Caixa" Foundation- in collaboration with the Manhica Health Research Centre (CISM) and the KEMRI-Wellcome Trust Research Programme, have been published in The New England Journal of Medicine. 


						
Malaria remains a global health challenge, with 263 million cases and 597,000 deaths reported in 2023. Current vector control methods, such as long-lasting insecticidal nets (LLINs) and indoor residual spraying (IRS), have become less effective due to insecticide resistance and behavioral adaptations in mosquitoes to bite outdoors and during dusk or dawn, when people are not protected by these measures. This underscores the urgent need for innovative solutions to combat malaria.

Ivermectin for malaria: A novel strategy

Ivermectin, a drug traditionally used to treat neglected tropical diseases like onchocerciasis, which causes river blindness, and lymphatic filariasis, which causes elephantiasis, has been shown to reduce malaria transmission by killing the mosquitoes that feed on treated individuals. Given the rising resistance to conventional insecticides, ivermectin could offer an effective new approach totackle malaria transmission, especially in regions where traditional methods have become less effective.

The Unitaid-funded BOHEMIA project(Broad One Health Endectocide-based Malaria Intervention in Africa) conducted two Mass Drug Administration (MDA) trials in the high-burden malaria regions: Kwale County (Kenya) and Mopeia district (Mozambique). The trials assessed the safety and efficacy of a single monthly dose of ivermectin (400 mcg/kg) given for three consecutive months at the start of the rainy season in reducing malaria transmission. In Kenya, the intervention targeted children aged 5-15, while in Mozambique it focused on children under five.

Malaria reduction in Kenya

In Kwale County, Kenya, children who received ivermectin experienced a 26% reduction in malaria infection incidence compared to those who received albendazole, the control drug used in the study. The trial involved over 20,000 participants and more than 56,000 treatments, demonstrating that ivermectin significantly reduced malaria infection rates -- particularly among children living further from cluster borders or in areas where drug distribution was more efficient. Moreover, the safety profile of ivermectin was favorable, with no severe drug-related adverse events and only mild, transient side effects already seen with ivermectin in campaigns against neglected tropical diseases.




"We are thrilled with these results," says Carlos Chaccour, co-principal investigator of the BOHEMIA project and ISGlobal researcher at the time of the study. "Ivermectin has shown great promise in reducing malaria transmission and could complement existing control measures. With continued research, ivermectin MDA could become an effective tool for malaria control and even contribute to elimination efforts," Chaccour, who is now a researcher at the Navarra Centre for International Development at the University of Navarra, adds.

"These results align with the World Health Organization's (WHO) criteria for new vector control tools," states Joseph Mwangangi, from the KEMRI-Wellcome Trust Research Programme. "The findings suggest that ivermectin MDA could be a valuable complementary strategy for malaria control, particularly in areas where mosquito resistance to insecticides is a growing concern," adds Marta Maia, BOHEMIA's lead entomologist from the University of Oxford.

Lessons from the Mozambique trial

In contrast, the implementation of the Mozambique trial in the rural district of Mopeia faced severe disruptions due to Cyclone Gombe (2022) and a subsequent cholera outbreak, which significantly disrupted operations. "One of the most important lessons we learned from the trial in Mopeia is that strong community engagement is essential," states Francisco Saute, director of the Manhica Health Research Centre (CISM). "Building trust with local communities and fostering close collaboration with the Health Ministry, National Malaria Control Program, and local authorities was key to ensuring acceptance of the ivermectin MDA."

Expanding the Impact Beyond Malaria

In addition to reducing malaria transmission, ivermectin MDA offers significant collateral benefits. The BOHEMIA team found an important reduction in the prevalence of skin infestations such as scabies and head lice in the ivermectin group in Mozambique, and the community reported a major reduction in bed bugs in Kenya. These effects are particularly valuable when ivermectin is integrated into existing delivery systems, maximizing its impact on public health.

Shaping the future of malaria prevention

The study is part of a larger global effort to assess ivermectin's potential in malaria control. The findings have been reviewed by the WHO vector control advisory group, which concluded that the study had demonstrated impact and recommended further studies. Findings were also shared with national health authorities as they evaluate the potential inclusion of ivermectin in malaria control programs.

"This research has the potential to shape the future of malaria prevention, particularly in endemic areas where existing tools are failing," concludes Regina Rabinovich, BOHEMIA PI and Director of ISGlobal's Malaria Elimination Initiative. "With its novel mechanism of action and proven safety profile, ivermectin could offer a new approach using a well-known, safe drug that can add to the effect of other mosquito control tools available today."
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Millipedes make ants dizzy - and might soon treat human pain | ScienceDaily
Millipedes get a bad rap -- their many legs put people off and could classify them as "creepy crawly." But these anthropods' secretions could hold the key to new drug discovery for the treatment of neurological diseases and pain.


						
Chemist Emily Mevers and her team recently discovered a new set of complex structures in millipede secretions that can modulate specific neuroreceptors in ant brains.

The newly discovered structures fall into a class of naturally occurring compounds called alkaloids. The Mevers team named them the andrognathanols and the andrognathines after the producing millipede, Andrognathus corticarius, found on Virginia Tech's Blacksburg campus in Stadium Woods. These discoveries were recently published in the Journal of the American Chemical Society.

A new compound discovery

Mevers specializes in leveraging the chemistry of underexplored ecological niches, in this case the millipede, in the name of drug discovery.

After collecting millipedes from under leaf litter and fallen branches in Stadium Woods, Mevers and team members used a variety of analytical tools to identify the compounds contained in the millipedes' defensive glands. They also learned that the millipedes release these compounds to ward off predators while also sharing their location with their kin.

Broader implications

Despite their pervasiveness, much about millipedes remains mysterious -- including their specific habitats, numbers, diets, behaviors, and chemistry. Mevers, in collaboration with millipede expert Paul Marek in the entomology department, is working to fill in some of these gaps and see if what they uncover could be useful for future medications.




Previously, Mevers and Marek examined a millipede native to the Pacific Northwest, Ishcnocybe plicata, and discovered that related alkaloids potently and selectively interact with a single neuroreceptor called Sigma-1. The interaction suggested that this family of compounds may have useful pharmacology potential for the treatment of pain and other neurological disorders.

The Mevers group discovered that the new alkaloids are actively secreted from the Hokie millipede when it is physically disturbed. The secretions cause disorientation in ants, a presumed natural predator. A subset of these compounds possesses similar interactions with the Sigma-1 neuroreceptor.

Moving toward drug development

With the newfound complex compounds in hand, the next step is finding people to actually make them in larger quantities and evaluate their biomedical applications.

"These compounds are quite complex, so they're going to take some time to synthesize in the lab," said Mevers.

Once larger quantities are available, Mevers will be able to better study their properties and potential in drug development.
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The plant virus that trains your immune system to kill cancer | ScienceDaily
A virus that typically infects black-eyed peas is showing great promise as a low-cost, potent cancer immunotherapy -- and researchers are uncovering why.


						
In a study published in Cell Biomaterials, a team led by chemical and nano engineers at the University of California San Diego took a closer look at how the cowpea mosaic virus (CPMV), unlike other plant viruses, is uniquely effective at activating the body's immune system to recognize and attack cancer cells.

In preclinical studies, CPMV has demonstrated potent anti-tumor effects in multiple mouse models, as well as in canine cancer patients. When injected directly into tumors, CPMV therapy recruits innate immune cells -- such as neutrophils, macrophages and natural killer cells -- into the tumor microenvironment to destroy cancer cells. Meanwhile, it activates B cells and T cells to establish systemic, long-lasting anti-tumor memory. This immune reawakening not only helps clear the targeted tumor but also primes the immune system to hunt down metastatic tumors elsewhere in the body.

"It is fascinating that CPMV but not other plant viruses stimulates an anti-tumor response," said Nicole Steinmetz, the Leo and Trude Szilard Chancellor's Endowed Chair in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at the UC San Diego Jacobs School of Engineering and the study's corresponding author.

"This work gives us insight into how CPMV works so well," said study first author Anthony Omole, a chemical and nano engineering Ph.D. student in Steinmetz's lab. "What we found most exciting is that although human immune cells are not infected by CPMV, they respond to it and are reprogrammed towards an activated state, which ultimately trains them to detect and eradicate cancerous cells."

A key question in translating CPMV to human cancer patients has been: what makes this plant virus so effective at fighting cancer?

To investigate, Omole, Steinmetz and colleagues at the National Cancer Institute's   Nanotechnology Characterization Laboratory performed a side-by-side comparison of CPMV with the cowpea chlorotic mottle virus (CCMV), a closely related plant virus that does not exhibit anti-tumor effects when administered intratumorally. Both viruses form similarly sized nanoparticles and are taken up by human immune cells at similar rates. Yet, once inside, the viruses produce different outcomes.




CPMV, the team found, stimulates type I, II and III interferons -- proteins with well-known anti-cancer properties. "This is particularly interesting because some of the earliest cancer immunotherapy drugs were recombinant interferons," noted Omole. Meanwhile, CCMV stimulates a set of pro-inflammatory interleukins that do not translate to effective tumor clearance. Another difference lies in how these viruses' RNAs are processed within mammalian cells. CPMV RNAs persist longer and get delivered to the endolysosome, where they activate toll-like receptor 7 (TLR7), a critical component in priming antiviral -- and more importantly -- anti-tumor immune responses. CCMV RNAs, on the other hand, fail to reach this activation point.

CPMV also offers a unique advantage as a cost-effective immunotherapy. Unlike many other therapies that require complex and costly manufacturing, CPMV can be produced using molecular farming. "It can be grown in plants using sunlight, soil and water," Omole said.

The team is working toward advancing CPMV to clinical trials.

"The present study provides important insights into the mechanism of action of CPMV. We are diligently working toward the next steps to ensure that the most potent lead candidate is selected to achieve anti-tumor efficacy and safety," Steinmetz said. "This is the time and we are poised to move this work beyond the bench and toward clinical trials."

This work was supported in part by the National Institutes of Health (NIH grants R01 CA224605, R01 CA253615 and R01 CA274640); the American Cancer Society, F.M. Kirby Foundation Inc., Mission Boost Grant (MBGI-23-1030244-01-MBG); the Shaughnessy Family Fund for Nano-ImmunoEngineering (nanoIE) at UC San Diego; San Diego Fellowship Fund; the Alfred P. Sloan Foundation's Minority PhD (MPhD) Program (G-2020-14067); and the Frederick National Laboratory for Cancer Research funded by the National Cancer Institute, part of the NIH (under contract 75N91010D00024).
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This bedtime snack swap could rewire your gut and help prevent diabetes | ScienceDaily
Prediabetes affects a third of people in the United States and most of them will develop Type 2 diabetes, yet effective dietary intervention strategies remain limited. Pistachios have shown promise in improving markers of diet quality, yet little is known about how they influence the gut microbiome -- a key player in glucose regulation and inflammation.


						
A new study led by Kristina Petersen, associate professor of nutritional sciences at Penn State, determined that nighttime pistachio consumption affects gut bacteria in adults with prediabetes. Though the potential therapeutic implications of the findings remain unclear, according to Petersen, they may prove significant for people who are working to improve their metabolic health.

The findings, published in the journal Current Developments in Nutrition, suggested that replacing a traditional carbohydrate-based bedtime snack with pistachios may reshape the gut microbiome. A previous study by these researchers demonstrated that pistachios have a similar effect on blood glucose as 15 to 30 grams of carbohydrates.

"A common dietary recommendation for individuals with prediabetes is to consume a nighttime snack consisting of 15 to 30 grams of carbohydrates to help regulate overnight and morning blood glucose levels," said Terrence Riley, lead author of this research who earned his doctorate in nutritional sciences at Penn State and currently works as a postdoctoral research fellow at Louisiana State University. "As an example, you could eat one or two slices of whole grain bread."

Researchers observed that consuming about two ounces of pistachios each night for 12 weeks resulted in significantly different stool microbial community profiles compared to those who consumed the recommended 15 to 30 grams of a carbohydrate snack. Specific bacterial groups, including Roseburia and members of the Lachnospiraceae family -- known as "good" bacteria that produces beneficial short-chain fatty acids like butyrate -- were more abundant following the pistachio condition.

According to Petersen, butyrate serves as a primary energy source for colon cells, helps maintain the gut barrier and supports anti-inflammatory processes.

"Pistachios seem to be able to meaningfully shift the gut microbial landscape in adults with prediabetes especially when consumed as a nighttime snack," Petersen said. "These microbiome changes may offer other long-term health benefits -- potentially helping to slow the development of Type 2 diabetes or to reduce systemic inflammation -- which we hope to explore in future research."

The study involved 51 adults with prediabetes and was conducted over two 12-week periods separated by a break, so the effects of the first part of the trial would not affect the second part. By the end of the study, all participants received both treatments. Stool samples were collected and analyzed using 16S rRNA gene sequencing, a technique that can help classify bacteria based on their genetic makeup.




Petersen noted that participants who ate pistachios also experienced reductions in several bacterial groups that have been linked to less favorable metabolic outcomes.

"Levels of Blautia hydrogenotrophica -- a bacterium that helps produce compounds that can build up in the blood and harm kidney and heart health -- were lower after pistachio consumption," Petersen said. "Levels of Eubacterium flavonifractor, which breaks down beneficial antioxidant compounds from foods like pistachios, also decreased."

Petersen added that the strength of this study is the design used -- a randomized crossover clinical trial, in which all participants receive both treatments in a randomized order. By including all participants in the pistachio group and the standard care group, the study helped the researchers better understand how specific foods like pistachios can influence the gut microbiome.

While the study demonstrated shifts in gut bacteria, it remains unclear whether these changes directly translate to improvements in health -- a question that requires further research, Petersen said.

Jordan Bisanz, assistant professor of biochemistry and molecular biology at Penn State; Penny Kris-Etherton, retired professor of nutritional sciences at Penn State; Justin Wright of Wright Labs, LLC; and Regina Lamendella, Jeremy Chen See and Khushi Kanani of Juniata College all contributed to this research.

The study was funded by the American Pistachio Growers, Penn State's Clinical and Translational Science Institute through the National Center for Advancing Translational Sciences of the National Institutes of Health, and additional support from Juniata College and the U.S. National Science Foundation. It is registered at ClinicalTrials.gov (NCT04056208).

At Penn State, researchers are solving real problems that impact the health, safety and quality of life of people across the commonwealth, the nation and around the world.

For decades, federal support for research has fueled innovation that makes our country safer, our industries more competitive and our economy stronger. Recent federal funding cuts threaten this progress.
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Four hidden types of autism revealed - and each tells a different genetic story | ScienceDaily
Researchers at Princeton University and the Simons Foundation have identified four clinically and biologically distinct subtypes of autism, marking a transformative step in understanding the condition's genetic underpinnings and potential for personalized care.


						
Analyzing data from over 5,000 children in SPARK, an autism cohort study funded by the Simons Foundation, the researchers used a computational model to group individuals based on their combinations of traits. The team used a "person-centered" approach that considered a broad range of over 230 traits in each individual, from social interactions to repetitive behaviors to developmental milestones, rather than searching for genetic links to single traits.

This approach enabled the discovery of clinically relevant autism subtypes, which the researchers linked to distinct genetic profiles and developmental trajectories, offering new insights into the biology underlying autism. Their results were published July 9 in Nature Genetics.

"Understanding the genetics of autism is essential for revealing the biological mechanisms that contribute to the condition, enabling earlier and more accurate diagnosis, and guiding personalized care," said senior study author Olga Troyanskaya, director of Princeton Precision Health, the Maduraperuma/Khot Professor of Computer Science and the Lewis-Sigler Institute for Integrative Genomics at Princeton, and deputy director for genomics at the Center for Computational Biology of the Simons Foundation's Flatiron Institute.

The study defines four subtypes of autism -- Social and Behavioral Challenges, Mixed ASD with Developmental Delay, Moderate Challenges, and Broadly Affected. Each subtype exhibits distinct developmental, medical, behavioral and psychiatric traits, and importantly, different patterns of genetic variation.
    	Individuals in the Social and Behavioral Challenges group show core autism traits, including social challenges and repetitive behaviors, but generally reach developmental milestones at a pace similar to children without autism. They also often experience co-occurring conditions like ADHD, anxiety, depression or obsessive-compulsive disorder alongside autism. One of the larger groups, this constitutes around 37% of the participants in the study.
    	The Mixed ASD with Developmental Delay group tends to reach developmental milestones, such as walking and talking, later than children without autism, but usually does not show signs of anxiety, depression or disruptive behaviors. "Mixed" refers to differences within this group with respect to repetitive behaviors and social challenges. This group represents approximately 19% of the participants.
    	Individuals with Moderate Challenges show core autism-related behaviors, but less strongly than those in the other groups, and usually reach developmental milestones on a similar track to those without autism. They generally do not experience co-occurring psychiatric conditions. Roughly 34% of participants fall into this category.
    	The Broadly Affected group faces more extreme and wide-ranging challenges, including developmental delays, social and communication difficulties, repetitive behaviors and co-occurring psychiatric conditions like anxiety, depression and mood dysregulation. This is the smallest group, accounting for around 10% of the participants.

"These findings are powerful because the classes represent different clinical presentations and outcomes, and critically we were able to connect them to distinct underlying biology," said Aviya Litman, a Ph.D. student at Princeton and co-lead author.

Distinct genetics behind the subtypes

For decades, autism researchers and clinicians have been seeking robust definitions of autism subtypes to aid in diagnosis and care. Autism is known to be highly heritable, with many implicated genes.




"While genetic testing is already part of the standard of care for people diagnosed with autism, thus far, this testing reveals variants that explain the autism of only about 20% of patients," said study co-author Jennifer Foss-Feig, a clinical psychologist at the Seaver Autism Center for Research and Treatment at the Icahn School of Medicine at Mount Sinai and vice president and senior scientific officer at the Simons Foundation Autism Research Initiative (SFARI). This study takes an approach that differs from classic gene discovery efforts by identifying robust autism subtypes that are linked to distinct types of genetic mutations and affected biological pathways.

For example, children in the Broadly Affected group showed the highest proportion of damaging de novo mutations -- those not inherited from either parent -- while only the Mixed ASD with Developmental Delay group was more likely to carry rare inherited genetic variants. While children in both of these subtypes share some important traits like developmental delays and intellectual disability, these genetic differences suggest distinct mechanisms behind superficially similar clinical presentations.

"These findings point to specific hypotheses linking various pathways to different presentations of autism," said Litman, referring to differences in biology between children with different autism subtypes.

Moreover, the researchers identified divergent biological processes affected in each subtype. "What we're seeing is not just one biological story of autism, but multiple distinct narratives," said Natalie Sauerwald, associate research scientist at the Flatiron Institute and co-lead author. "This helps explain why past genetic studies often fell short -- it was like trying to solve a jigsaw puzzle without realizing we were actually looking at multiple different puzzles mixed together. We couldn't see the full picture, the genetic patterns, until we first separated individuals into subtypes."

Autism biology unfolds on different timelines

The team also found that autism subtypes differ in the timing of genetic disruptions' effects on brain development. Genes switch on and off at specific times, guiding different stages of development. While much of the genetic impact of autism was thought to occur before birth, in the Social and Behavioral Challenges subtype -- which typically has substantial social and psychiatric challenges, no developmental delays, and a later diagnosis -- mutations were found in genes that become active later in childhood. This suggests that, for these children, the biological mechanisms of autism may emerge after birth, aligning with their later clinical presentation.




"By integrating genetic and clinical data at scale, we can now begin to map the trajectory of autism from biological mechanisms to clinical presentation," said co-author Chandra Theesfeld, senior academic research manager at the Lewis-Sigler Institute and Princeton Precision Health.

A paradigm shift for autism research

This study builds on more than a decade of autism genomics research led by Troyanskaya and collaborators, supported by the Simons Foundation and the U.S. National Institutes of Health, and most recently by Princeton Precision Health, an interdisciplinary initiative launched in 2022. It is enabled by the close integration of interdisciplinary expertise in genomics, clinical psychology, molecular biology, computer science and modeling, and computational biology -- with experts from Princeton Precision Health, the Flatiron Institute and SFARI.

"It's a whole new paradigm, to provide these groups as a starting point for investigating the genetics of autism," said Theesfeld. Instead of searching for a biological explanation that encompasses all individuals with autism, researchers can now investigate the distinct genetic and biological processes driving each subtype.

This shift could reshape both autism research and clinical care -- helping clinicians anticipate different trajectories in diagnosis, development and treatment. "The ability to define biologically meaningful autism subtypes is foundational to realizing the vision of precision medicine for neurodevelopmental conditions," said Sauerwald.

While the current work defines four subtypes, "this doesn't mean there are only four classes," said Litman. "It means we now have a data-driven framework that shows there are at least four -- and that they are meaningful in both the clinic and the genome."

Looking ahead

For families navigating autism, knowing which subtype of autism their child has can offer new clarity, tailored care, support and community. "Understanding genetic causes for more individuals with autism could lead to more targeted developmental monitoring, precision treatment, and tailored support and accommodations at school or work," said Foss-Feig. "It could tell families, when their children with autism are still young, something more about what symptoms they might -- or might not -- experience, what to look out for over the course of a lifespan, which treatments to pursue, and how to plan for their future."

Beyond its contributions to understanding autism subtypes and their underlying biology, the study offers a powerful framework for characterizing other complex, heterogeneous conditions and finding clinically relevant disease subtypes. As Theesfeld put it: "This opens the door to countless new scientific and clinical discoveries."

The paper, "Decomposition of phenotypic heterogeneity in autism reveals underlying genetic programs," was published July 9 in Nature Genetics. In addition to Litman, Sauerwald, Foss-Feig, Theesfeld and Troyanskaya, co-authors include LeeAnne Green Snyder of the Simons Foundation, Christopher Y. Park and Yun Hao of the Flatiron Institute, and Ilan Dinstein of Ben Gurion University of the Negev, who contributed to the study during a sabbatical at the Simons Foundation. The research was supported in part by the U.S. National Institutes of Health and the Simons Foundation.
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This sugar substitute does more than sweeten - it kills cancer cells | ScienceDaily
Stevia may provide more benefits than as a zero-calorie sugar substitute. When fermented with bacteria isolated from banana leaves, stevia extract kills off pancreatic cancer cells but doesn't harm healthy kidney cells, according to a research team at Hiroshima University.


						
The researchers published their findings in the International Journal of Molecular Sciences. 

"Globally, the incidence and mortality rates of pancreatic cancer continue to rise, with a five-year survival rate of less than 10%," said co-author Narandalai Danshiitsoodol, associate professor in Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences. "Pancreatic cancer is highly invasive and prone to metastasis, showing significant resistance to existing treatments, such as surgery, radiotherapy and chemotherapy. As such, there is an urgent need to identify new and effective anticancer compounds, particularly those derived from medicinal plants."

Prior studies by other researchers indicated that stevia leaf extract demonstrated potential as an anticancer drug, but isolating and applying the specific bioactive components that protect against cancer cells has remained challenging, Danshiitsoodol said. However, fermenting with bacteria can structurally change the extract and produce bioactive metabolites, which are compounds that can impact living organisms.

"To enhance the pharmacological efficacy of natural plant extracts, microbial biotransformation has emerged as an effective strategy," said corresponding author Masanori Sugiyama, professor in the Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences. Sugiyama's lab has isolated and evaluated the health benefits of more than 1,300 lactic acid bacteria (LAB) strains from fruits, vegetables, flowers and medicinal plants. "In this study, we aimed to compare LAB-fermented and non-fermented extracts to identify key compounds that enhance bioactivity, ultimately contributing to the efficacy of herbal medicine in cancer prevention and therapy."

Specifically, the team fermented stevia leaf extract with plant-derived Lactobacillus plantarum SN13T strain (FSLE) and compared its effects on pancreatic cancer (PANC-1) cells in the lab, alongside non-cancerous human embryonic kidney cells HEK-293, to the effects of non-fermented stevia extract. The cells utilized in these experiments were acquired from established commercial cell lines.

"Our findings indicate that FSLE demonstrates significantly greater cytotoxicity than the non-fermented extract at equivalent concentrations, suggesting that the fermentation process enhances the bioactivity of the extract," Sugiyama said. "Notably, FSLE exhibited lower toxicity toward the HEK-293 cells, with minimal inhibition observed even at the highest concentration tested."

Additional analyses identified chlorogenic acid methyl ester (CAME) as the active anti-cancer compound. When fermented, the concentration of chlorogenic acid in the extract dropped six-fold, indicating a microbial transformation, according to Danshiitsoodol.




"This microbial transformation was likely due to specific enzymes in the bacteria strain used," Danshiitsoodol said. "Our data demonstrate that CAME exhibits stronger toxicity to cells and pro-apoptotic effects -- which encourage cell death -- on PANC-1 cells compared to chlorogenic acid alone."

Next, the researchers said they plan to study the effects in a mouse model to better understand the effectiveness of various dosages across a whole-body system.

"The present study has substantially enhanced our understanding of the mechanism of action of the Lactobacillus plantarum SN13T strain in the fermentation of herbal extracts, while also offering a valuable research perspective on the potential application of probiotics as natural anti-tumor agents," Danshiitsoodol said.

Other contributors include Rentao Zhang and Masafumi Noda, Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences, Hiroshima University; and Sayaka Yonezawa and Keishi Kanno, Department of General Internal Medicine, Hiroshima University Hospital.
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This DNA test can predict if a 5-year-old will be obese as an adult | ScienceDaily
What if we could prevent people from developing obesity? The World Obesity Federation expects more than half the global population to develop overweight or obesity by 2035. However, treatment strategies such as lifestyle change, surgery and medications are not universally available or effective.


						
By drawing on genetic data from over five million people, an international team of researchers has created a genetic test called a polygenic risk score (PGS) that predicts adulthood obesity already in early childhood. This finding could help to identify children and adolescents at higher genetic risk of developing obesity, who could benefit from targeted preventative strategies, such as lifestyle interventions, at a younger age.

"What makes the score so powerful is its ability to predict, before the age of five, whether a child is likely to develop obesity in adulthood, well before other risk factors start to shape their weight later in childhood. Intervening at this point can have a huge impact," says Assistant Professor Roelof Smit from the NNF Center for Basic Metabolic Research (CBMR) at the University of Copenhagen and lead author of the research published in Nature Medicine.

The study arises from the Genetic Investigation of Anthropometric Traits (GIANT) Consortium, an international collaboration of human genetics researchers dedicated to studying the genetic architecture of anthropometric traits such as human height and body mass index. The research involved a collaboration with the consumer genetics and research company 23andMe, inc., and the contributions of more than 600 scientists from 500 institutions, globally.

Twice as effective at predicting obesity as the next best test

The subtle variations in our genomes can greatly impact our health. Thousands of genetic variants have been identified that increase our risk of obesity, for example, variants that act in the brain and influence our appetite. A PGS is like a calculator that combines the effects of the different risk variants that a person carries and provides an overall score.

To create their PGS, the scientists drew on the genetic data of more than five million people - the largest and most diverse genetic dataset ever. They then tested their new PGS for obesity on datasets of the physical and genetic characteristics of more than 500,000 people. They found that their new PGS was twice as effective as the previous best test at predicting a person's risk of developing obesity.




"This new polygenic score is a dramatic improvement in predictive power and a leap forward in the genetic prediction of obesity risk, which brings us much closer to clinically useful genetic testing," says Professor Ruth Loos from CBMR at the University of Copenhagen.

Genetics is not destiny

The scientists also investigated the relationship between a person's genetic risk of obesity and the impact of lifestyle weight loss interventions, such as diet and exercise. They discovered that people with a higher genetic risk of obesity were more responsive to interventions but also regained weight more quickly when the interventions ended.

However, the new PGS has its limitations. Despite drawing on the genomes of a broader, more globally representative population, it was far better at predicting obesity in people with European-like ancestry than in people with African ancestry.
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        Pain relief without pills? VR nature scenes trigger the brain's healing switch
        Stepping into a virtual forest or waterfall scene through VR could be the future of pain management. A new study shows that immersive virtual nature dramatically reduces pain sensitivity almost as effectively as medication. Researchers at the University of Exeter found that the more present participants felt in these 360-degree nature experiences, the stronger the pain-relieving effects. Brain scans confirmed that immersive VR scenes activated pain-modulating pathways, revealing that our brains c...

      

      
        Atomic-scale secrets: What really happens inside your battery
        Scientists have cracked open a mysterious layer inside batteries, using cutting-edge 3D atomic force microscopy to capture the dynamic molecular structures at their solid-liquid interfaces. These once-invisible electrical double layers (EDLs) twist, break, and reform in response to surface irregularities phenomena never seen before in real-world battery systems. The findings don t just refine our understanding of how batteries work at the microscopic level they could fundamentally change how we b...

      

      
        Clockwork from scratch: How scientists made timekeeping cells
        Scientists at UC Merced have engineered artificial cells that can keep perfect time--mimicking the 24-hour biological clocks found in living organisms. By reconstructing circadian machinery inside tiny vesicles, the researchers showed that even simplified synthetic systems can glow with a daily rhythm--if they have enough of the right proteins.

      

      
        Building electronics that don't die: Columbia's breakthrough at CERN
        Deep beneath the Swiss-French border, the Large Hadron Collider unleashes staggering amounts of energy and radiation--enough to fry most electronics. Enter a team of Columbia engineers, who built ultra-rugged, radiation-resistant chips that now play a pivotal role in capturing data from subatomic particle collisions. These custom-designed ADCs not only survive the hostile environment inside CERN but also help filter and digitize the most critical collision events, enabling physicists to study elus...

      

      
        Digital twins are reinventing clean energy -- but there's a catch
        Researchers are exploring AI-powered digital twins as a game-changing tool to accelerate the clean energy transition. These digital models simulate and optimize real-world energy systems like wind, solar, geothermal, hydro, and biomass. But while they hold immense promise for improving efficiency and sustainability, the technology is still riddled with challenges--from environmental variability and degraded equipment modeling to data scarcity and complex biological processes.

      

      
        The real-life Kryptonite found in Serbia--and why it could power the future
        Deep in Serbia's Jadar Valley, scientists discovered a mineral with an uncanny resemblance to Superman's Kryptonite both in composition and name. Dubbed jadarite, this dull white crystal lacks the glowing green menace of its comic book counterpart but packs a punch in the real world. Rich in lithium and boron, jadarite could help supercharge the global transition to green energy.

      

      
        Quantum tunneling mystery solved after 100 years--and it involves a surprise collision
        For the first time ever, scientists have watched electrons perform a bizarre quantum feat: tunneling through atomic barriers by not just slipping through, but doubling back and slamming into the nucleus mid-tunnel. This surprising finding, led by POSTECH and Max Planck physicists, redefines our understanding of quantum tunneling--a process that powers everything from the sun to your smartphone.

      

      
        Ghost particles may secretly decide the fate of collapsing stars
        Neutrinos, ghostly particles barely interacting with matter, may secretly be reshaping the fates of massive stars. New research suggests that as stars collapse, they form natural "neutrino colliders," allowing scientists to probe these elusive particles in ways never possible on Earth. If neutrinos do interact through yet-undiscovered forces, they could cause stars to collapse into black holes instead of neutron stars, reshaping how we understand cosmic evolution.

      

      
        Scientists just cracked the cryptographic code behind quantum supremacy
        Quantum computing may one day outperform classical machines in solving certain complex problems, but when and how this "quantum advantage" emerges has remained unclear. Now, researchers from Kyoto University have linked this advantage to cryptographic puzzles, showing that the same conditions that allow secure quantum cryptography also define when quantum computing outpaces classical methods.

      

      
        Decades of chemistry rewritten: A textbook reaction just flipped
        Penn State researchers have uncovered a surprising twist in a foundational chemical reaction known as oxidative addition. Typically believed to involve transition metals donating electrons to organic compounds, the team discovered an alternate path--one in which electrons instead move from the organic molecule to the metal. This reversal, demonstrated using platinum and palladium exposed to hydrogen gas, could mean chemists have misunderstood a fundamental step for decades. The discovery opens the...

      

      
        An 'impossible' 20-electron molecule challenges 100 years of chemistry
        Scientists at OIST have defied a foundational rule in chemistry by creating a stable 20-electron version of ferrocene--an organometallic molecule once thought to be limited to 18 valence electrons. This discovery not only challenges conventional wisdom but unlocks new chemical behaviors and redox states, potentially transforming how catalysts and materials are designed.

      

      
        Scientists discover salt that makes batteries last 10x longer
        A team at KAUST has revealed that the short lifespan of aqueous batteries is primarily due to "free water" molecules triggering harmful chemical reactions at the anode. By adding affordable sulfate salts like zinc sulfate, they significantly reduced this issue--boosting battery life over tenfold. The sulfate acts as a "water glue," stabilizing the water structure and halting the energy-wasting reactions. Not only is this solution simple and cost-effective, but early results suggest it may be a uni...

      

      
        Trapped by moon dust: The physics error that fooled NASA for years
        Engineers at the University of Wisconsin-Madison uncovered a critical flaw in how lunar and Martian rovers are tested on Earth. Simulations revealed that test results have been misleading for decades because researchers only adjusted rover weight to simulate low gravity--but ignored how Earth's gravity affects the terrain itself. Using a powerful simulation tool called Chrono, the team showed that sandy surfaces behave very differently on the Moon, where they're fluffier and less supportive.

      

      
        AI turns immune cells into precision cancer killers--in just weeks
        A breakthrough AI system is revolutionizing cancer immunotherapy by enabling scientists to design protein-based keys that train a patient s immune cells to attack cancer with extreme precision. This method, capable of reducing development time from years to weeks, was successfully tested on known and patient-specific tumor targets. Using virtual safety screenings to avoid harmful side effects, the platform represents a leap forward in personalized medicine.

      

      
        You've never seen atoms like this before: A hidden motion revealed
        A pioneering team at the University of Maryland has captured the first-ever images of atomic thermal vibrations, unlocking an unseen world of motion within two-dimensional materials. Their innovative electron ptychography technique revealed elusive "moire phasons," a long-theorized phenomenon that governs heat, electronic behavior, and structural order at the atomic level. This discovery not only confirms decades-old theories but also provides a new lens for building the future of quantum computi...

      

      
        Harvard's ultra-thin chip could revolutionize quantum computing
        Researchers at Harvard have created a groundbreaking metasurface that can replace bulky and complex optical components used in quantum computing with a single, ultra-thin, nanostructured layer. This innovation could make quantum networks far more scalable, stable, and compact. By harnessing the power of graph theory, the team simplified the design of these quantum metasurfaces, enabling them to generate entangled photons and perform sophisticated quantum operations -- all on a chip thinner than a ...

      

      
        Google's deepfake hunter sees what you can't--even in videos without faces
        AI-generated videos are becoming dangerously convincing and UC Riverside researchers have teamed up with Google to fight back. Their new system, UNITE, can detect deepfakes even when faces aren't visible, going beyond traditional methods by scanning backgrounds, motion, and subtle cues. As fake content becomes easier to generate and harder to detect, this universal tool might become essential for newsrooms and social media platforms trying to safeguard the truth.

      

      
        Hubble caught a star exploding -- and it's helping map the cosmos
        In the sprawling Hydra constellation, 137 million light-years away, lies NGC 3285B--a dazzling spiral galaxy recently spotlighted by NASA's Hubble Space Telescope. This cosmic beauty orbits the edges of the massive Hydra I galaxy cluster, home to some of the universe's largest elliptical galaxies. What drew astronomers' eyes was a brilliant Type Ia supernova, a cataclysmic stellar explosion bright enough to briefly rival billions of Suns.
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Pain relief without pills? VR nature scenes trigger the brain's healing switch | ScienceDaily
Immersing in virtual reality (VR) nature scenes helped relieve symptoms that are often seen in people living with long-term pain, with those who felt more present experiencing the strongest effects.


						
A new study led by the University of Exeter, published in the journal Pain, tested the impact of immersive 360-degree nature films delivered using VR compared with 2D video images in reducing experience of pain, finding VR almost twice as effective.

Long-term (chronic) pain typically lasts more than three months and is particularly difficult to treat. The researchers simulated this type of pain in healthy participants, finding that nature VR had an effect similar to that of painkillers, which endured for at least five minutes after the VR experience had ended.

Dr Sam Hughes, Senior Lecturer in Pain Neuroscience at the University of Exeter, led the study. He said: "We've seen a growing body of evidence show that exposure to nature can help reduce short term, everyday pain, but there has been less research into how this might work for people living with chronic or longer-term pain. Also, not everyone is able to get out for walks in nature, particularly those living with long term health conditions like chronic pain. Our study is the first to look at the effect of prolonged exposure to a virtual reality nature scene on symptoms seen during long term pain sensitivity. Our results suggest that immersive nature experiences can reduce the development of this pain sensitivity through an enhanced sense of presence and through harnessing the brains in-built pain suppression systems''

The study, which was funded by the Academy of Medical Sciences, involved 29 healthy participants who were shown two types of nature scene after having pain delivered on the forearm using electric shocks. On the first visit, they measured the changes in pain that occur over a 50-minute period following the electric shocks and showed how the healthy participants developed sensitivity to sharp pricking stimuli in the absence of any nature scenes. The results showed that the participants developed a type of sensitivity that closely resembles that seen in people living with nerve pain -- which occurs due to changes in how pain signals are processed in the brain and spinal cord.

On the second visit, they immersed the same participants in a 45-minute virtual reality 360-degree experience of the waterfalls of Oregon to see how this could change how the development of pain sensitivity. The scene was specially chosen to maximize therapeutic effects.

In the second visit, they explored the same scene, but on a 2D screen.




They completed questionnaires on their experience of pain after watching the scenes in each case, and also on how present they felt in each experience, and to what extent they felt the nature scenes to be restorative[LV1] .

On a separate visit, participants underwent MRI brain scans at the University of Exeter's Mireille Gillings Neuroimaging Centre. Researchers administered a cold gel to illicit a type of ongoing pain and then scanned participants to study how their brains respond.

The researchers found that the immersive VR experience significantly reduced the development and spread of feelings of pain sensitivity to pricking stimuli, and these pain-reducing effects were still there even at the end of the 45-minute experience.

The more present the person felt during the VR experience, the stronger this pain-relieving effect. The fMRI brain scans also revealed that people with stronger connectivity in brain regions involved in modulating pain responses experienced less pain. The results suggest that nature scenes delivered using VR can help to change how pain signals are transmitted in the brain and spinal cord during long-term pain conditions.

Dr Sonia Medina, of the University of Exeter Medical School and one of the authors on the study, said: "We think VR has a particularly strong effect on reducing experience of pain because it's so immersive. It really created that feeling of being present in nature - and we found the pain - reducing effect was greatest in people for whom that perception was strongest. We hope our study leads to more research to investigate further how exposure to nature effects our pain responses, so we could one day see nature scenes incorporated into ways of reducing pain for people in settings like care homes or hospitals."

The paper is titled 'Immersion in nature through virtual reality attenuates the development and spread of mechanical secondary hyperalgesia: a role for insulo-thalamic effective connectivity' and is published in the journal Pain.
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Atomic-scale secrets: What really happens inside your battery | ScienceDaily
Electrochemical cells - or batteries, as a well-known example - are complex technologies that combine chemistry, physics, materials science and electronics. More than power sources for everything from smartphones to electric vehicles, they remain a strong motivation for scientific inquiry that seeks to fully understand their structure and evolution at the molecular level.


						
A team led by Yingjie Zhang, a professor of materials science and engineering in The Grainger College of Engineering at the University of Illinois Urbana-Champaign, has completed the first investigation into a widely acknowledged but often overlooked aspect of electrochemical cells: the nonuniformity of the liquid at the solid-liquid interfaces in the cells. As the researchers reported in the Proceedings of the National Academy of Sciences, microscopic imaging revealed that these interfacial structures, called electrical double layers (EDLs), tend to organize into specific configurations in response to chemical deposition on the surface of the solid.

"There's a tendency to think of electrochemical cells just for their technological utility as batteries, but there is still plenty of science to do on them that will inform the technological applications," said Qian Ai, a graduate student in Zhang's research group and the study's lead author. "In our work, we carefully examined EDLs with 3D atomic force microscopy, a technique designed to sense small forces. We observed the molecular structure of inhomogeneous EDLs surrounding surface clusters for the first time."

Electrochemical cells take advantage of mobile charges inside liquid electrolytes to maintain an electrical imbalance that gives rise to a voltage difference between two terminals. The earliest investigations of these systems over 100 years ago revealed the existence of EDLs at the interface between the liquid electrolyte and solid conductor mediating the voltage difference. They consist of electrolytes self-organized into nanometer-thick layers at the interface.

Past work has shown that solid-liquid interfaces in batteries are heterogeneous, exhibiting spatially varying chemical compositions and morphologies, sometimes forming surface clusters. However, these attempts to study and model electrochemical cells focused only on model systems with flat and uniform surfaces. The result is a knowledge gap that impedes our understanding of electrochemical cells and battery technology.

To investigate the heterogeneous interfaces, the team used 3D atomic force microscopy, a technique designed to sense small forces. This method allowed them to correlate the inhomogeneity in EDLs with the surface clusters, structures that nucleate at the initial stages of battery charging. Based on the data, the researchers proposed three primary responses in the EDLs: "bending," in which the layers appear to curve around the cluster; "breaking," in which parts of the layers detach to form new intermediate layers; and "reconnecting," in which the EDL layer above the cluster connects to a nearby layer with an offset in the layer number.

"These three patterns are quite universal," Ai said. "Those structures are mainly due to the finite size of the liquid molecules, not their specific chemistry. We should be able to predict the liquid structure based on the solid's surface morphology for other systems."

Going forward, the researchers look forward to expanding their findings.




"This is groundbreaking," Zhang said. "We have resolved the EDLs in realistic, heterogeneous electrochemical systems, which is a holy grain in electrochemistry. Besides the practical implications in technology, we are starting to develop new chapters in electrochemistry textbooks."

Lalith Bonagiri, Kaustubh Panse, Jaehyeon Kim and Shan Zhou also contributed to this work.

Support was provided by the Air Force Office of Scientific Research.

Yingjie Zhang is an Illinois Grainger Engineering assistant professor of materials science and engineering in the Department of Materials Science and Engineering. He is a faculty affiliate of the Materials Research Laboratory and the Beckman Institute for Advanced Science and Technology.
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Clockwork from scratch: How scientists made timekeeping cells | ScienceDaily
A team of UC Merced researchers has shown that tiny artificial cells can accurately keep time, mimicking the daily rhythms found in living organisms. Their findings shed light on how biological clocks stay on schedule despite the inherent molecular noise inside cells.


						
The study, recently published in Nature Communications, was led by bioengineering Professor Anand Bala Subramaniam and chemistry and biochemistry Professor Andy LiWang. The first author, Alexander Zhang Tu Li, earned his Ph.D. in Subramaniam's lab.

Biological clocks -- also known as circadian rhythms -- govern 24-hour cycles that regulate sleep, metabolism and other vital processes. To explore the mechanisms behind the circadian rhythms of cyanobacteria, the researchers reconstructed the clockwork in simplified, cell-like structures called vesicles. These vesicles were loaded with core clock proteins, one of which was tagged with a fluorescent marker.

The artificial cells glowed in a regular 24-hour rhythm for at least four days. However, when the number of clock proteins was reduced or the vesicles were made smaller, the rhythmic glow stopped. The loss of rhythm followed a reproducible pattern.

To explain these findings, the team built a computational model. The model revealed that clocks become more robust with higher concentrations of clock proteins, allowing thousands of vesicles to keep time reliably -- even when protein amounts vary slightly between vesicles.

The model also suggested another component of the natural circadian system -- responsible for turning genes on and off -- does not play a major role in maintaining individual clocks but is essential for synchronizing clock timing across a population.

The researchers also noted that some clock proteins tend to stick to the walls of the vesicles, meaning a high total protein count is necessary to maintain proper function.




"This study shows that we can dissect and understand the core principles of biological timekeeping using simplified, synthetic systems," Subramaniam said.

The work led by Subramaniam and LiWang advances the methodology for studying biological clocks, said Mingxu Fang, a microbiology professor at Ohio State University and an expert in circadian clocks.

"The cyanobacterial circadian clock relies on slow biochemical reactions that are inherently noisy, and it has been proposed that high clock protein numbers are needed to buffer this noise," Fang said. "This new study introduces a method to observe reconstituted clock reactions within size-adjustable vesicles that mimic cellular dimensions. This powerful tool enables direct testing of how and why organisms with different cell sizes may adopt distinct timing strategies, thereby deepening our understanding of biological timekeeping mechanisms across life forms."

Subramaniam is a faculty member in the Department of Bioengineering and an affiliate of the Health Sciences Research Institute (HSRI). LiWang is a faculty member in the Department of Chemistry and Biochemistry, also affiliated with HSRI. He is a fellow of the American Academy of Microbiology and the 2025 recipient of the Dorothy Crowfoot Hodgkin Award from The Protein Society.

The work was supported by Subramaniam's National Science Foundation CAREER award from the Division of Materials Research and by grants from the National Institutes of Health and Army Research Office awarded to LiWang. LiWang was supported by a fellowship from the NSF CREST Center for Cellular and Biomolecular Machines at UC Merced.
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Building electronics that don't die: Columbia's breakthrough at CERN | ScienceDaily
The Large Hadron Collider (LHC) is tough on electronics. Situated inside a 17-mile-long tunnel that runs in a circle under the border between Switzerland and France, this massive scientific instrument accelerates particles close to the speed of light before smashing them together. The collisions yield tiny maelstroms of particles and energy that hint at answers to fundamental questions about the building blocks of matter.


						
Those collisions produce an enormous amount of data -- and enough radiation to scramble the bits and logic inside almost any piece of electronic equipment.

That presents a challenge to CERN's physicists as they attempt to probe deeper into the mysteries of the Higgs boson and other fundamental particles. Off-the-shelf components simply can't survive the harsh conditions inside the accelerator, and the market for radiation-resistant circuits is too small to entice investment from commercial chip manufacturers.

"Industry just couldn't justify the effort, so academia had to step in," according to Peter Kinget, the Bernard J. Lechner Professor of Electrical Engineering at Columbia Engineering. "The next discoveries made with the LHC will be triggered by one Columbia chip and measured by another."

Kinget leads the team that designed specialized silicon chips that collect data in one of the harshest and most important environments in particle physics. Their most recent paper describing this project was published July 1 in the IEEE Open Journal of the Solid-State Circuits Society.

"These sort of collaborations between physicists and engineers are very important to advancing our ability to explore fundamental questions about the universe," according to John Parsons, professor of physics at Columbia University and leader of the Columbia team working on the ATLAS detector, one of the LHC's massive instruments. "Developing state-of-the-art instrumentation is crucial to our success."

Circuits that resist radiation

The devices the team designed are called analog-to-digital converters, or ADCs. Their task is capturing electrical signals produced by particle collisions inside CERN's detectors and translating them into digital data that researchers can analyze.




In the ATLAS detector, the electrical pulses generated by particle collisions are measured using a device called a liquid argon calorimeter. This enormous vat of ultra-cold argon captures an electronic trace of every particle that passes through. Columbia's ADC chips convert these delicate analog signals into precise digital measurements, capturing details that no existing component could reliably record.

"We tested standard, commercial components, and they just died. The radiation was too intense," says Rui (Ray) Xu, a Columbia Engineering PhD student who has worked on the project since he was an undergraduate at the University of Texas. "We realized that if we wanted something that worked, we'd have to design it ourselves."

Designing "high-accuracy" reliability

Instead of creating entirely new manufacturing methods, the team used commercial semiconductor processes validated by CERN for radiation resistance and applied innovative circuit-level techniques. They carefully chose and sized components and arranged circuit architectures and layouts to minimize radiation damage and built digital systems that automatically detect and correct errors in real time. Their resulting design is resilient enough to withstand the unusually severe conditions at LHC for more than a decade.

Two Columbia-designed ADC chips are expected to be integrated into the ATLAS experiment's upgraded electronics. The first, called the trigger ADC, is already operating at CERN. This chip, initially described in 2017 and validated in 2022, enables the trigger system to filter about a billion collisions each second and to instantly select only the most scientifically promising events to record. It serves as a digital gatekeeper deciding what merits deeper investigation.

The second chip, the data acquisition ADC, recently passed its final tests and is now in full production. The chip, which was described in an IEEE paper earlier this year, will be installed as part of the next LHC upgrade. It will very precisely digitize the selected signals, enabling physicists to explore phenomena like the Higgs boson, whose discovery at CERN made headlines in 2012 and led to the Nobel Prize in physics in 2013, but whose exact properties still hold mysteries.




Both chips represent the kind of direct collaboration between fundamental physicists and engineers.

"The opportunity as an engineer to contribute so directly to fundamental science, is what makes this project special," Xu said.

It further created opportunities to collaborate across multiple institutions. The chips were designed by electrical engineers at Columbia and at the University of Texas, Austin, in close collaboration with physicists at Columbia's Nevis Laboratories and the University of Texas, Austin.

Funded by the National Science Foundation and the Department of Energy, Columbia's chips play a central role in a broader international collaboration coordinated in part by Columbia's Nevis Laboratories. As research at CERN advances, Columbia-designed components will contribute to data acquisition systems that support physicists in analysing phenomena beyond the current limits of knowledge.
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Digital twins are reinventing clean energy - but there's a catch | ScienceDaily
As the world grapples with the urgent need to reduce carbon emissions and combat climate change, researchers at the University of Sharjah are turning to a cutting-edge technology that could reshape the future of energy: AI-powered digital twins.


						
According to the researchers, these digital replicas of the physical world have the potential to transform the generation, management, and optimization of energy across diverse clean energy platforms, accelerating the transition away from fossil fuels, which environmental scientists associate with global warming.

Digital twins' ability to replicate and interact with complex systems has made them a cornerstone of innovation across industries, driving improvements in efficiency, cost reduction, and the development of novel solutions.

However, the scientists caution that current digital twin models still face notable limitations that restrict their full potential in harnessing energy from sources such as wind, solar, geothermal, hydroelectric, and biomass.

"Digital twins are highly effective in optimizing renewable energy systems," the researchers write in the journal Energy Nexus. "Yet, each energy source presents unique challenges -- ranging from data variability and environmental conditions to system complexity -- that can limit the performance of digital twin technologies, despite their considerable promise in improving energy generation and management."

In their study, the authors conducted an extensive review of existing literature on the application of digital twins in renewable energy systems. They examined various contexts, functions, lifecycles, and architectural frameworks to understand how digital twins are currently being utilized and where gaps remain.

To extract meaningful insights, the researchers employed advanced text mining techniques, leveraging artificial intelligence, machine learning, and natural language processing. This scientifically rigorous approach enabled them to analyze large volumes of raw data and uncover structured patterns, concepts, and emerging trends.




From this in-depth analysis, the authors drew several key conclusions. They identified research gaps, proposed new directions, and outlined the challenges that must be addressed to fully harness the potential of digital twin technology in the renewable energy sector.

Following a detailed discussion on the integration of digital twins across various renewable energy applications, the authors summarized their most significant findings across five major energy sources: wind, solar, geothermal, hydroelectric, and biomass. Each source presents unique opportunities and challenges, and the study offers a comprehensive overview of how digital twins can be tailored to optimize performance in each domain.

The study reveals that digital twins offer significant advantages across various renewable energy systems:

Wind Energy: Digital twins can predict unknown parameters and correct inaccurate measurements, enhancing system reliability and performance.

Solar Energy: They help identify key factors that influence efficiency and output power, enabling better system design and optimization.

Geothermal Energy: Digital twins can simulate the entire operational process -- particularly drilling -- facilitating cost analysis and reducing both time and expenses.




Hydroelectric Energy: The AI-driven models simulate system dynamics to identify influencing factors. In older hydro plants, they are used to mitigate the impact of worker fatigue on productivity.

Biomass Energy: Digital twins improve performance and management by offering deep insights into operational processes and plant configurations.

But the authors' contribution to the field stands out in highlighting critical limitations in the application of digital twin technology across these energy sources. Their analysis underscores the need for more robust models that can address specific challenges unique to each renewable energy system.

The authors identify several limitations in the application of digital twins across different renewable energy systems:

Wind Energy: Digital twins face challenges in accurately modeling and monitoring environmental conditions. They struggle to simulate critical factors such as blade erosion, gearbox degradation, and electrical system performance -- particularly in aging turbines.

Solar Energy: Despite their potential, digital twins still fall short in reliably predicting long-term performance. They have difficulty tracking panel degradation and accounting for environmental influences over time, which affects their accuracy and usefulness.

Geothermal Energy: A major obstacle is the lack of high-quality data, which hampers the ability of digital twins to simulate geological uncertainties and subsurface conditions. The technology also faces complexity in modeling the long-term behavior of geothermal systems, including heat transfer and fluid flow dynamics.

Hydroelectric energy: Applied to hydroelectric projects, digital twins face challenges in accurately modeling water flow variability and in capturing environmental and ecological constraints. These limitations reduce their effectiveness in optimizing system performance and sustainability.

biomass energy: When used with biomass energy systems, digital twins still struggle to simulate the entire production supply chain. They fall short in providing precise models for biological processes, biomass conversion, and the complex biochemical and thermochemical reactions involved.

The authors emphasize the broader implications of these shortcomings for the renewable energy sector. To address these challenges, they offer a set of guidelines and a research roadmap aimed at helping scientists enhance the reliability and precision of digital twin technologies.

Their recommendations focus on improving data collection methods, advancing modeling techniques, and expanding computational capabilities to ensure digital twins can deliver trustworthy insights for decision-making and system optimization.
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The real-life Kryptonite found in Serbia-and why it could power the future | ScienceDaily
    	Jadarite has been likened to Superman's 'kryptonite' based on their similar chemical compositions.
    	It was discovered in the Jadar Valley of Serbia and officially recognized as a new mineral in 2006.
    	Whilst lacking any actual superpowers, jadarite has great potential as an important resource of lithium and boron.

Kryptonite's twin on Earth 

Described as 'Earth's kryptonite twin', jadarite is a rare and fascinating mineral that quickly caught the attention of scientists and Superman fans alike.

The mineral was discovered by exploration geologists from Rio Tinto in 2004 in the Jadar Valley of Serbia. Its chemical composition is exactly like the fictional kryptonite right out of the comic books -- with a few differences. Where kryptonite glows green and weakens superheroes, jadarite offers immense potential for Earth's energy transition away from fossil fuels.

A new mineral on the scene 

Jadarite was identified by Rio Tinto geologists during exploration drilling and didn't match any known mineral at the time. After analysis by the Natural History Museum in London and the National Research Council of Canada, it was officially recognised as a new mineral in 2006.

Jadarite is a "sodium lithium boron silicate hydroxide" mineral, coincidentally the same scientific name written on a case containing kryptonite stolen by Lex Luther from a museum in the film Superman Returns.




While the film version of kryptonite contains fluorine and glows an eery green, the chemical formula of the real version is LiNaSiB3O7(OH) and is a much less supernatural dull white -- though it does fluoresce a pinkish-orange under UV light.

Super in its own right 

Michael Page, a scientist with Australia's Nuclear Science and Technology Organisation (ANSTO), said that the mineral is 'super' in its own right.

"While lacking any supernatural powers the real jadarite has great potential as an important source of lithium and boron," Michael said.

"In fact, the Jadar deposit where it was first discovered is considered one of the largest lithium deposits in the world, making it a potential game-changer for the global green energy transition."

ANSTO is one of the three supporting agencies of the Australian Critical Minerals R&D Hub, alongside Geoscience Australia and CSIRO, hosted by CSIRO. One of the Hub's key missions is to better connect Australia's R&D ecosystem, including Australian industry, to enable access and utilization of critical minerals to strengthen Australia's value chain domestically and across the globe.

The work that ANSTO does has a significant focus on how these critical minerals, such as jadarite, can be utilised to support Australian industry in a commercial capacity.

"At ANSTO, we work with industry to develop process solutions for many critical elements including lithium, and the challenges posed by a new type of mineral resource are very exciting," Michael said.

ANSTO has produced battery grade lithium chemicals from many different mineral deposits, such as spodumene, lepidolite and even jadarite, ensuring that Australian miners receive the support they need to meet the challenges of the energy transition.
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Quantum tunneling mystery solved after 100 years-and it involves a surprise collision | ScienceDaily
Recently, Professor Dong Eon Kim from POSTECH's Department of Physics and Max Planck Korea-POSTECH Initiative and his research team have succeeded in unraveling for the first time the mystery of the 'electron tunneling' process, a core concept in quantum mechanics, and confirmed it through experiments. This study was published in the international journal Physical Review Letters and is attracting attention as a key to unlocking the long-standing mystery of 'electron tunneling,' which has remained unsolved for over 100 years.


						
While the idea of teleporting through walls may sound like something out of a movie, such phenomena actually occur in the atomic world. This phenomenon, called 'quantum tunneling,' involves electrons passing through energy barriers (walls) that they seemingly cannot surmount with their energy, as if digging a tunnel through them.

This phenomenon is the principle by which semiconductors, i. e., core components of smartphones and computers, operate, and is also essential for nuclear fusion, the process that produces light and energy in the sun. However, until now, while some understanding existed about what happens before and after an electron passes through a tunnel, the exact behavior of the electron as it traverses the barrier remained unclear. We know the entrance and exit of the tunnel, but what happens inside has remained a mystery.

Professor Kim Dong Eon's team, along with Professor C. H. Keitel's team at the Max Planck Institute for Nuclear Physics in Heidelberg, Germany, conducted an experiment using intense laser pulses to induce electron tunneling in atoms. The results revealed a surprising phenomenon: electrons do not simply pass through the barrier but collide again with the atomic nucleus inside the tunnel. The research team named this process 'under-the-barrier recollision' (UBR). Until now, it was believed that electrons could only interact with the nucleus after exiting the tunnel, but this study confirmed for the first time that such interaction can occur inside the tunnel.

Even more intriguingly, during this process, electrons gain energy inside the barrier and collide again with the nucleus, thereby strengthening what is known as 'Freeman resonance.' This ionization was significantly greater than that observed in previously known ionization processes and was hardly affected by changes in laser intensity. This is a completely new discovery that could not be predicted by existing theories.

This research is significant as it is the first in the world to elucidate the dynamics of electrons during tunneling. It is expected to provide an important scientific foundation for more precise control of electron behavior and increased efficiency in advanced technologies such as semiconductors, quantum computers, and ultrafast lasers that rely on tunneling.

Professor Kim Dong Eon stated, "Through this study, we were able to find clues about how electrons behave when they pass through the atomic wall," and added, "Now, we can finally understand tunneling more deeply and control it as we wish."

Meanwhile, this research was supported by the National Research Foundation of Korea and the Capacity Development Project of the Korea Institute for Advancement of Technology.
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Ghost particles may secretly decide the fate of collapsing stars | ScienceDaily
Neutrinos are cosmic tricksters, paradoxically hardly there but lethal to stars significantly more massive than the sun. These elementary particles come in three known "flavors": electron, muon and tau. Whatever the flavor, neutrinos are notoriously slippery, and much about their properties remains mysterious. It is almost impossible to collide neutrinos with each other in the lab, so it is not known if neutrinos interact with each other according to the standard model of particle physics, or if there are much-speculated "secret" interactions only among neutrinos.


						
Now a team of researchers from the Network for Neutrinos, Nuclear Astrophysics, and Symmetries (N3AS), including several from UC San Diego, have shown, through theoretical calculations, how collapsing massive stars can act as a "neutrino collider." Neutrinos steal thermal energy from these stars, forcing them to contract and causing their electrons to move near light speed. This drives the stars to instability and collapse

Eventually the collapsing star's density becomes so high that the neutrinos are trapped and collide with each other. With purely standard model interactions, the neutrinos will be mostly electron flavor, the matter will be relatively "cold," and the collapse will likely leave a neutron star remnant. However, secret interactions that change neutrino flavor radically alter this scenario, producing neutrinos of all flavors and leading to a mostly neutron "hot" core that may lead to a black hole remnant.

Fermi National Accelerator Lab's upcoming Deep Underground Neutrino Experiment (DUNE) might be able to test these ideas, as might future observations of the neutrinos or gravitational waves from collapsing stars.

The study, published June 18, 2025 in Physical Review Letters, was led by UC San Diego researchers Anna M. Suliga, Julien Froustey, Lukas Graf, Kyle Kehrer and George Fuller, as well as collaborators from other institutions. Their research was funded, in part, by the National Science Foundation (PHY-2209578 and PHY-2020275), the Department of Energy (DE-AC02-07CHI11359), and the Heising-Simons Foundation (2017-228).
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Scientists just cracked the cryptographic code behind quantum supremacy | ScienceDaily
Experts say quantum computing is the future of computers. Unlike conventional computers, quantum computers leverage the properties of quantum physics such as superposition and interference, theoretically outperforming current equipment to an exponential degree.


						
When a quantum computer is able to solve a problem unfeasible for current technologies, this is called the quantum advantage. However, this edge is not guaranteed for all calculations, raising fundamental questions regarding the conditions under which such an advantage exists. While previous studies have proposed various sufficient conditions for quantum advantage, the necessity of these conditions has remained unclear.

Motivated by this uncertainty, a team of researchers at Kyoto University has endeavored to understand the necessary and sufficient conditions for quantum advantage, using an approach combining techniques from quantum computing and cryptography, the science of coding information securely.

Specifically, the team focused on interactive protocols called inefficient-verifier proofs of quantumness, which allow a verifier without a quantum computer to interact with a quantum prover and verify that it indeed possesses quantum computational power. In their study, the team demonstrated that the existence of these proofs depends on the existence of a certain cryptographic primitive called a one-way puzzle.

By integrating these methods, the team introduced a novel framework uniting the seemingly unrelated concepts of quantum advantage and cryptographic security. As a result, the team was able to completely characterize quantum advantage for the first time.

"We were able to identify the necessary and sufficient conditions for quantum advantage by proving an equivalence between the existence of quantum advantage and the security of certain quantum cryptographic primitives," says corresponding author Yuki Shirakawa.

The results imply that when quantum advantage does not exist, then the security of almost all cryptographic primitives -- previously believed to be secure -- is broken. Importantly, these primitives are not limited to quantum cryptography but also include widely-used conventional cryptographic primitives as well as post-quantum ones that are rapidly evolving.

The established equivalence between quantum computing and cryptography also provides a stronger cryptographic foundation for future experimental demonstrations of quantum advantage, as well as for ongoing theoretical investigations in the field.

"Quantum advantage is a highly expected and actively studied concept, but it is still not fully understood. Our study represents a significant step toward a deeper understanding of this property," says Shirakawa.

The team expects that future research will extend characterization to other types of quantum advantage and lead to a more general theoretical framework.
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Decades of chemistry rewritten: A textbook reaction just flipped | ScienceDaily
Speeding up chemical reactions is key to improving industrial processes or mitigating unwanted or harmful waste. Realizing these improvements requires that chemists design around documented reaction pathways. Now, a team of Penn State researchers has found that a fundamental reaction called oxidative addition can follow a different path to achieve the same ends, raising the question of whether this new order of events has been occurring all along and potentially opening up new space for chemical design.


						
A paper describing the research appeared June 23, 2025 in the Journal of the American Chemical Society.

The reactions of organic compounds -- those containing carbon, hydrogen, oxygen and a few other elements -- are limited by the bonding patterns and electron arrangements specific to organic elements. More electron arrangements are available in transition metals, another type of element that includes, for example, platinum and palladium. When transition metals interact with organic compounds, this added layer of complexity can modify the electron structure of organic compounds leading to a wider diversity of potential reactions, including breaking chemical bonds and catalyzing reactions not possible among purely organic compounds. Understanding the diversity of ways these chemical reactions can occur could help chemists design ways to exploit transition metals to increase the efficiency of industrial processes or find new solutions that could, for example, help reduce environmental pollutants, according to the researchers.

"Transition metals have properties that allow them to 'break the rules' of organic chemistry," said Jonathan Kuo, assistant professor of chemistry in the Eberly College of Science at Penn State and the leader of the research team. "As an example, even though biological systems are largely considered to be organic, much of the chemistry in cells occurs at active sites, where metallic co-factors actually drive the reactivity. Transition metals are also used to catalyze industrial-scale chemical reactions. General understanding as to how these reactions work is a way to approach the efficiency of nature or even invent reactions that don't have a known analogy in nature."

Chemical reactions occur because the atoms that compose molecules "want" to be in a state that is more stable. This stabilization is accomplished mainly by rearranging electrons amongst orbitals -- the cloudlike regions around atomic nuclei where electrons are likely to be located. A hydrogen atom, for example, has only one electron that lives in a "1s" orbital. However, two hydrogen atoms can bond to make dihydrogen (H2), where the two 1s orbitals mix to make two hybrid orbitals. The more stable of the two hybrid orbitals hosts the two electrons, resulting in a net energy savings and more stability. Larger, more complex elements can have multiple s-orbitals with different energy levels as well as p-, d- and f-orbitals, which have varied shapes and capacity, leading to more diversity in electronic structure and more possible types of chemical reactions.

"In nature, a hydrogen atom can only support its electron using its only orbital resource, the 1s orbital," Kuo said. "But two hydrogen atoms can get together and say, 'we have two electrons and two orbital resources, what's the most efficient way to share the burden amongst our resources. Most organic elements have only s- and p-orbitals, but the transition metals add d-orbitals to the mix."

In most descriptions of oxidative addition, transition metals are said to donate their electrons to organic substrates during the binding process. The close proximity of the organic molecule to the transition metal allows the two sets of orbitals to mix, driving many types of reactions. Because of this, there has been much effort to develop transition metal compounds that are electron dense, which would potentially make them more powerful activators.




"It has, however, been noted that some oxidative additions are a little different," Kuo said. "A subgroup are actually accelerated by transition metal compounds that are electron deficient. We were able to identify a plausible explanation, where instead of the transition metal donating elections, the first step in the reaction involved electrons moving from an organic molecule to the transition metal. This type of electron flow, known as heterolysis, is well-known, but had not previously been observed to result in a net oxidative addition."

The research team used compounds containing the transition metals platinum and palladium -- which were not electron dense -- and exposed them to hydrogen gas. They then used nuclear magnetic resonance (NMR) spectroscopy to monitor changes to the transition metal complex. In this way, they could observe an intermediate step that indicates hydrogen had donated its electrons to the metal complex, prior to approaching a final resultant state that was indistinguishable from oxidative addition.

"We are excited to add this new play to the transition metal playbook," Kuo said. "Showing that this can occur opens up new and exciting ways we might use transition metal chemistry. I am especially interested in finding reactions that could break down stubborn pollutants."

In addition to Kuo, the research team includes first author Nisha Rao, a graduate student in chemistry at Penn State. The Penn State Eberly College of Science supported this research.
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An 'impossible' 20-electron molecule challenges 100 years of chemistry | ScienceDaily
For over a century, the well-known 18-electron rule has guided the field of organometallic chemistry. Now, researchers at Okinawa Institute of Science and Technology (OIST) have successfully synthesized a novel organometallic compound that challenges this longstanding principle. They have created a stable 20-electron derivative of ferrocene, an iron-based metal-organic complex, which could lead to exciting possibilities in chemical science.  


						
"For many transition metal complexes, they are most stable when surrounded by 18 formal valence electrons. This is a chemical rule of thumb on which many key discoveries in catalysis and materials science are based," said Dr. Satoshi Takebayashi, lead author of the paper published in Nature Communications, in collaboration with scientists from Germany, Russia, and Japan. Ferrocene is a classic example that embodies this rule. "We have now shown for the first time that it is possible to synthesize a stable 20-electron ferrocene derivative," he added.

This breakthrough improves our understanding of the structure and stability of metallocenes, a class of compounds known for their characteristic "sandwich" structure, in which a metal atom sits between two organic rings. 

Rebuilding our conceptual understanding 

First synthesized in 1951, ferrocene revolutionized chemistry with its unexpected stability and unique structure, eventually earning its discoverers the 1973 Nobel Prize in Chemistry. In many ways, ferrocene opened a new chapter in our understanding of metal-organic bonding and launched the modern field of organometallic chemistry, which continues to inspire generations of scientists to explore metal-organic compounds. 

This new study builds on that foundation. By designing a novel ligand system, the team was able to stabilize a ferrocene derivative with 20 valence electrons, coordination chemistry that was previously considered improbable. "Moreover, the additional two valence electrons induced an unconventional redox property that holds potential for future applications," Dr. Takebayashi noted. This is important because even though ferrocene is already used in reactions involving electron transfer, known as redox reactions, it has traditionally been limited to a narrow range of oxidation states. By enabling access to new oxidation states through the formation of an Fe-N bond in this derivative, it expands the ways in which ferrocene can gain or lose electrons. As a result, it could become even more useful as a catalyst or functional material across a variety of fields, from energy storage to chemical manufacturing. 

Understanding how to break and rebuild the rules of chemical stability enables researchers to design molecules with tailor-made properties. These insights could inspire new research aimed at advancing sustainable chemistry, including the development of green catalysts and next-generation materials. 

A platform for future innovation 




Ferrocene derivatives have already made their way into various technologies, from solar cells and pharmaceuticals to medical devices and advanced catalysts. By expanding the conceptual toolkit available to chemists, this latest breakthrough could help build on and diversify these applications while inspiring entirely new ones. 

The Organometallic Chemistry Group at OIST focuses on uncovering the fundamental principles that govern metal-organic interactions and applying them to real-world challenges. The team has a special interest in unconventional compounds that defy standard chemical rules, such as the 20-electron ferrocene derivative reported in this study. 

This work was supported by the Japan Society for the Promotion of Science (JSPS), the JSPS Program for Forming Japan's Peak Research Universities, the Instrumental Analysis and Engineering Sections of the Okinawa Institute of Science and Technology Graduate University (OIST), and the OIST Buribushi Fellowship. 
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Scientists discover salt that makes batteries last 10x longer | ScienceDaily
Scientists at King Abdullah University of Science and Technology (KAUST; Saudi Arabia) have uncovered a critical molecular cause keeping aqueous rechargeable batteries from becoming a safer, economical option for sustainable energy storage. Their findings, published in Science Advances, reveal how water compromises battery life and performance and how the addition of affordable salts - such as zinc sulfate - mitigates this issue, even increasing the battery lifespan by more than ten times.


						
One of the key determinants to the lifespan of a battery - aqueous or otherwise - is the anode. Chemical reactions at the anode generate and store the battery's energy. However, parasitic chemical reactions degrade the anode, compromising the battery lifespan.

The new study shows how free water contributes to these parasitic reactions and how zinc sulfate reduces the amount of free water in the battery.

"Our findings highlight the importance of water structure in battery chemistry, a key parameter that has been previously overlooked," said KAUST Professor and Chair of the KAUST Center of Excellence for Renewable Energy and Storage Technologies (CREST) Husam Alshareef, the principal investigator leading the study.

Free water describes water molecules that are not strongly bonded with other molecules. This state allows free water to engage with more molecules than otherwise, triggering unwanted reactions that consume energy and compromise the anode.

Sulfate was found to stabilize the bonds of free water, acting as what the KAUST team describes as a "water glue," to change dynamics of the water molecules that reduces the number of parasitic reactions.

While the bulk of experiments by the KAUST researchers were done on batteries using zinc sulfate, early investigation has shown that sulfate has the same effect on other metal anodes, suggesting the inclusion of sulfate salts into the battery design could be a universal solution for lengthening the lifespan of all aqueous batteries.

"Sulfate salts are cheap, widely available and chemically stable, making our solution scientifically and economically viable," said KAUST Research Scientist Yunpei Zhu, who conducted the bulk of the experiments.

Aqueous batteries are gaining significant global attention as a sustainable solution for large-scale energy storage and are projected to exceed a market size of $10 billion by 2030. Unlike lithium batteries, which are often used in electric vehicles, aqueous batteries offer a safer and more sustainable option for integrating renewable energy sources like solar power into electrical grids.

KAUST Professors Omar Mohammed, Omar Bakr, Xixiang Zhang, and Mani Sarathy also contributed to the study.
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Trapped by moon dust: The physics error that fooled NASA for years | ScienceDaily
When a multimillion-dollar extraterrestrial vehicle gets stuck in soft sand or gravel -- as did the Mars rover Spirit in 2009 -- Earth-based engineers take over like a virtual tow truck, issuing a series of commands that move its wheels or reverse its course in a delicate, time-consuming effort to free it and continue its exploratory mission.


						
While Spirit remained permanently stuck, in the future, better terrain testing right here on terra firma could help avert these celestial crises.

Using computer simulations, University of Wisconsin-Madison mechanical engineers have uncovered a flaw in how rovers are tested on Earth. That error leads to overly optimistic conclusions about how rovers will behave once they're deployed on extraterrestrial missions.

An important element in preparing for these missions is an accurate understanding of how a rover will traverse extraterrestrial surfaces in low gravity to prevent it from getting stuck in soft terrain or rocky areas.

On the moon, the gravitational pull is six times weaker than on Earth. For decades, researchers testing rovers have accounted for that difference in gravity by creating a prototype that is a sixth of the mass of the actual rover. They test these lightweight rovers in deserts, observing how it moves across sand to gain insights into how it would perform on the moon.

It turns out, however, that this standard testing approach overlooked a seemingly inconsequential detail: the pull of Earth's gravity on the desert sand.

Through simulation, Dan Negrut, a professor of mechanical engineering at UW-Madison, and his collaborators determined that Earth's gravity pulls down on sand much more strongly than the gravity on Mars or the moon does. On Earth, sand is more rigid and supportive -- reducing the likelihood it will shift under a vehicle's wheels. But the moon's surface is "fluffier" and therefore shifts more easily -- meaning rovers have less traction, which can hinder their mobility.




"In retrospect, the idea is simple: We need to consider not only the gravitational pull on the rover but also the effect of gravity on the sand to get a better picture of how the rover will perform on the moon," Negrut says. "Our findings underscore the value of using physics-based simulation to analyze rover mobility on granular soil."

The team recently detailed its findings in the Journal of Field Robotics.

The researchers' discovery resulted from their work on a NASA-funded project to simulate the VIPER rover, which had been planned for a lunar mission. The team leveraged Project Chrono, an open-source physics simulation engine developed at UW-Madison in collaboration with scientists from Italy. This software allows researchers to quickly and accurately model complex mechanical systems -- like full-size rovers operating on "squishy" sand or soil surfaces.

While simulating the VIPER rover, they noticed discrepancies between the Earth-based test results and their simulations of the rover's mobility on the moon. Digging deeper with Chrono simulations revealed the testing flaw.

The benefits of this research also extend well beyond NASA and space travel. For applications on Earth, Chrono has been used by hundreds of organizations to better understand complex mechanical systems -- from precision mechanical watches to U.S. Army trucks and tanks operating in off-road conditions.

"It's rewarding that our research is highly relevant in helping to solve many real-world engineering challenges," Negrut says. "I'm proud of what we've accomplished. It's very difficult as a university lab to put out industrial-strength software that is used by NASA."

Chrono is free and publicly available for unfettered use worldwide, but the UW-Madison team puts in significant ongoing work to develop and maintain the software and provide user support.




"It's very unusual in academia to produce a software product at this level," Negrut says. "There are certain types of applications relevant to NASA and planetary exploration where our simulator can solve problems that no other tool can solve, including simulators from huge tech companies, and that's exciting."

Since Chrono is open source, Negrut and his team are focused on continually innovating and enhancing the software to stay relevant.

"All our ideas are in the public domain and the competition can adopt them quickly, which is drives us to keep moving forward," he says. "We have been fortunate over the last decade to receive support from the National Science Foundation, U.S. Army Research Office and NASA. This funding has really made a difference, since we do not charge anyone for the use of our software."

Co-authors on the paper include Wei Hu of Shanghai Jiao Tong University, Pei Li of UW-Madison, Arno Rogg and Alexander Schepelmann of NASA, Samuel Chandler of ProtoInnovations, LLC, and Ken Kamrin of MIT.

This work was supported by NASA STTR (80NSSC20C0252), the National Science Foundation (OAC2209791) and the U.S. Army Research Office, (W911NF1910431 and W911NF1810476).
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AI turns immune cells into precision cancer killers-in just weeks | ScienceDaily
Precision cancer treatment on a larger scale is moving closer after researchers have developed an AI platform that can tailor protein components and arm the patient's immune cells to fight cancer. The new method, published in the scientific journal Science, demonstrates for the first time, that it is possible to design proteins in the computer for redirecting immune cells to target cancer cells through pMHC molecules.


						
This dramatically shortens the process of finding effective molecules for cancer treatment from years to a few weeks.

"We are essentially creating a new set of eyes for the immune system. Current methods for individual cancer treatment are based on finding so-called T-cell receptors in the immune system of a patient or donor that can be used for treatment. This is a very time-consuming and challenging process. Our platform designs molecular keys to target cancer cells using the AI platform, and it does so at incredible speed, so that a new lead molecule can be ready within 4-6 weeks," says Associate Professor at the Technical University of Denmark (DTU) and last author of the study Timothy P. Jenkins.

Targeted missiles against cancer

The AI platform, developed by a team from DTU and the American Scripps Research Institute, aims to solve a major challenge in cancer immunotherapy by demonstrating how scientists can generate target treatments for tumor cells and avoid damaging healthy tissue.

Normally, T cells naturally identify cancer cells by recognizing specific protein fragments, known as peptides, presented on the cell surface by molecules called pMHCs.It is a slow and challenging process to utilize this knowledge for therapy, often because the variation in the body's own T-cell receptors makes it challenging to create a personalized treatment.

Boosting the body's immune system

In the study, the researchers tested the strength of the AI platform on a well-known cancer target, NY-ESO-1, which is found in a wide range of cancers. The team succeeded in designing a minibinder that bound tightly to the NY-ESO-1 pMHC molecules. When the designed protein was inserted into T cells, it created a unique new cell product named 'IMPAC-T' cells by the researchers, which effectively guided the T cells to kill cancer cells in laboratory experiments.




"It was incredibly exciting to take these minibinders, which were created entirely on a computer, and see them work so effectively in the laboratory," says postdoc Kristoffer Haurum Johansen, co-author of the study and researcher at DTU.

The researchers also applied the pipeline to design binders for a cancer target identified in a metastatic melanoma patient, successfully generating binders for this target as well. This documented that the method also can be used for tailored immunotherapy against novel cancer targets.

Screening of treatments

A crucial step in the researchers' innovation was the development of a 'virtual safety check'. The team used AI to screen their designed minibinders and assess them in relation to pMHC molecules found on healthy cells. This method enabled them to filter out minibinders that could cause dangerous side effects before any experiments were carried out.

"Precision in cancer treatment is crucial. By predicting and ruling out cross-reactions already in the design phase, we were able to reduce the risk associated with the designed proteins and increase the likelihood of designing a safe and effective therapy," says DTU professor and co-author of the study Sine Reker Hadrup.

Five years to treatment

Timothy Patrick Jenkins expects that it will take up to five years before the new method is ready for initial clinical trials in humans. Once the method is ready, the treatment process will resemble current cancer treatments using genetically modified T cells, known as CAR-T cells, which are currently used to treat lymphoma and leukemia.Patients will first have blood drawn at the hospital, similar to a routine blood test. Their immune cells will then be extracted from this blood sample and modified in the laboratory to carry the AI-designed minibinders. These enhanced immune cells are returned to the patient, where they act like targeted missiles, precisely finding and eliminating cancer cells in the body.
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You've never seen atoms like this before: A hidden motion revealed | ScienceDaily
Researchers investigating atomic-scale phenomena impacting next-generation electronic and quantum devices have captured the first microscopy images of atomic thermal vibrations, revealing a new type of motion that could reshape the design of quantum technologies and ultrathin electronics.


						
Yichao Zhang, an assistant professor in the University of Maryland Department of Materials Science and Engineering, has developed an electron microscopy technique to directly image "moire phasons" -- a physical phenomenon that impacts superconductivity and heat conduction in two-dimensional materials for next-generation electronic and quantum devices. A paper about the research, which documents images of the thermal vibration of individual atoms for the first time, published July 24 in the journal Science. (See video link below.)

Two-dimensional materials, which are sheet-like structures a few nanometers thick, are being explored as new components of next-generation quantum and electronic devices. A feature in twisted two-dimensional materials are "moire phasons," critical to understanding the materials' thermal conductivity, electronic behavior, and structural order. Previously, moire phasons were difficult to detect experimentally, preventing further understanding of the materials that could revolutionize quantum technologies and energy-efficient electronics.

Zhang's research team took on this challenge by using a new technique called "electron ptychography," which achieved the highest resolution documented (better than 15 picometer) and detected blurring of individual atoms caused by thermal vibrations. Her work has revealed that spatially localized moire phasons dominate thermal vibrations of twisted two-dimensional materials, which fundamentally reshaped how scientists understand its impact.

The breakthrough study, which confirmed the longstanding theoretical predictions of moire phasons, also demonstrated that "electron ptychography" can be used to map thermal vibrations with atomic precision for the first time -- which was previously an experimental capability out of reach.

"This is like decoding a hidden language of atomic motion," said Zhang. "Electron ptychography lets us see these subtle vibrations directly. Now we have a powerful new method to explore previously hidden physics, which will accelerate discoveries in two dimensional quantum materials."

Zhang's research team will next focus on resolving how thermal vibrations are affected by defects and interfaces in quantum and electronic materials. Controlling the thermal vibration behavior of these materials could enable the design of novel devices with tailored thermal, electronic, and optical properties -- paving the way for advances in quantum computing, energy-efficient electronics, and nanoscale sensors.
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Harvard's ultra-thin chip could revolutionize quantum computing | ScienceDaily
    	New research shows that metasurfaces could be used as strong linear quantum optical networks
    	This approach could eliminate the need for waveguides and other conventional optical components
    	Graph theory is helpful for designing the functionalities of quantum optical networks into a single metasurface

In the race toward practical quantum computers and networks, photons -- fundamental particles of light -- hold intriguing possibilities as fast carriers of information at room temperature. Photons are typically controlled and coaxed into quantum states via waveguides on extended microchips, or through bulky devices built from lenses, mirrors, and beam splitters. The photons become entangled - enabling them to encode and process quantum information in parallel - through complex networks of these optical components. But such systems are notoriously difficult to scale up due to the large numbers and imperfections of parts required to do any meaningful computation or networking.

Could all those optical components could be collapsed into a single, flat, ultra-thin array of subwavelength elements that control light in the exact same way, but with far fewer fabricated parts?

Optics researchers in the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) did just that. The research team led by Federico Capasso, the Robert L. Wallace Professor of Applied Physics and Vinton Hayes Senior Research Fellow in Electrical Engineering, created specially designed metasurfaces -- flat devices etched with nanoscale light-manipulating patterns -- to act as ultra-thin upgrades for quantum-optical chips and setups.

The research was published in Science and funded by the Air Force Office of Scientific Research (AFOSR).

Capasso and his team showed that a metasurface can create complex, entangled states of photons to carry out quantum operations - like those done with larger optical devices with many different components.

"We're introducing a major technological advantage when it comes to solving the scalability problem," said graduate student and first author Kerolos M.A. Yousef. "Now we can miniaturize an entire optical setup into a single metasurface that is very stable and robust."

Metasurfaces: Robust and scalable quantum photonics processors




Their results hint at the possibility of paradigm-shifting optical quantum devices based not on conventional, difficult-to-scale components like waveguides and beam splitters, or even extended optical microchips, but instead on error-resistant metasurfaces that offer a host of advantages: designs that don't require intricate alignments, robustness to perturbations, cost-effectiveness, simplicity of fabrication, and low optical loss. Broadly speaking, the work embodies metasurface-based quantum optics which, beyond carving a path toward room-temperature quantum computers and networks, could also benefit quantum sensing or offer "lab-on-a-chip" capabilities for fundamental science

Designing a single metasurface that can finely control properties like brightness, phase, and polarization presented unique challenges because of the mathematical complexity that arises once the number of photons and therefore the number of qubits begins to increase. Every additional photon introduces many new interference pathways, which in a conventional setup would require a rapidly growing number of beam splitters and output ports.

Graph theory for metasurface design

To bring order to the complexity, the researchers leaned on a branch of mathematics called graph theory, which uses points and lines to represent connections and relationships. By representing entangled photon states as many connected lines and points, they were able to visually determine how photons interfere with each other, and to predict their effects in experiments. Graph theory is also used in certain types of quantum computing and quantum error correction but is not typically considered in the context of metasurfaces, including their design and operation.

The resulting paper was a collaboration with the lab of Marko Loncar, whose team specializes in quantum optics and integrated photonics and provided needed expertise and equipment.

"I'm excited about this approach, because it could efficiently scale optical quantum computers and networks -- which has long been their biggest challenge compared to other platforms like superconductors or atoms," said research scientist Neal Sinclair. "It also offers fresh insight into the understanding, design, and application of metasurfaces, especially for generating and controlling quantum light. With the graph approach, in a way, metasurface design and the optical quantum state become two sides of the same coin."

The research received support from federal sources including the AFOSR under award No. FA9550-21-1-0312. The work was performed at the Harvard University Center for Nanoscale Systems
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Google's deepfake hunter sees what you can't-even in videos without faces | ScienceDaily
In an era where manipulated videos can spread disinformation, bully people, and incite harm, UC Riverside researchers have created a powerful new system to expose these fakes.


						
Amit Roy-Chowdhury, a professor of electrical and computer engineering, and doctoral candidate Rohit Kundu, both from UCR's Marlan and Rosemary Bourns College of Engineering, teamed up with Google scientists to develop an artificial intelligence model that detects video tampering -- even when manipulations go far beyond face swaps and altered speech. (Roy-Chowdhury is also the co-director of the UC Riverside Artificial Intelligence Research and Education (RAISE) Institute, a new interdisciplinary research center at UCR.)

Their new system, called the Universal Network for Identifying Tampered and synthEtic videos (UNITE), detects forgeries by examining not just faces but full video frames, including backgrounds and motion patterns. This analysis makes it one of the first tools capable of identifying synthetic or doctored videos that do not rely on facial content.

"Deepfakes have evolved," Kundu said. "They're not just about face swaps anymore. People are now creating entirely fake videos -- from faces to backgrounds -- using powerful generative models. Our system is built to catch all of that."

UNITE's development comes as text-to-video and image-to-video generation have become widely available online. These AI platforms enable virtually anyone to fabricate highly convincing videos, posing serious risks to individuals, institutions, and democracy itself.

"It's scary how accessible these tools have become," Kundu said. "Anyone with moderate skills can bypass safety filters and generate realistic videos of public figures saying things they never said."

Kundu explained that earlier deepfake detectors focused almost entirely on face cues.




"If there's no face in the frame, many detectors simply don't work," he said. "But disinformation can come in many forms. Altering a scene's background can distort the truth just as easily."

To address this, UNITE uses a transformer-based deep learning model to analyze video clips. It detects subtle spatial and temporal inconsistencies -- cues often missed by previous systems. The model draws on a foundational AI framework known as SigLIP, which extracts features not bound to a specific person or object. A novel training method, dubbed "attention-diversity loss," prompts the system to monitor multiple visual regions in each frame, preventing it from focusing solely on faces.

The result is a universal detector capable of flagging a range of forgeries -- from simple facial swaps to complex, fully synthetic videos generated without any real footage.

"It's one model that handles all these scenarios," Kundu said. "That's what makes it universal."

The researchers presented their findings at the high ranking 2025 Conference on Computer Vision and Pattern Recognition (CVPR) in Nashville, Tenn. Titled "Towards a Universal Synthetic Video Detector: From Face or Background Manipulations to Fully AI-Generated Content," their paper, led by Kundu, outlines UNITE's architecture and training methodology. Co-authors include Google researchers Hao Xiong, Vishal Mohanty, and Athula Balachandra. Co-sponsored by the IEEE Computer Society and the Computer Vision Foundation, CVPR is among the highest-impact scientific publication venues in the world.

The collaboration with Google, where Kundu interned, provided access to expansive datasets and computing resources needed to train the model on a broad range of synthetic content, including videos generated from text or still images -- formats that often stump existing detectors.

Though still in development, UNITE could soon play a vital role in defending against video disinformation. Potential users include social media platforms, fact-checkers, and newsrooms working to prevent manipulated videos from going viral.

"People deserve to know whether what they're seeing is real," Kundu said. "And as AI gets better at faking reality, we have to get better at revealing the truth."
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Hubble caught a star exploding - and it's helping map the cosmos | ScienceDaily
The swirling spiral galaxy in this NASA/ESA Hubble Space Telescope Picture of the Week is NGC 3285B, which resides 137 million light-years away in the constellation Hydra (The Water Snake). Hydra has the largest area of the 88 constellations that cover the entire sky in a celestial patchwork. It's also the longest constellation, stretching 100 degrees across the sky. It would take nearly 200 full Moons, placed side by side, to reach from one side of the constellation to the other.


						
NGC 3285B is a member of the Hydra I cluster, one of the largest galaxy clusters in the nearby Universe. Galaxy clusters are collections of hundreds to thousands of galaxies that are bound to one another by gravity. The Hydra I cluster is anchored by two giant elliptical galaxies at its center. Each of these galaxies is about 150,000 light-years across, making them about 50% larger than our home galaxy, the Milky Way.

NGC 3285B sits on the outskirts of its home cluster, far from the massive galaxies at the center. This galaxy drew Hubble's attention because it hosted a Type Ia supernova in 2023. Type Ia supernovae happen when a type of condensed stellar core called a white dwarf detonates, igniting a sudden burst of nuclear fusion that briefly shines about 5 billion times brighter than the Sun. The supernova, named SN 2023xqm, is visible here as a bluish dot on the left edge of the galaxy's disc.

Hubble observed NGC 3285B as part of an observing program that targeted 100 Type Ia supernovae. By viewing each of these supernovae in ultraviolet, optical, and near-infrared light, researchers aim to disentangle the effects of distance and dust, both of which can make a supernova appear redder than it actually is. This program will help refine cosmic distance measurements that rely on observations of Type Ia supernovae.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        How AI is supercharging plant immunity to fight deadly bacteria
        Scientists have used artificial intelligence to upgrade plant immune systems, potentially revolutionizing how crops like tomatoes and potatoes can defend against harmful bacteria. By reengineering plant receptors that recognize bacterial threats, they are enhancing plant resistance and preparing for a future of more resilient crops.

      

      
        Drones reveal 41,000-turtle nesting mega-site hidden in the Amazon
        A team at the University of Florida used drones and smart modeling to accurately count over 41,000 endangered turtles nesting along the Amazon's Guapore River--revealing the world's largest known turtle nesting site. Their innovative technique, combining aerial imagery with statistical correction for turtle movement, exposes major flaws in traditional counting methods and opens doors to more precise wildlife monitoring worldwide.

      

      
        400-million-year-old fish exposes big mistake in how we understood evolution
        A fish thought to be evolution's time capsule just surprised scientists. A detailed dissection of the coelacanth -- a 400-million-year-old species often called a "living fossil" -- revealed that key muscles believed to be part of early vertebrate evolution were actually misidentified ligaments. This means foundational assumptions about how vertebrates, including humans, evolved to eat and breathe may need to be rewritten. The discovery corrects decades of anatomical errors, reshapes the story of sk...

      

      
        Clockwork from scratch: How scientists made timekeeping cells
        Scientists at UC Merced have engineered artificial cells that can keep perfect time--mimicking the 24-hour biological clocks found in living organisms. By reconstructing circadian machinery inside tiny vesicles, the researchers showed that even simplified synthetic systems can glow with a daily rhythm--if they have enough of the right proteins.

      

      
        Digital twins are reinventing clean energy -- but there's a catch
        Researchers are exploring AI-powered digital twins as a game-changing tool to accelerate the clean energy transition. These digital models simulate and optimize real-world energy systems like wind, solar, geothermal, hydro, and biomass. But while they hold immense promise for improving efficiency and sustainability, the technology is still riddled with challenges--from environmental variability and degraded equipment modeling to data scarcity and complex biological processes.

      

      
        Did humans learn to walk in trees?
        In the quest to understand how and why early humans started walking on two legs, scientists are now looking to chimpanzees living in dry, open savannah-like environments for clues. A new study reveals that these chimpanzees, despite the open terrain, still frequently climb trees to gather fruit and other foods found high in the canopy. Their behavior suggests that bipedalism may not have evolved purely as a response to ground-based travel, but also for safe and efficient movement within trees.

      

      
        The real-life Kryptonite found in Serbia--and why it could power the future
        Deep in Serbia's Jadar Valley, scientists discovered a mineral with an uncanny resemblance to Superman's Kryptonite both in composition and name. Dubbed jadarite, this dull white crystal lacks the glowing green menace of its comic book counterpart but packs a punch in the real world. Rich in lithium and boron, jadarite could help supercharge the global transition to green energy.

      

      
        Eggs are off the hook--study reveals bacon's the real heart risk
        Eggs are finally being vindicated after decades of cholesterol-related blame. New research from the University of South Australia reveals that eggs, despite their cholesterol content, aren't the dietary villains they've long been made out to be. Instead, it's the saturated fats found in foods like bacon and sausage that actually elevate harmful LDL cholesterol levels. In a world-first study, researchers showed that eating two eggs a day, as part of a low saturated fat diet, can even help reduce L...

      

      
        Deep-sea fish just changed what we know about Earth's carbon cycle
        Mesopelagic fish, long overlooked in ocean chemistry, are now proven to excrete carbonate minerals much like their shallow-water counterparts--despite living in dark, high-pressure depths. Using the deep-dwelling blackbelly rosefish, researchers have demonstrated that carbonate production is consistent across ocean layers, bolstering global carbon cycle models. These findings reveal that these abundant fish play a hidden but crucial role in regulating Earth's ocean chemistry and could reshape how ...

      

      
        Satellites just revealed a hidden global water crisis--and it's worse than melting ice
        For over two decades, satellites have quietly documented a major crisis unfolding beneath our feet: Earth's continents are drying out at unprecedented rates. Fueled by climate change, groundwater overuse, and extreme drought, this trend has carved out four massive "mega-drying" regions across the northern hemisphere, threatening freshwater supplies for billions. Groundwater loss alone now contributes more to sea level rise than melting ice sheets, and unless urgent global water policies are enact...

      

      
        Is the air you breathe silently fueling dementia? A 29-million-person study says yes
        Air pollution isn't just bad for your lungs--it may be eroding your brain. In a sweeping review covering nearly 30 million people, researchers found that common pollutants like PM2.5, nitrogen dioxide, and soot are all linked to a significantly higher risk of dementia. The most dangerous? PM2.5--tiny particles from traffic and industry that can lodge deep in your lungs and reach your brain.

      

      
        This plastic disappears in the deep sea--and microbes make it happen
        A new eco-friendly plastic called LAHB has shown it can biodegrade even in the extreme environment of the deep ocean, unlike conventional plastics that persist for decades. In real-world underwater testing nearly a kilometer below the surface, LAHB lost more than 80% of its mass after 13 months, while traditional PLA plastic remained completely intact. The secret? Colonies of deep-sea microbes actively broke down the material using specialized enzymes, converting it into harmless byproducts like ...

      

      
        The oceans are overheating--and scientists say a climate tipping point may be here
        In 2023, the world's oceans experienced the most intense and widespread marine heatwaves ever recorded, with some events persisting for over 500 days and covering nearly the entire globe. These searing ocean temperatures are causing mass coral bleaching and threatening fisheries, while also signaling deeper, system-wide climate changes.

      

      
        Scientists modeled nuclear winter--the global food collapse was worse than expected
        What would happen if a nuclear war triggered a climate-altering catastrophe? Researchers have modeled how such a scenario could devastate global corn crops cutting production by as much as 87% due to blocked sunlight and increased UV-B radiation. Using advanced climate-agriculture simulations, they propose a survival strategy: emergency resilience kits containing fast-growing, cold-tolerant seeds that could keep food systems afloat not just after nuclear war, but also after volcanic eruptions or ...

      

      
        Ivermectin: The mosquito-killing pill that dropped malaria by 26%
        A groundbreaking study has revealed that the mass administration of ivermectin--a drug once known for treating river blindness and scabies--can significantly reduce malaria transmission when used in conjunction with bed nets.

      

      
        Millipedes make ants dizzy -- and might soon treat human pain
        Millipedes, often dismissed as creepy crawlies, may hold the secret to future painkillers and neurological drugs. Researchers at Virginia Tech discovered unique alkaloid compounds in the defensive secretions of a native millipede species. These complex molecules, which cause disorientation in ants, interact with human neuroreceptors linked to pain and cognition. By decoding these natural chemical defenses, scientists could open a new path toward innovative drug therapies, though challenges remain...

      

      
        This sugar substitute does more than sweeten -- it kills cancer cells
        Fermenting stevia with a banana leaf-derived probiotic turns it into a powerful cancer-fighting agent that kills pancreatic cancer cells while sparing healthy ones. The secret lies in a metabolite called CAME, produced through microbial transformation.
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How AI is supercharging plant immunity to fight deadly bacteria | ScienceDaily
Scientists at the University of California, Davis, used artificial intelligence to help plants recognize a wider range of bacterial threats -- which may lead to new ways to protect crops like tomatoes and potatoes from devastating diseases. The study was published in Nature Plants.


						
Plants, like animals, have immune systems. Part of their defense toolkit includes immune receptors, which give them the ability to detect bacteria and defend against it. One of those receptors, called FLS2, helps plants recognize flagellin -- a protein in the tiny tails bacteria use to swim. But bacteria are sneaky and constantly evolving to avoid detection.

"Bacteria are in an arms race with their plant hosts, and they can change the underlying amino acids in flagellin to evade detection," said lead author Gitta Coaker, professor in the Department of Plant Pathology.

To help plants keep up, Coaker's team turned to using natural variation coupled with artificial intelligence -- specifically AlphaFold, a tool developed to predict the 3D shape of proteins and reengineered FLS2, essentially upgrading its immune system to catch more intruders.

The team focused on receptors already known to recognize more bacteria, even if they weren't found in useful crop species. By comparing them with more narrowly focused receptors, the researchers were able to identify which amino acids to change.

"We were able to resurrect a defeated receptor, one where the pathogen has won, and enable the plant to have a chance to resist infection in a much more targeted and precise way," Coaker said.

Why it matters

Coaker said this opens the door to developing broad-spectrum disease resistance in crops using predictive design.




One of the researchers' targets is a major crop threat: Ralstonia solanacearum, the cause of bacterial wilt. Some strains of the soil-borne pathogen can infect more than 200 plant species, including staple crops like tomato and potato.

Looking ahead, the team is developing machine learning tools to predict which immune receptors are worth editing in the future. They're also trying to narrow down the number of amino acids that need to be changed.

This approach could be used to boost the perception capability of other immune receptors using a similar strategy.

Other authors of the study include Tianrun Li, Esteban Jarquin Bolanos, Danielle M. Stevens and Hanxu Sha of UC Davis and Daniil M. Prigozhin of Lawrence Berkeley National Laboratory.

The research was supported by the National Institutes of Health and the United States Department of Agriculture's National Institute for Food and Agriculture.
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Drones reveal 41,000-turtle nesting mega-site hidden in the Amazon | ScienceDaily
A University of Florida research team has developed a more accurate way to count wildlife using drones -- an innovation that helped confirm the world's largest known nesting site for a threatened turtle species.


						
By combining aerial imagery with statistical modeling, the researchers documented more than 41,000 Giant South American River Turtles gathered along the Amazon's Guapore River. Their findings, published in the Journal of Applied Ecology, offer a new tool for conservationists seeking to monitor vulnerable animal populations with greater precision.

"We describe a novel way to more efficiently monitor animal populations," said lead study author Ismael Brack, a post-doctoral researcher within the UF Institute of Food and Agricultural Sciences' (UF/IFAS) School of Forest, Fisheries and Geomatics Sciences. "And although the method is used to count turtles, it could also be applied to other species."

The project began with Wildlife Conservation Society (WCS) researchers in Brazil, Colombia and Bolivia. One of the species the New York-based organization monitors is the Giant South American River Turtle, which is threatened by poachers who sell its meat and eggs. The turtles are exceptionally social creatures, and females congregate each year in July or August to nest in the Guapore River sandbanks between Brazil and Bolivia.

Brack met WCS scientists at a conference, and they shared how they use drones to count the turtles, he said. They create orthomosaics, which are highly detailed, high-resolution composite images made by stitching together hundreds of overlapping aerial photographs.

Counting the animals shown in orthomosaics is a quicker, more accurate and less-invasive approach than counting animals from the ground. The method alone, however, doesn't account for the fact that animals sometimes move during observation.

Together, researchers from UF and the WCS developed a method that improves counting accuracy by eliminating multiple sources of error, including double counts (the same individual counted multiple times) and missed individuals.




Researchers used white paint to mark the shells of 1,187 turtles gathering on an island sandbank within the Guapore River, according to the study. Over 12 days, a drone flew overhead on a meticulous, back-and-forth path four times a day and snapped 1,500 photos each time. Using software, scientists stitched the photos together, and researchers reviewed the composite images.

They recorded each turtle, if its shell was marked and whether the animal was nesting or walking when photographed. Equipped with this data, they developed probability models that account for individuals entering and leaving the area, observed turtle behaviors and the likelihood of detecting an identifiable shell mark.

The models revealed several potential sources of error that could arise from traditional orthomosaic-based counts, according to the study. Only 35% of the turtles that used the sandbank, for example, were present during drone flights. And, on average, 20% of the those detected walking appeared multiple times in orthomosaics -- some as many as seven times.

Observers on the ground counted about 16,000 turtles, according to the study. Researchers who reviewed the orthomosaics but didn't account for animal movement or shell markings counted about 79,000 turtles. When they applied their models, however, they estimated about 41,000 turtles.

"These numbers vary greatly, and that's a problem for conservationists," Brack said. "If scientists are unable to establish an accurate count of individuals of a species, how will they know if the population is in decline or whether efforts to protect it are successful?"

The study describes ways to adapt and apply the approach to conservation efforts involving other species surveyed by drone-derived orthomosaics. Past monitoring studies, for example, have involved clipping seals' fur, attaching high-visibility collars to elk and marking mountain goats with paintball pellets to keep track of animal movement during counts.

The research team plans to perfect monitoring methods by conducting additional drone flights at the Guapore River nesting site and in other South American countries where the Giant South American River Turtle gathers, including in Colombia and possibly Peru and Venezuela, Brack said.

"By combining information from multiple surveys, we can detect population trends, and the Wildlife Conservation Society will know where to invest in conservation actions," he said.
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400-million-year-old fish exposes big mistake in how we understood evolution | ScienceDaily
The coelacanth is known as a "living fossil" because its anatomy has changed little in the last 65 million years. Despite being one of the most studied fish in history, it continues to reveal new information that could transform our understanding of vertebrate evolution. This is revealed in a study published in the journal Science Advances by researchers from the University of Sao Paulo (USP) in Brazil and the Smithsonian Institution in the United States.


						
Upon re-examining the cranial musculature of the African coelacanth (Latimeria chalumnae), the authors discovered that only 13% of the previously identified evolutionary muscle novelties for the largest vertebrate lineages were accurate. The study also identified nine new evolutionary transformations related to innovations in feeding and respiration in these groups.

"Ultimately, it's even more similar to cartilaginous fish [sharks, rays, and chimaeras] and tetrapods [birds, mammals, amphibians, and reptiles] than previously thought. And even more distinct from ray-finned fish, which make up about half of living vertebrates," says Alessio Datovo, a professor at the Museum of Zoology (MZ) at USP supported by FAPESP, who led the study.

Among the evolutionary novelties erroneously identified as present in coelacanths are muscles responsible for actively expanding the buccopharyngeal cavity, which extends from the mouth to the pharynx. This set of muscles is directly related to food capture and respiration. However, the study showed that these supposed muscles in coelacanths were actually ligaments, which are structures incapable of contraction.

Ray-finned fish (actinopterygii) and lobe-finned fish (sarcopterygii) diverged from a common ancestor approximately 420 million years ago. The sarcopterygii include fish such as coelacanths and lungfish, as well as all other tetrapods, because they evolved from an aquatic ancestor. These include mammals, birds, reptiles, and amphibians.

In ray-finned fish, such as aquarium carp, it is easy to see how the mouth moves to suck in food. This ability gave actinopterygii a significant evolutionary advantage; today, they comprise about half of all living vertebrates.

This is a fundamental difference from other fish, such as coelacanths and sharks, which primarily feed by biting their prey.




"In previous studies, it was assumed that this set of muscles that would give greater suction capacity was also present in coelacanths and, therefore, would have evolved in the common ancestor of bony vertebrates, which we now show isn't true. This only appeared at least 30 million years later, in the common ancestor of living ray-finned fish," points out Datovo.

Behind the scenes

Coelacanths are extremely rare fish that live about 300 meters below the surface of the water and spend their days in underwater caves.

One reason they have changed so little since the extinction of the dinosaurs is that they have few predators and live in a relatively protected environment. This has resulted in slow changes to their genome, as shown by a 2013 study published in the journal Nature.

Coelacanths were first known only from fossils from about 400 million years ago. It was not until 1938 that a living animal was discovered, much to the astonishment of scientists. In 1999, another species (Latimeria chalumnae) was discovered in Asian waters.

Due to the rarity of specimens in museums, researchers from USP and the Smithsonian Institution's National Museum of Natural History had to persevere to find an institution willing to lend animals for dissection.




The Field Museum in Chicago and the Virginia Institute of Marine Science, both in the United States, finally agreed to lend one specimen each. According to Datovo, G. David Johnson, co-author of the article, deserves credit for obtaining the loan.

Johnson, born in 1945, was "probably the greatest fish anatomist of his time," according to Datovo. He died in November 2024 after a domestic accident while the study was under review.

Contribution

"Contrary to what it may seem, dissecting a specimen does not mean destroying it as long as it's done properly," says Datovo.

The researcher, who has been conducting this type of study for over 20 years, spent six months separating all the muscles and skull bones of the coelacanth. These structures are now preserved and can be studied individually by other scientists, eliminating the need to dissect a new animal.

Seeing each muscle and nerve firsthand allowed the authors to identify what was actually in the coelacanth's head with certainty, point out previously undescribed structures, and correct errors that had been repeated in the scientific literature for over 70 years.

"There were many contradictions in the literature. When we finally got to examine the specimens, we detected more errors than we'd imagined. For example, 11 structures described as muscles were actually ligaments or other types of connective tissue. This has a drastic consequence for the functioning of the mouth and breathing, because muscles perform movement, while ligaments only transmit it," he explains.

Due to the position of coelacanths in the vertebrate tree of life, the discovery impacts our understanding of cranial evolution in all other large vertebrate groups.

With this information, the researcher used three-dimensional microtomography images of the skulls of other groups of fish, both extinct and living. These images are made available by other researchers who study fish anatomy when they perform 3D scans.

From images of the skull bones of other fish from completely extinct lineages, Datovo and Johnson were able to infer where the muscles found in coelacanths would fit, elucidating the evolution of these muscles in the first jawed vertebrates. In future work, Datovo intends to analyze similarities with the muscles of tetrapods, such as amphibians and reptiles.
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Clockwork from scratch: How scientists made timekeeping cells | ScienceDaily
A team of UC Merced researchers has shown that tiny artificial cells can accurately keep time, mimicking the daily rhythms found in living organisms. Their findings shed light on how biological clocks stay on schedule despite the inherent molecular noise inside cells.


						
The study, recently published in Nature Communications, was led by bioengineering Professor Anand Bala Subramaniam and chemistry and biochemistry Professor Andy LiWang. The first author, Alexander Zhang Tu Li, earned his Ph.D. in Subramaniam's lab.

Biological clocks -- also known as circadian rhythms -- govern 24-hour cycles that regulate sleep, metabolism and other vital processes. To explore the mechanisms behind the circadian rhythms of cyanobacteria, the researchers reconstructed the clockwork in simplified, cell-like structures called vesicles. These vesicles were loaded with core clock proteins, one of which was tagged with a fluorescent marker.

The artificial cells glowed in a regular 24-hour rhythm for at least four days. However, when the number of clock proteins was reduced or the vesicles were made smaller, the rhythmic glow stopped. The loss of rhythm followed a reproducible pattern.

To explain these findings, the team built a computational model. The model revealed that clocks become more robust with higher concentrations of clock proteins, allowing thousands of vesicles to keep time reliably -- even when protein amounts vary slightly between vesicles.

The model also suggested another component of the natural circadian system -- responsible for turning genes on and off -- does not play a major role in maintaining individual clocks but is essential for synchronizing clock timing across a population.

The researchers also noted that some clock proteins tend to stick to the walls of the vesicles, meaning a high total protein count is necessary to maintain proper function.




"This study shows that we can dissect and understand the core principles of biological timekeeping using simplified, synthetic systems," Subramaniam said.

The work led by Subramaniam and LiWang advances the methodology for studying biological clocks, said Mingxu Fang, a microbiology professor at Ohio State University and an expert in circadian clocks.

"The cyanobacterial circadian clock relies on slow biochemical reactions that are inherently noisy, and it has been proposed that high clock protein numbers are needed to buffer this noise," Fang said. "This new study introduces a method to observe reconstituted clock reactions within size-adjustable vesicles that mimic cellular dimensions. This powerful tool enables direct testing of how and why organisms with different cell sizes may adopt distinct timing strategies, thereby deepening our understanding of biological timekeeping mechanisms across life forms."

Subramaniam is a faculty member in the Department of Bioengineering and an affiliate of the Health Sciences Research Institute (HSRI). LiWang is a faculty member in the Department of Chemistry and Biochemistry, also affiliated with HSRI. He is a fellow of the American Academy of Microbiology and the 2025 recipient of the Dorothy Crowfoot Hodgkin Award from The Protein Society.

The work was supported by Subramaniam's National Science Foundation CAREER award from the Division of Materials Research and by grants from the National Institutes of Health and Army Research Office awarded to LiWang. LiWang was supported by a fellowship from the NSF CREST Center for Cellular and Biomolecular Machines at UC Merced.
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Digital twins are reinventing clean energy - but there's a catch | ScienceDaily
As the world grapples with the urgent need to reduce carbon emissions and combat climate change, researchers at the University of Sharjah are turning to a cutting-edge technology that could reshape the future of energy: AI-powered digital twins.


						
According to the researchers, these digital replicas of the physical world have the potential to transform the generation, management, and optimization of energy across diverse clean energy platforms, accelerating the transition away from fossil fuels, which environmental scientists associate with global warming.

Digital twins' ability to replicate and interact with complex systems has made them a cornerstone of innovation across industries, driving improvements in efficiency, cost reduction, and the development of novel solutions.

However, the scientists caution that current digital twin models still face notable limitations that restrict their full potential in harnessing energy from sources such as wind, solar, geothermal, hydroelectric, and biomass.

"Digital twins are highly effective in optimizing renewable energy systems," the researchers write in the journal Energy Nexus. "Yet, each energy source presents unique challenges -- ranging from data variability and environmental conditions to system complexity -- that can limit the performance of digital twin technologies, despite their considerable promise in improving energy generation and management."

In their study, the authors conducted an extensive review of existing literature on the application of digital twins in renewable energy systems. They examined various contexts, functions, lifecycles, and architectural frameworks to understand how digital twins are currently being utilized and where gaps remain.

To extract meaningful insights, the researchers employed advanced text mining techniques, leveraging artificial intelligence, machine learning, and natural language processing. This scientifically rigorous approach enabled them to analyze large volumes of raw data and uncover structured patterns, concepts, and emerging trends.




From this in-depth analysis, the authors drew several key conclusions. They identified research gaps, proposed new directions, and outlined the challenges that must be addressed to fully harness the potential of digital twin technology in the renewable energy sector.

Following a detailed discussion on the integration of digital twins across various renewable energy applications, the authors summarized their most significant findings across five major energy sources: wind, solar, geothermal, hydroelectric, and biomass. Each source presents unique opportunities and challenges, and the study offers a comprehensive overview of how digital twins can be tailored to optimize performance in each domain.

The study reveals that digital twins offer significant advantages across various renewable energy systems:

Wind Energy: Digital twins can predict unknown parameters and correct inaccurate measurements, enhancing system reliability and performance.

Solar Energy: They help identify key factors that influence efficiency and output power, enabling better system design and optimization.

Geothermal Energy: Digital twins can simulate the entire operational process -- particularly drilling -- facilitating cost analysis and reducing both time and expenses.




Hydroelectric Energy: The AI-driven models simulate system dynamics to identify influencing factors. In older hydro plants, they are used to mitigate the impact of worker fatigue on productivity.

Biomass Energy: Digital twins improve performance and management by offering deep insights into operational processes and plant configurations.

But the authors' contribution to the field stands out in highlighting critical limitations in the application of digital twin technology across these energy sources. Their analysis underscores the need for more robust models that can address specific challenges unique to each renewable energy system.

The authors identify several limitations in the application of digital twins across different renewable energy systems:

Wind Energy: Digital twins face challenges in accurately modeling and monitoring environmental conditions. They struggle to simulate critical factors such as blade erosion, gearbox degradation, and electrical system performance -- particularly in aging turbines.

Solar Energy: Despite their potential, digital twins still fall short in reliably predicting long-term performance. They have difficulty tracking panel degradation and accounting for environmental influences over time, which affects their accuracy and usefulness.

Geothermal Energy: A major obstacle is the lack of high-quality data, which hampers the ability of digital twins to simulate geological uncertainties and subsurface conditions. The technology also faces complexity in modeling the long-term behavior of geothermal systems, including heat transfer and fluid flow dynamics.

Hydroelectric energy: Applied to hydroelectric projects, digital twins face challenges in accurately modeling water flow variability and in capturing environmental and ecological constraints. These limitations reduce their effectiveness in optimizing system performance and sustainability.

biomass energy: When used with biomass energy systems, digital twins still struggle to simulate the entire production supply chain. They fall short in providing precise models for biological processes, biomass conversion, and the complex biochemical and thermochemical reactions involved.

The authors emphasize the broader implications of these shortcomings for the renewable energy sector. To address these challenges, they offer a set of guidelines and a research roadmap aimed at helping scientists enhance the reliability and precision of digital twin technologies.

Their recommendations focus on improving data collection methods, advancing modeling techniques, and expanding computational capabilities to ensure digital twins can deliver trustworthy insights for decision-making and system optimization.
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Did humans learn to walk in trees? | ScienceDaily
It's hard to tell when -- and why -- our ancestors got down from trees and started walking on two legs. Many early hominins capable of bipedal walking were also well-adapted for climbing, and we lack fossil evidence from a key period when climate change turned forests into open, dry woodland called savannah-mosaic, which might have pushed hominins onto the ground. Now a study on modern chimpanzees could help fill in the gaps. Scientists observing chimpanzees in the Issa Valley, Tanzania have shown that despite living in a savannah-mosaic, they frequently climb trees for valuable food -- potentially explaining why early hominins kept their arboreal adaptations.


						
"For decades it was assumed that bipedalism arose because we came down from the trees and needed to walk across an open savannah," said Dr Rhianna Drummond-Clarke of the Max Planck Institute for Evolutionary Anthropology, lead author of the article in Frontiers in Ecology and Evolution. "Here we show that safely and effectively navigating the canopy can remain very important for a large, semi-arboreal ape, even in open habitat. Adaptations to arboreal, rather than terrestrial, living may have been key in shaping the early evolution of the human lineage."

Habitats and hunger 

Issa Valley is divided between a small amount of thick forest surrounding riverbanks and open woodland. The chimpanzees forage more in the woodland during the dry season, when it offers more food. Their habitat and diet are comparable to those of some early hominins, which means their behavior might offer insights into those extinct hominins' lives.

"Our previous research found that, compared to chimpanzees living in forests, Issa Valley chimpanzees spent just as much time moving in the trees," said Drummond-Clarke. "We wanted to test if something about how they foraged could explain their unexpectedly high arboreality. Savannah-mosaics are characterized by more sparsely distributed trees, so we hypothesized that adapting behavior to forage efficiently in a tree would be especially beneficial when the next tree is further away."

Researchers monitored the adults of the Issa community during the dry season, watching how they foraged in trees and what they ate there. The size, height, and shape of the trees were recorded, as well as the number and size of branches.

Issa chimpanzees mostly ate fruit, followed by leaves and flowers -- foods found at the ends of branches, so the chimpanzees needed to be capable climbers to reach them safely. They spent longer foraging in trees that were larger and offered more food. The longest foraging sessions, and the most specialized behaviors to navigate thinner terminal branches, were seen in trees with large open crowns offering lots of food: perhaps abundant food justified the extra time and effort. A similar trade-off between the nutritional benefits of specific foods and the effort of acquiring them could also explain why chimpanzees spent longer in trees while eating nutritionally-rich, hard-to-access seeds.




Fast food 

Because they are relatively large, chimpanzees move within trees not by climbing on thin branches but by hanging under them, or standing upright and holding on to nearby branches with their hands. Although these 'safe' behaviors are traditionally associated with foraging in dense forest, these findings show they're also important for chimpanzees foraging in a savannah-mosaic.

"We suggest our bipedal gait continued to evolve in the trees even after the shift to an open habitat," said Drummond-Clarke. "Observational studies of great apes demonstrate they can walk on the ground for a few steps, but most often use bipedalism in the trees. It's logical that our early hominin relatives also engaged in this kind of bipedalism, where they can hold onto branches for extra balance. If Issa Valley chimpanzees can be considered suitable models, suspensory and bipedal behaviors were likely vital for a large-bodied, fruit-eating, semi-terrestrial hominin to survive in an open habitat."

However, the researchers say that we need more fossil evidence and more studies on different aspects of chimpanzee foraging to test this idea.

"This study only looked at foraging behavior during the dry season," cautioned Drummond-Clarke. "It would be interesting to investigate if these patterns remain during the wet season. Analyses of the nutritional value of foods and overall food availability are also needed to test our hypothesis that a strategy of foraging for longer in large trees on certain foods is energy-efficient in an open habitat.

"Importantly, this is also only one community of chimpanzees. Future studies of other chimpanzees living in such dry, open habitats will be vital to see if these patterns are truly a savannah-mosaic signal or unique to Issa."
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The real-life Kryptonite found in Serbia-and why it could power the future | ScienceDaily
    	Jadarite has been likened to Superman's 'kryptonite' based on their similar chemical compositions.
    	It was discovered in the Jadar Valley of Serbia and officially recognized as a new mineral in 2006.
    	Whilst lacking any actual superpowers, jadarite has great potential as an important resource of lithium and boron.

Kryptonite's twin on Earth 

Described as 'Earth's kryptonite twin', jadarite is a rare and fascinating mineral that quickly caught the attention of scientists and Superman fans alike.

The mineral was discovered by exploration geologists from Rio Tinto in 2004 in the Jadar Valley of Serbia. Its chemical composition is exactly like the fictional kryptonite right out of the comic books -- with a few differences. Where kryptonite glows green and weakens superheroes, jadarite offers immense potential for Earth's energy transition away from fossil fuels.

A new mineral on the scene 

Jadarite was identified by Rio Tinto geologists during exploration drilling and didn't match any known mineral at the time. After analysis by the Natural History Museum in London and the National Research Council of Canada, it was officially recognised as a new mineral in 2006.

Jadarite is a "sodium lithium boron silicate hydroxide" mineral, coincidentally the same scientific name written on a case containing kryptonite stolen by Lex Luther from a museum in the film Superman Returns.




While the film version of kryptonite contains fluorine and glows an eery green, the chemical formula of the real version is LiNaSiB3O7(OH) and is a much less supernatural dull white -- though it does fluoresce a pinkish-orange under UV light.

Super in its own right 

Michael Page, a scientist with Australia's Nuclear Science and Technology Organisation (ANSTO), said that the mineral is 'super' in its own right.

"While lacking any supernatural powers the real jadarite has great potential as an important source of lithium and boron," Michael said.

"In fact, the Jadar deposit where it was first discovered is considered one of the largest lithium deposits in the world, making it a potential game-changer for the global green energy transition."

ANSTO is one of the three supporting agencies of the Australian Critical Minerals R&D Hub, alongside Geoscience Australia and CSIRO, hosted by CSIRO. One of the Hub's key missions is to better connect Australia's R&D ecosystem, including Australian industry, to enable access and utilization of critical minerals to strengthen Australia's value chain domestically and across the globe.

The work that ANSTO does has a significant focus on how these critical minerals, such as jadarite, can be utilised to support Australian industry in a commercial capacity.

"At ANSTO, we work with industry to develop process solutions for many critical elements including lithium, and the challenges posed by a new type of mineral resource are very exciting," Michael said.

ANSTO has produced battery grade lithium chemicals from many different mineral deposits, such as spodumene, lepidolite and even jadarite, ensuring that Australian miners receive the support they need to meet the challenges of the energy transition.
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Eggs are off the hook-study reveals bacon's the real heart risk | ScienceDaily
From poached to panfried, when it comes to eggs, it's all sunny side up, as new research from the University of South Australia confirms that this breakfast favourite won't crack your cholesterol.


						
Long blamed for high cholesterol, eggs have been beaten up for their assumed role in cardiovascular disease (CVD). Now, UniSA researchers have shown definitively that it's not dietary cholesterol in eggs but the saturated fat in our diets that's the real heart health concern.

In a world-first study, researchers examined the independent effects of dietary cholesterol and saturated fat on LDL cholesterol (the 'bad' kind), finding that eating two eggs a day - as part of a high cholesterol but low saturated fat diet - can actually reduce LDL levels and lower the risk of heart disease.

CVD is the leading cause of death worldwide, responsible for nearly 18 million deaths each year. In Australia, one person dies from CVD every 12 minutes, accounting for one in four of deaths nationwide.

Lead researcher, UniSA's Professor Jon Buckley, says it's time to rethink the reputation of eggs.

"Eggs have long been unfairly cracked by outdated dietary advice," Prof Buckley says.

"They're unique - high in cholesterol, yes, but low in saturated fat. Yet it's their cholesterol level that has often caused people to question their place in a healthy diet.




"In this study, we separated the effects of cholesterol and saturated fat, finding that high dietary cholesterol from eggs, when eaten as part of a low saturated fat diet, does not raise bad cholesterol levels.

"Instead, it was the saturated fat that was the real driver of cholesterol elevation.

"You could say we've delivered hard-boiled evidence in defense of the humble egg.

"So, when it comes to a cooked breakfast, it's not the eggs you need to worry about - it's the extra serve of bacon or the side of sausage that's more likely to impact your heart health."
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Deep-sea fish just changed what we know about Earth's carbon cycle | ScienceDaily
A new study offers the first direct evidence that deep-dwelling mesopelagic fish, which account for up to 94 percent of global fish biomass, excrete carbonate minerals at rates comparable to shallow-water species. The findings validate previous global models suggesting that marine fish are major contributors to biogenic carbonate production in the ocean.


						
Scientists at the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science studied the blackbelly rosefish (Helicolenus dactylopterus), a deep-sea species living at depths of 350-430 meters (1,148-1,410 feet), to determine whether it forms and excretes intestinal carbonate -- known as ichthyocarbonate. This physiological process, common among marine fish, helps maintain internal salt and water balance in saline environments and plays a critical role in marine carbon cycling.

"Mesopelagic fish live in deep, cold, high-pressure environments, and until now, it was unclear if they produced carbonate like shallow water fish do -- or at what rate," Martin Grosell, the lead author of the study and chair of the Department of Marine Biology and Ecology at the Rosenstiel School, said. "This study is the first to confirm that they do and that the mechanisms and characteristics of ichthyocarbonate formation are remarkably consistent across depths."

The blackbelly rosefish was an ideal model. Unlike many mesopelagic species, it lacks a swim bladder and can survive both capture and lab acclimation. Researchers maintained specimens at 6 degrees Celsius, replicating their natural habitat, and found they excreted approximately 5 milligrams of ichthyocarbonate per kilogram per hour, aligning with predictions from thermal and metabolic scaling models.

"This research fills a major gap in our understanding of ocean chemistry and carbon cycling," Amanda Oehlert, co-author and assistant professor in the Department of Marine Geosciences, said. "With mesopelagic fish playing such a significant role, their contribution to carbonate flux -- and how it might change with warming oceans -- deserves greater attention."

Key findings include:
    	Deep-sea blackbelly rosefish produce carbonate at rates and compositions comparable to shallower fish, confirming that depth and pressure do not inhibit ichthyocarbonate formation.
    	These results strengthen global estimates of fish-derived carbonate production, confirming that mesopelagic fish are substantial contributors to the ocean's carbonate budget.
    	Ichthyocarbonate composition is similar regardless of the depth at which it forms, which influences how and where it is stored or dissolved in the ocean.

"These results offer strong support for global models of fish-derived carbonate production, which had assumed -- but not verified -- that mesopelagic species contribute at similar rates," Grosell said. "Mesopelagic fish aren't just prey; they're chemical engineers of the ocean."

The study underscores the importance of ichthyocarbonate in the ocean carbon cycle, especially given the vast, underexplored biomass of the mesopelagic zone.




The authors say the findings open new avenues for studying deep-sea carbon dynamics and may improve Earth system models, which are sophisticated computer models that incorporate interactions between physical, chemical, and biological processes, such as biological carbon production and export.

The study, titled "Osmoregulation by the gastro-intestinal tract of marine fish at depth -- implications for the global carbon cycle," was published on July 15, 2025 in the Journal of Experimental Biology. The authors are Martin Grosell, Bret Marek, Sarah Wells, Carolyn Pope, Cameron Sam, Rachael M. Heuer, and Amanda M. Oehlert, all from the University of Miami Rosenstiel School of Marine, Atmospheric, and Earth Science.

Funding for the study was provided by the National Science Foundation Chemical Oceanography Program and Earth Sciences Instrumentation and Facilities, and the University of Miami Rosenstiel School's Departments of Marine Biology and Ecology and Marine Geosciences.
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Satellites just revealed a hidden global water crisis-and it's worse than melting ice | ScienceDaily
New findings from studying over two decades of satellite observations reveal that the Earth's continents have experienced unprecedented freshwater loss since 2002, driven by climate change, unsustainable groundwater use and extreme droughts. The study, led by Arizona State University and published on July 25 in Science Advances, highlights the emergence of four continental-scale "mega-drying" regions, all located in the northern hemisphere, and warns of severe consequences for water security, agriculture, sea level rise and global stability.


						
The research team reports that drying areas on land are expanding at a rate roughly twice the size of California every year. And, the rate at which dry areas are getting drier now outpaces the rate at which wet areas are getting wetter, reversing long-standing hydrological patterns.

The negative implications of this for available freshwater are staggering. 75% of the world's population lives in 101 countries that have been losing freshwater for the past 22 years. According to the United Nations, the world's population is expected to continue to grow for the next 50 to 60 years -- at the same time the availability of freshwater is dramatically shrinking.

The researchers identified the type of water loss on land, and for the first time, found that 68% came from groundwater alone -- contributing more to sea level rise than the Greenland and Antarctic ice sheets combined.

"These findings send perhaps the most alarming message yet about the impact of climate change on our water resources," said Jay Famiglietti, the study's principal investigator and a Global Futures Professor with the ASU School of Sustainability. "Continents are drying, freshwater availability is shrinking, and sea level rise is accelerating. The consequences of continued groundwater overuse could undermine food and water security for billions of people around the world. This is an 'all-hands-on-deck' moment -- we need immediate action on global water security."

The researchers evaluated more than two decades of data from the US-German Gravity Recovery and Climate Experiment (GRACE) and GRACE-Follow On (GRACE-FO) missions, looking at how and why terrestrial water storage has changed since 2002. Terrestrial water storage includes all of Earth's surface and vegetation water, soil moisture, ice, snow, and groundwater stored on land.

"It is striking how much non-renewable water we are losing," said Hrishikesh A. Chandanpurkar, lead author of the study and a research scientist for ASU. "Glaciers and deep groundwater are sort of ancient trust funds. Instead of using them only in times of need such as a prolonged drought, we are taking them for granted. Also, we are not trying to replenish the groundwater systems during wet years and thus edging towards an imminent freshwater bankruptcy."

Tipping point and worsening continental drying




The study identified what seems to be a tipping point around 2014-15 during a time considered "mega El-Nino" years. Climate extremes began accelerating and in response, groundwater use increased and continental drying exceeded the rates of glacier and ice sheet melting.

Additionally, the study revealed a previously unreported oscillation where after 2014, drying regions flipped from being located mostly in the southern hemisphere to mostly in the north, and vice versa for wet regions.

One of the key drivers contributing to continental drying is the increasing extremes of drought in the mid-latitudes of the northern hemisphere, for example, in Europe. Additionally, in Canada and Russia, snow, ice, and permafrost melting increased over the last decade, and the continued depletion of groundwater globally is a major factor.

In a previous study, members of the team studied terrestrial water storage from satellite data spanning 2002 -- 2016. In the new study, the team looked at more than 20 years of data and discovered a critical, major development in continental drying. Several regional drying patterns and previously identified localized 'hotspots' for terrestrial water storage loss are now interconnected -- forming the four continental-scale mega drying regions.

These include:
    	    Southwestern North America and Central America: this region includes major food-producing regions across the American Southwest, along with major desert cities such as Phoenix, Tucson, Las Vegas, and major metropolitan areas such as Los Angeles and Mexico City.
    
    	    


Alaska and Northern Canada: this region includes melting alpine glaciers in Alaska and British Columbia, snow and permafrost melting across the Canadian high latitudes, and drying in major agricultural regions such as British Columbia and Saskatchewan
    
    	    Northern Russia: this region is experiencing major snow and permafrost melting across the high latitudes
    
    	    Middle East-North Africa (MENA) Pan-Eurasia: this region includes major desert cities including Dubai, Casablanca, Cairo, Baghdad and Tehran; major food producing regions including Ukraine, northwest India, and China's North China Plain region; the shrinking Caspian and Aral Seas; and major cities such as Barcelona, Paris, Berlin, Dhaka and Beijing.
    

In fact, the study showed that since 2002, only the tropics have continued to get wetter on average by latitude, something not predicted by IPCC (Intergovernmental Panel on Climate Change) climate models -- sophisticated computer programs used to project future climate scenarios. Continuous records are critical in understanding the long-term changes in the water cycle.

"This study really shows how important it is to have continuous observations of a variable such as terrestrial water storage," said Chandanpurkar. "GRACE records are really getting to the length where we are able to robustly see long-term trends from climate variability. More in-situ observations and data sharing would further support in making this separation and inform water management."

A Planetary Wake-Up Call

The unprecedented scale of continental drying threatens agriculture and food security, biodiversity, freshwater supplies and global stability. The current study highlights the need for ongoing research at scale to inform policymakers and communities about worsening water challenges and opportunities to create meaningful change.

"This research matters. It clearly shows that we urgently need new policies and groundwater management strategies on a global scale," said Famiglietti, who is also with the Julie Ann Wrigley Global Futures Laboratory and a former Senior Water Scientist at NASA's Jet Propulsion Laboratory. "While efforts to mitigate climate change are facing challenges, we can address continental drying by implementing new policies around regional and international groundwater sustainability. In turn, this will slow the rate of sea level rise and help preserve water for future generations."

The study calls for immediate action to slow and reverse groundwater depletion, protect remaining freshwater resources, and adapt to the growing risk of water scarcity and coastal flooding. The research team goes on to say that strategic water management, international cooperation, and sustainable policies are essential to preserving water for future generations and mitigating further damage to planetary systems.

The research will also support an upcoming World Bank Group flagship report that will delve deeper into these findings, including the human and economic implications of continental drying, and present actionable solutions for countries to address the growing freshwater crisis.

About the Study

The findings are based on over 22 years of terrestrial water storage data from US-German GRACE and GRACE-FO satellite missions. The full report details the scientific analyses and regional breakdowns of the drying trends, which have proven robust and persistent despite climate variability.

The research team includes scientists from Arizona State University; Hrishikesh A. Chandanpurkar, FLAME University; John T. Reager and David N. Wiese, JPL; Kaushik Gopalan and Yoshihide Wada, King Abdullah University of Science and Technology; Kauru Kakinuma, Korea Advanced Institute of Science and Technology; and Fan Zhang, The World Bank.

This research was funded by the Julie Ann Wrigley Global Futures Laboratory at Arizona State University, the GRACE Follow-On Science Team, and World Bank Global Water Monitoring.
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Is the air you breathe silently fueling dementia? A 29-million-person study says yes | ScienceDaily
An analysis of studies incorporating data from almost 30 million people has highlighted the role that air pollution - including that coming from car exhaust emissions - plays in increased risk of dementia.


						
Dementias such as Alzheimer's disease are estimated to affect more than 57.4 million people worldwide, a number that is expected to almost triple to 152.8 million cases by 2050. The impacts on the individuals, families and caregivers and society at large are immense.

While there are some indications that the prevalence of dementia is decreasing in Europe and North America, suggesting that it may be possible to reduce the risk of the disease at a population level, elsewhere the picture is less promising.

Air pollution has recently been identified as a risk factor for dementia, with several studies pointing the finger at a number of pollutants. However, the strength of evidence and ability to determine a causal effect has been varied.

In a paper published on July 24 in The Lancet Planetary Health, a team led by researchers at the Medical Research Council (MRC) Epidemiology Unit, University of Cambridge, carried out a systematic review and meta-analysis of existing scientific literature to examine this link further. This approach allowed them to bring together studies that on their own may not provide sufficient evidence, and which sometimes disagree with each other, to provide more robust overarching conclusions.

In total, the researchers included 51 studies, including data from more than 29 million participants, mostly from high-income countries. Of these, 34 papers were included in the meta-analysis: 15 originated in North America, 10 in Europe, seven in Asia, and two in Australia.

The researchers found a positive and statistically-significant association between three types of air pollutant and dementia. These were:
    	Particulate matter with a diameter of 2.5 microns or less (PM2.5), a pollutant made up of tiny particles small enough that they can be inhaled deep into the lungs. These particles come from several sources, including vehicle emissions, power plants, industrial processes, wood burning stoves and fireplaces, and construction dust. They also form in the atmosphere because of complex chemical reactions involving other pollutants such as sulphur dioxide and nitrogen oxides. The particles can stay in the air for a long time and travel a long way from where they were produced.

    	Nitrogen dioxide (NO2), one of the key pollutants that arise from burning fossil fuels. It is found in vehicle exhaust, especially diesel exhaust, and industrial emissions, as well as those from gas stoves and heaters. Exposure to high concentrations of nitrogen dioxide can irritate the respiratory system, worsening and inducing conditions like asthma and reducing lung function.
    	Soot, from sources such as vehicle exhaust emissions and burning wood. It can trap heat and affect the climate. When inhaled, it can penetrate deep into the lungs, aggravating respiratory diseases and increasing the risk of heart problems.

According to the researchers, for every 10 micrograms per cubic meter (mg/m3) of PM2.5, an individual's relative risk of dementia would increase by 17%. The average roadside measurement for PM2.5 in Central London in 2023 was 10 mg/m3.




For every 10 mg/m3 of NO2, the relative risk increased by 3%. The average roadside measurement for NO2 in Central London in 2023 was 33 mg/m3.

For each 1 mg/m3 of soot as found in PM2.5, the relative risk increased by 13%. Across the UK, annual mean soot concentrations measured at select roadside locations in 2023 were 0.93 mg/m3 in London, 1.51 mg/m3 in Birmingham and 0.65 mg/m3 Glasgow.

Senior author Dr Haneen Khreis from the MRC Epidemiology Unit said: "Epidemiological evidence plays a crucial role in allowing us to determine whether or not air pollution increases the risk of dementia and by how much. Our work provides further evidence to support the observation that long-term exposure to outdoor air pollution is a risk factor for the onset of dementia in previously healthy adults.

"Tackling air pollution can deliver long-term health, social, climate, and economic benefits. It can reduce the immense burden on patients, families, and caregivers, while easing pressure on overstretched healthcare systems."

Several mechanisms have been proposed to explain how air pollution may cause dementia, primarily involving inflammation in the brain and oxidative stress (a chemical process in the body that can cause damage to cells, proteins, and DNA). Both oxidative stress and inflammation play a well-established role in the onset and progression of dementia. Air pollution is thought to trigger these processes through direct entry to the brain or via the same mechanisms underlying lung and cardiovascular diseases. Air pollution can also enter circulation from the lungs and travel to solid organs, initiating local and wide-spread inflammation.

The researchers point out that the majority of people included in the published studies were white and living in high-income countries, even though marginalised groups tend to have a higher exposure to air pollution. Given that studies have suggested that reducing air pollution exposure appears to be more beneficial at reducing the risk of early death for marginalised groups, they call for future work to urgently ensure better and more adequate representation across ethnicities and low- and middle-income countries and communities.




Joint first author Clare Rogowski, also from the MRC Epidemiology Unit, said: "Efforts to reduce exposure to these key pollutants are likely to help reduce the burden of dementia on society. Stricter limits for several pollutants are likely to be necessary targeting major contributors such as the transport and industry sectors. Given the extent of air pollution, there is an urgent need for regional, national, and international policy interventions to combat air pollution equitably."

Further analysis revealed that while exposure to these pollutants increased the risk of Alzheimer's disease, the effect seemed stronger for vascular dementia, a type of dementia caused by reduced blood flow to the brain. Around 180,000 people in the UK are thought to be affected by this type of dementia. However, as there were only a small number of studies that examined this difference, the researchers did not class it as statistically significant.

Joint first author Dr Christiaan Bredell from the University of Cambridge and North West Anglia NHS Foundation Trust said: "These findings underscore the need for an interdisciplinary approach to dementia prevention. Preventing dementia is not just the responsibility of healthcare: this study strengthens the case that urban planning, transport policy, and environmental regulation all have a significant role to play."

The research was funded by the European Research Council under the Horizon 2020 research and innovation program and from the European Union's Horizon Europe Framework Programme.
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This plastic disappears in the deep sea-and microbes make it happen | ScienceDaily
Researchers have demonstrated a new eco-friendly plastic that decomposes in deep ocean conditions. In a deep-sea experiment, the microbially synthesized poly(d-lactate-co-3-hydroxybutyrate) (LAHB) biodegraded, while conventional plastics such as a representative bio-based polylactide (PLA) persisted. Submerged 855 meters (~2,800 feet) underwater, LAHB films lost over 80% of their mass after 13 months as microbial biofilms actively broke down the material. This real-world test establishes LAHB as a safer biodegradable plastic, supporting global efforts to reduce marine plastic waste.


						
Despite the growing popularity of bio-based plastics, plastic pollution remains one of the world's most pressing environmental issues. According to the OECD's Global Plastics Outlook (2022), about 353 million metric tons of plastic waste were produced globally in 2019, with nearly 1.7 million metric tons flowing directly into aquatic ecosystems. Much of this waste becomes trapped in large rotating ocean currents, known as gyres, forming the infamous "garbage patches" found in the Pacific, Atlantic, and Indian Oceans.

To tackle this, researchers have been searching for plastics that can be degraded more reliably in deep-sea environments. One promising candidate is poly(d-lactate-co-3-hydroxybutyrate) or LAHB, a lactate-based polyester biosynthesized using engineered Escherichia coli. So far, LAHB has shown strong potential as a biodegradable polymer that breaks down in river water and shallow seawater.

Now, in a study made available online on July 1, 2025, and published in Volume 240 of the journal Polymer Degradation and Stability on October 1, 2025, researchers from Japan have shown for the first time that LAHB can also get biodegraded under deep-sea conditions, where low temperatures, high pressure, and too limited nutrients make breakdown of plastic extremely difficult. The study was led by Professor Seiichi Taguchi at the Institute for Aqua Regeneration, Shinshu University, Japan, together with Dr. Shun'ichi Ishii from the Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Japan and Professor Ken-ichi Kasuya from Gunma University Center for Food Science and Wellness, Japan.

"Our study demonstrates for the first time that LAHB, a microbial lactate-based polyester, undergoes active biodegradation and complete mineralization even on the deep-sea floor, where conventional PLA remains completely non-degradable," explains Prof. Taguchi.

The research team submerged two types of LAHB films -- one containing about 6% lactic acid (P6LAHB) and another with 13% lactic acid (P13LAHB) -- alongside a conventional PLA film for comparison. The samples were submerged at a depth of 855 meters near Hatsushima Island, where deep-sea conditions, cold temperatures (3.6 degC), high salinity, and low dissolved oxygen levels make it hard for microbes to degrade plastic.

After 7 and 13 months of immersion, the LAHB films revealed clear signs of biodegradation under deep-sea conditions. The P13LAHB film lost 30.9% of its weight after 7 months and over 82% after 13 months. The P6LAHB film showed similar trends. By contrast, the PLA film showed no measurable weight loss or visible degradation during the same period, underscoring its resistance to microbial degradation. The surfaces of the LAHB films had developed cracks and were covered by biofilms made up of oval- and rod-shaped microbes, indicating that deep-sea microorganisms were colonizing and decomposing the LAHB plastic. The PLA film, however, remained completely free of biofilm.




To understand how the plastic decomposes, the researchers analyzed the plastisphere, the microbial community that formed on the plastic's surface. They found that different microbial groups played distinct roles. Dominant Gammaproteobacterial genera, including Colwellia, Pseudoteredinibacter, Agarilytica, and UBA7957, produced specialized enzymes known as extracellular poly[3-hydroxybutyrate (3HB)] depolymerases. These enzymes break down long polymer chains into smaller fragments like dimers and trimers. Certain species, such as UBA7959, also produce oligomer hydrolases (like PhaZ2) that further cleave these fragments, splitting 3HB-3HB or 3HB-LA dimers into their monomers.

Once the polymers are broken down into these simpler building blocks, other microbes, including various Alpha-proteobacteria and Desulfobacterota, continue the process by consuming the monomers like 3HB and lactate. Working together, these microbial communities ultimately convert the plastic into carbon dioxide, water, and other harmless compounds that ideally return to the marine ecosystem.

The findings of this study fill a critical gap in our understanding of how bio-based plastics degrade in remote marine environments. Its proven biodegradability makes it a promising option for creating safer, more biodegradable materials.

"This research addresses one of the most critical limitations of current bioplastics -- their lack of biodegradability in marine environments. By showing that LAHB can decompose and mineralize even in deep-sea conditions, the study provides a pathway for safer alternatives to conventional plastics and supports the transition to a circular bioeconomy," says Prof. Taguchi.
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The oceans are overheating-and scientists say a climate tipping point may be here | ScienceDaily
The global marine heatwaves (MHWs) of 2023 were unprecedented in their intensity, persistence, and scale, according to a new study. The findings provide insights into the region-specific drivers of these events, linking them to broader changes in the planet's climate system. They may also portend an emerging climate tipping point. Marine heatwaves (MHWs) are intense and prolonged episodes of unusually warm ocean temperatures.


						
These events pose severe threats to marine ecosystems, often resulting in widespread coral bleaching and mass mortality events. They also carry serious economic consequences by disrupting fisheries and aquaculture. It's widely understood that human-driven climate change is driving a rapid increase in the frequency and intensity of MHWs.

In 2023, regions across the globe, including the North Atlantic, Tropical Pacific, South Pacific, and North Pacific, experienced extreme MHWs. However, the causes underlying the onset, persistence, and intensification of widespread MHWs remain poorly understood.

To better understand the MHWs of 2023, Tianyun Dong and colleagues conducted a global analysis using combined satellite observations and ocean reanalysis data, including those from the ECCO2 (Estimating the Circulation and Climate of the Ocean-Phase II) high-resolution project.

According to the findings, MHWs of 2023 set new records for intensity, duration, and geographic extent, lasting four times the historical average and covering 96% of the global ocean surface. Regionally, the most intense warming occurred in the North Atlantic, Tropical Eastern Pacific, North Pacific, and Southwest Pacific, collectively accounting for 90% of the oceanic heating anomalies.

The researchers show that the North Atlantic MHW, which began as early as mid-2022, persisted for 525 days, while the Southwest Pacific event broke prior records with its vast spatial extent and prolonged duration. What's more, in the Tropical Eastern Pacific, temperature anomalies peaked at 1.63 degrees Celsius during the onset of El Nino.

Using a mixed-layer heat budget analysis, the scientists discovered diverse regional drivers contributing to the formation and persistence of these events, including increased solar radiation due to reduced cloud cover, weakened winds, and ocean current anomalies. According to the researchers, the 2023 MHWs may mark a fundamental shift in ocean-atmosphere dynamics, potentially serving as an early warning of an approaching tipping point in Earth's climate system.
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Scientists modeled nuclear winter-the global food collapse was worse than expected | ScienceDaily
A nuclear winter is a theoretical concept, but if the climate scenario expected to follow a large-scale nuclear war, in which smoke and soot from firestorms block sunlight, came to fruition, global temperatures would sharply drop, extinguishing most agriculture. A nuclear winter could last for more than a decade, potentially leading to widespread famine for those who survive the devastation of the bomb blasts. Now, a team led by researchers at Penn State have modeled precisely how various nuclear winter scenarios could impact global production of corn -- the most widely planted grain crop in the world. They also recommended preparing "agricultural resilience kits" with seeds for faster-growing varieties better adapted to colder temperatures that could potentially help offset the impact of nuclear winter, as well as natural disasters like volcanic eruptions.


						
In findings recently published in Environmental Research Letters, the team reported that the level of corn crop decline would vary, depending on the scale of the conflict. A regional nuclear war, which would send about 5.5 tons of soot into the atmosphere, could reduce world-wide annual corn production by 7%. A large-scale global war, injecting 165 tons of soot into the atmosphere, could lead to an 80% drop in annual corn yields. In all, the study simulated six nuclear war scenarios with varying soot injections.

Because of the crop's global significance, the researchers chose to model corn's collapse in a nuclear winter to represent the expected fate of agriculture overall, according to study first author Yuning Shi, associate research professor in Penn State's Department of Plant Science. He noted that an 80% drop in global crop production would have catastrophic consequences, leading to a widespread global food crisis. Even a 7% drop in global crop production would have a severe impact on the global food system and economy, likely resulting in increased food insecurity and hunger.

The simulations were possible thanks to the Cycles agroecosystem model, created a few years ago by scientists in Penn State's College of Agricultural Sciences, including lead developer Armen Kemanian, professor of production systems and modeling and corresponding author on this study. Using high-performance computing and considering atmospheric conditions, Cycles enables large-scale, high-resolution, multi-year simulations of crop growth by meticulously tracking the carbon and nitrogen cycles within the soil-plant-atmosphere system.

"We simulated corn production in 38,572 locations under the six nuclear war scenarios of increasing severity -- with soot injections ranging from 5 to 165 tons," Shi said. "This investigation advances our understanding of global agricultural resilience and adaptation in response to catastrophic climatic disruptions."

In addition to considering the effects of massive amounts of soot in the atmosphere, the researchers modeled the increase in UV-B radiation -- a type of ultraviolet radiation that can lead to DNA damage, oxidative stress and reduced photosynthesis in plants -- that would reach Earth's surface in a nuclear winter that could further limit agriculture.

Shi said he believes that this was the first study to estimate the extent of UV-B radiation damage to agriculture after nuclear explosions, which the researchers predicted would peak six to eight years after a global war. They estimated this could further cut corn production by an additional 7%, for a total worst-case scenario of an 87% drop in corn production.




Ozone high in Earth's atmosphere effectively absorbs the bulk of UV radiation the planet receives from the sun, but nuclear war would dismantle this ability, Shi explained.

"The blast and fireball of atomic explosions produce nitrogen oxides in the stratosphere," he said. "The presence of both nitrogen oxides and heating from absorptive soot could rapidly destroy ozone, increasing UV-B radiation levels at the Earth's surface. This would damage plant tissue and further limit global food production."

While the predictions point to potentially catastrophic drops in the production of corn varieties currently grown, Shi said, switching to crop varieties that can grow under cooler conditions in shorter growing seasons could boost global crop production by 10% compared to no adaptation. However, seed availability for these crops could become a serious problem -- a "bottleneck to adaptation," the researchers said.

Their proposed solution is to prepare "agricultural resilience kits" ahead of any nuclear disaster, containing region- and climate-specific seeds for crop varieties that can grow under cooler conditions with shorter growing seasons to survive lower temperatures.

"These kits would help sustain food production during the unstable years following a nuclear war, while supply chains and infrastructure recover," Kemanian said. "The agricultural resilience kits concept can be expanded to other disasters -- when catastrophes of these magnitude strike, resilience is of the essence."

Shi noted that while proactive, internationally coordinated planning for such kits is unlikely, simply increasing awareness could help lead to better preparedness. "If we want to survive, we must be prepared, even for unthinkable consequences," he said.




Kemanian said he sees value in the research beyond human-caused calamity.

"Recall that catastrophes of this nature can happen not just because of nuclear war, but due to, for example, violent volcanic eruptions," he said. "One may think that studies of this nature are just navel gazing, but they force us to realize the fragility of the biosphere -- the totality of all living things and how they interact with one another and the environment."

Contributing to the research at Penn State were Felipe Montes, associate research professor of cropping systems modeling; Francesco Di Gioia, associate professor of vegetable crop science; and Charles Anderson, professor of biology and principal investigator of the project funding this work; as well as Charles Bardeen, with the Atmospheric Chemistry Observations and Modeling Laboratory, National Center for Atmospheric Research, Boulder, Colorado; and Yolanda Gil, Deborah Khider and Varun Ratnakar, all with the Information Sciences Institute, University of Southern California.

This research was supported by Open Philanthropy, the Defense Advanced Research Projects Agency, the U.S. Department of Agriculture National Institute of Food and Agriculture, the U.S. National Science Foundation and the Future of Life Institute.
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Ivermectin: The mosquito-killing pill that dropped malaria by 26% | ScienceDaily
Ivermectin administered to the whole population significantly reduces malaria transmission, offering new hope in the fight against the disease. The BOHEMIA trial, the largest study on ivermectin for malaria to date, showed a 26% reduction in new malaria infection on top of existing bed nets, providing strong evidence of ivermectin's potential as a complementary tool in malaria control. The results of this project, coordinated by the Barcelona Institute for Global Health (ISGlobal) -an institution supported by the "la Caixa" Foundation- in collaboration with the Manhica Health Research Centre (CISM) and the KEMRI-Wellcome Trust Research Programme, have been published in The New England Journal of Medicine. 


						
Malaria remains a global health challenge, with 263 million cases and 597,000 deaths reported in 2023. Current vector control methods, such as long-lasting insecticidal nets (LLINs) and indoor residual spraying (IRS), have become less effective due to insecticide resistance and behavioral adaptations in mosquitoes to bite outdoors and during dusk or dawn, when people are not protected by these measures. This underscores the urgent need for innovative solutions to combat malaria.

Ivermectin for malaria: A novel strategy

Ivermectin, a drug traditionally used to treat neglected tropical diseases like onchocerciasis, which causes river blindness, and lymphatic filariasis, which causes elephantiasis, has been shown to reduce malaria transmission by killing the mosquitoes that feed on treated individuals. Given the rising resistance to conventional insecticides, ivermectin could offer an effective new approach totackle malaria transmission, especially in regions where traditional methods have become less effective.

The Unitaid-funded BOHEMIA project(Broad One Health Endectocide-based Malaria Intervention in Africa) conducted two Mass Drug Administration (MDA) trials in the high-burden malaria regions: Kwale County (Kenya) and Mopeia district (Mozambique). The trials assessed the safety and efficacy of a single monthly dose of ivermectin (400 mcg/kg) given for three consecutive months at the start of the rainy season in reducing malaria transmission. In Kenya, the intervention targeted children aged 5-15, while in Mozambique it focused on children under five.

Malaria reduction in Kenya

In Kwale County, Kenya, children who received ivermectin experienced a 26% reduction in malaria infection incidence compared to those who received albendazole, the control drug used in the study. The trial involved over 20,000 participants and more than 56,000 treatments, demonstrating that ivermectin significantly reduced malaria infection rates -- particularly among children living further from cluster borders or in areas where drug distribution was more efficient. Moreover, the safety profile of ivermectin was favorable, with no severe drug-related adverse events and only mild, transient side effects already seen with ivermectin in campaigns against neglected tropical diseases.




"We are thrilled with these results," says Carlos Chaccour, co-principal investigator of the BOHEMIA project and ISGlobal researcher at the time of the study. "Ivermectin has shown great promise in reducing malaria transmission and could complement existing control measures. With continued research, ivermectin MDA could become an effective tool for malaria control and even contribute to elimination efforts," Chaccour, who is now a researcher at the Navarra Centre for International Development at the University of Navarra, adds.

"These results align with the World Health Organization's (WHO) criteria for new vector control tools," states Joseph Mwangangi, from the KEMRI-Wellcome Trust Research Programme. "The findings suggest that ivermectin MDA could be a valuable complementary strategy for malaria control, particularly in areas where mosquito resistance to insecticides is a growing concern," adds Marta Maia, BOHEMIA's lead entomologist from the University of Oxford.

Lessons from the Mozambique trial

In contrast, the implementation of the Mozambique trial in the rural district of Mopeia faced severe disruptions due to Cyclone Gombe (2022) and a subsequent cholera outbreak, which significantly disrupted operations. "One of the most important lessons we learned from the trial in Mopeia is that strong community engagement is essential," states Francisco Saute, director of the Manhica Health Research Centre (CISM). "Building trust with local communities and fostering close collaboration with the Health Ministry, National Malaria Control Program, and local authorities was key to ensuring acceptance of the ivermectin MDA."

Expanding the Impact Beyond Malaria

In addition to reducing malaria transmission, ivermectin MDA offers significant collateral benefits. The BOHEMIA team found an important reduction in the prevalence of skin infestations such as scabies and head lice in the ivermectin group in Mozambique, and the community reported a major reduction in bed bugs in Kenya. These effects are particularly valuable when ivermectin is integrated into existing delivery systems, maximizing its impact on public health.

Shaping the future of malaria prevention

The study is part of a larger global effort to assess ivermectin's potential in malaria control. The findings have been reviewed by the WHO vector control advisory group, which concluded that the study had demonstrated impact and recommended further studies. Findings were also shared with national health authorities as they evaluate the potential inclusion of ivermectin in malaria control programs.

"This research has the potential to shape the future of malaria prevention, particularly in endemic areas where existing tools are failing," concludes Regina Rabinovich, BOHEMIA PI and Director of ISGlobal's Malaria Elimination Initiative. "With its novel mechanism of action and proven safety profile, ivermectin could offer a new approach using a well-known, safe drug that can add to the effect of other mosquito control tools available today."
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Millipedes make ants dizzy - and might soon treat human pain | ScienceDaily
Millipedes get a bad rap -- their many legs put people off and could classify them as "creepy crawly." But these anthropods' secretions could hold the key to new drug discovery for the treatment of neurological diseases and pain.


						
Chemist Emily Mevers and her team recently discovered a new set of complex structures in millipede secretions that can modulate specific neuroreceptors in ant brains.

The newly discovered structures fall into a class of naturally occurring compounds called alkaloids. The Mevers team named them the andrognathanols and the andrognathines after the producing millipede, Andrognathus corticarius, found on Virginia Tech's Blacksburg campus in Stadium Woods. These discoveries were recently published in the Journal of the American Chemical Society.

A new compound discovery

Mevers specializes in leveraging the chemistry of underexplored ecological niches, in this case the millipede, in the name of drug discovery.

After collecting millipedes from under leaf litter and fallen branches in Stadium Woods, Mevers and team members used a variety of analytical tools to identify the compounds contained in the millipedes' defensive glands. They also learned that the millipedes release these compounds to ward off predators while also sharing their location with their kin.

Broader implications

Despite their pervasiveness, much about millipedes remains mysterious -- including their specific habitats, numbers, diets, behaviors, and chemistry. Mevers, in collaboration with millipede expert Paul Marek in the entomology department, is working to fill in some of these gaps and see if what they uncover could be useful for future medications.




Previously, Mevers and Marek examined a millipede native to the Pacific Northwest, Ishcnocybe plicata, and discovered that related alkaloids potently and selectively interact with a single neuroreceptor called Sigma-1. The interaction suggested that this family of compounds may have useful pharmacology potential for the treatment of pain and other neurological disorders.

The Mevers group discovered that the new alkaloids are actively secreted from the Hokie millipede when it is physically disturbed. The secretions cause disorientation in ants, a presumed natural predator. A subset of these compounds possesses similar interactions with the Sigma-1 neuroreceptor.

Moving toward drug development

With the newfound complex compounds in hand, the next step is finding people to actually make them in larger quantities and evaluate their biomedical applications.

"These compounds are quite complex, so they're going to take some time to synthesize in the lab," said Mevers.

Once larger quantities are available, Mevers will be able to better study their properties and potential in drug development.
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This sugar substitute does more than sweeten - it kills cancer cells | ScienceDaily
Stevia may provide more benefits than as a zero-calorie sugar substitute. When fermented with bacteria isolated from banana leaves, stevia extract kills off pancreatic cancer cells but doesn't harm healthy kidney cells, according to a research team at Hiroshima University.


						
The researchers published their findings in the International Journal of Molecular Sciences. 

"Globally, the incidence and mortality rates of pancreatic cancer continue to rise, with a five-year survival rate of less than 10%," said co-author Narandalai Danshiitsoodol, associate professor in Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences. "Pancreatic cancer is highly invasive and prone to metastasis, showing significant resistance to existing treatments, such as surgery, radiotherapy and chemotherapy. As such, there is an urgent need to identify new and effective anticancer compounds, particularly those derived from medicinal plants."

Prior studies by other researchers indicated that stevia leaf extract demonstrated potential as an anticancer drug, but isolating and applying the specific bioactive components that protect against cancer cells has remained challenging, Danshiitsoodol said. However, fermenting with bacteria can structurally change the extract and produce bioactive metabolites, which are compounds that can impact living organisms.

"To enhance the pharmacological efficacy of natural plant extracts, microbial biotransformation has emerged as an effective strategy," said corresponding author Masanori Sugiyama, professor in the Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences. Sugiyama's lab has isolated and evaluated the health benefits of more than 1,300 lactic acid bacteria (LAB) strains from fruits, vegetables, flowers and medicinal plants. "In this study, we aimed to compare LAB-fermented and non-fermented extracts to identify key compounds that enhance bioactivity, ultimately contributing to the efficacy of herbal medicine in cancer prevention and therapy."

Specifically, the team fermented stevia leaf extract with plant-derived Lactobacillus plantarum SN13T strain (FSLE) and compared its effects on pancreatic cancer (PANC-1) cells in the lab, alongside non-cancerous human embryonic kidney cells HEK-293, to the effects of non-fermented stevia extract. The cells utilized in these experiments were acquired from established commercial cell lines.

"Our findings indicate that FSLE demonstrates significantly greater cytotoxicity than the non-fermented extract at equivalent concentrations, suggesting that the fermentation process enhances the bioactivity of the extract," Sugiyama said. "Notably, FSLE exhibited lower toxicity toward the HEK-293 cells, with minimal inhibition observed even at the highest concentration tested."

Additional analyses identified chlorogenic acid methyl ester (CAME) as the active anti-cancer compound. When fermented, the concentration of chlorogenic acid in the extract dropped six-fold, indicating a microbial transformation, according to Danshiitsoodol.




"This microbial transformation was likely due to specific enzymes in the bacteria strain used," Danshiitsoodol said. "Our data demonstrate that CAME exhibits stronger toxicity to cells and pro-apoptotic effects -- which encourage cell death -- on PANC-1 cells compared to chlorogenic acid alone."

Next, the researchers said they plan to study the effects in a mouse model to better understand the effectiveness of various dosages across a whole-body system.

"The present study has substantially enhanced our understanding of the mechanism of action of the Lactobacillus plantarum SN13T strain in the fermentation of herbal extracts, while also offering a valuable research perspective on the potential application of probiotics as natural anti-tumor agents," Danshiitsoodol said.

Other contributors include Rentao Zhang and Masafumi Noda, Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences, Hiroshima University; and Sayaka Yonezawa and Keishi Kanno, Department of General Internal Medicine, Hiroshima University Hospital.
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        COVID vaccines saved 2. 5M lives globally--a death averted per 5,400 shots
        Between 2020 and 2024, COVID-19 vaccines saved 2.5 million lives globally, preventing one death for every 5,400 doses. A groundbreaking worldwide study led by researchers from Universita Cattolica and Stanford University reveals that most lives were saved before individuals were exposed to the virus, particularly during the Omicron period and among those aged 60+. The researchers also calculated 14.8 million years of life saved, with the elderly gaining the majority of these benefits.

      

      
        Scientists just invented a safer non-stick coating--and it's inspired by arrows
        Scientists at the University of Toronto have developed a new non-stick material that rivals the performance of traditional PFAS-based coatings while using only minimal amounts of these controversial "forever chemicals." Through an inventive process called "nanoscale fletching," they modified silicone-based polymers to repel both water and oil effectively. This breakthrough could pave the way for safer cookware, fabrics, and other products without the environmental and health risks linked to long-...

      

      
        Scientists modeled nuclear winter--the global food collapse was worse than expected
        What would happen if a nuclear war triggered a climate-altering catastrophe? Researchers have modeled how such a scenario could devastate global corn crops cutting production by as much as 87% due to blocked sunlight and increased UV-B radiation. Using advanced climate-agriculture simulations, they propose a survival strategy: emergency resilience kits containing fast-growing, cold-tolerant seeds that could keep food systems afloat not just after nuclear war, but also after volcanic eruptions or ...

      

      
        Google's deepfake hunter sees what you can't--even in videos without faces
        AI-generated videos are becoming dangerously convincing and UC Riverside researchers have teamed up with Google to fight back. Their new system, UNITE, can detect deepfakes even when faces aren't visible, going beyond traditional methods by scanning backgrounds, motion, and subtle cues. As fake content becomes easier to generate and harder to detect, this universal tool might become essential for newsrooms and social media platforms trying to safeguard the truth.
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COVID vaccines saved 2. 5M lives globally-a death averted per 5,400 shots | ScienceDaily
Thanks to vaccinations against SARS-CoV-2 in the period 2020-2024 2.533 million deaths were prevented at global level, one death was avoided for every 5,400 doses of vaccine administered. The 82% of the lives saved by vaccines involved people vaccinated before encountering the virus, 57% during the Omicron period, and 90% involved people aged 60 years and older. In all, vaccines have saved 14.8 million years of life (one year of life saved for 900 doses of vaccine administered).


						
These are some of the data released in an unprecedented study published in the journal Jama Health Forum and coordinated by Prof. Stefania Boccia, Stefania Boccia, Professor of General and Applied Hygiene at Universita Cattolica, with contributions from Dr. Angelo Maria Pezzullo, Researcher in General and Applied Hygiene, and Dr. Antonio Cristiano, a medical resident in Hygiene and Preventive Medicine. The two researchers spent a period at Stanford University, collaborating directly with the group of Professor John P.A. Ioannidis, director of the Meta-Research Innovation Center (METRICS), in the context of the project "European network staff eXchange for integrAting precision health in the health Care sysTems- ExACT" funded by the European Research Excellence Programme RISE project-Marie Slodowska Curie and coordinated by Professor Stefania Boccia.

Professor Boccia and Dr. Pezzullo explain: "Before ours, several studies tried to estimate lives saved by vaccines with different models and in different periods or parts of the world, but this one is the most comprehensive because it is based on worldwide data, it also covers the Omicron period, it also calculates the number of years of life that was saved, and it is based on fewer assumptions about the pandemic trend."

The Study

The experts studied worldwide population data, applying a series of statistical methods to figure out who among the people who became ill with COVID did either before or after getting vaccinated, before or after Omicron period, and how many of them died (and at what age). "We compared this data with the estimated data modeled in the absence of COVID vaccination and were then able to calculate the numbers of people who were saved by COVID vaccines and the years of life gained as a result of them," Dr Pezzullo explains.

It also turned out that most of the saved years of life (76%) involved people over 60 years of age, but residents in long-term care facilities contributed only with 2% of the total number. Children and adolescents (0.01% of lives saved and 0.1% of life years saved) and young adults aged 20-29 (0.07% of lives saved and 0.3% of life years saved) contributed very little to the total benefit.

Professor Boccia concludes: "These estimates are substantially more conservative than previous calculations that focused mainly on the first year of vaccination, but clearly demonstrate an important overall benefit from COVID-19 vaccination over the period 2020-2024. Most of the benefits, in terms of lives and life-years saved, have been secured for a portion of the global population who is typically more fragile, the elderly."
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Scientists just invented a safer non-stick coating-and it's inspired by arrows | ScienceDaily
A new material developed by researchers from University of Toronto Engineering could offer a safer alternative to the non-stick chemicals commonly used in cookware and other applications.


						
The new substance repels both water and grease about as well as standard non-stick coatings -- but it contains much lower amounts of per- and polyfluoroalkyl substances (PFAS), a family of chemicals that have raised environmental and health concerns.

"The research community has been trying to develop safer alternatives to PFAS for a long time," says Professor Kevin Golovin, who heads the Durable Repellent Engineered Advanced Materials (DREAM) Laboratory at U of T Engineering.

"The challenge is that while it's easy to create a substance that will repel water, it's hard to make one that will also repel oil and grease to the same degree. Scientists had hit an upper limit to the performance of these alternative materials."

Since its invention in the late 1930s, Teflon -- also known as polytetrafluoroethylene or PTFE -- has become famous for its ability to repel water, oil and grease alike. Teflon is part of a larger family of substances known as per- and polyfluoroalkyl substances (PFAS).

PFAS molecules are made of chains of carbon atoms, each of which is bonded to several fluorine atoms. The inertness of carbon-fluorine bonds is responsible for the non-stick properties of PFAS.

However, this chemical inertness also causes PFAS to resist the normal processes that would break down other organic molecules over time. For this reason, they are sometimes called 'forever chemicals.'




In addition to their persistence, PFAS are known to accumulate in biological tissues, and their concentrations can become amplified as they travel up the food chain.

Various studies have linked exposure to high levels of PFAS to certain types of cancer, birth defects and other health problems, with the longer chain PFAS generally considered more harmful than the shorter ones.

Despite the risks, the lack of alternatives means that PFAS remain ubiquitous in consumer products: they are widely used not only in cookware, but also in rain-resistant fabrics, food packaging and even in makeup.

"The material we've been working with as an alternative to PFAS is called polydimethylsiloxane or PDMS," says Golovin.

"PDMS is often sold under the name silicone, and depending on how it's formulated, it can be very biocompatible -- in fact it's often used in devices that are meant to be implanted into the body. But until now, we couldn't get PDMS to perform quite as well as PFAS."

To overcome this problem, PhD student Samuel Au developed a new chemistry technique that the team is calling nanoscale fletching. The technique is described in a paper published in Nature Communications.




"Unlike typical silicone, we bond short chains of PDMS to a base material -- you can think of them like bristles on a brush," says Au.

"To improve their ability to repel oil, we have now added in the shortest possible PFAS molecule, consisting of a single carbon with three fluorines on it. We were able to bond about seven of those to the end of each PDMS bristle.

"If you were able to shrink down to the nanometer scale, it would look a bit like the feathers that you see around the back end of an arrow, where it notches to the bow. That's called fletching, so this is nanoscale fletching."

Au and the team coated their new material on a piece of fabric, then placed drops of various oils on it to see how well it could repel them. On a scale developed by the American Association of Textile Chemists and Colorists, the new coating achieved a grade of 6, placing it on par with many standard PFAS-based coatings.

"While we did use a PFAS molecule in this process, it is the shortest possible one and therefore does not bioaccumulate," says Golovin.

"What we've seen in the literature, and even in the regulations, is that it's the longest-chain PFAS that are getting banned first, with the shorter ones considered much less harmful. Our hybrid material provides the same performance as what had been achieved with long-chain PFAS, but with greatly reduced risk."

Golovin says that the team is open to collaborating with manufacturers of non-stick coatings who might wish to scale up and commercialize the process. In the meantime, they will continue working on even more alternatives.

"The holy grail of this field would be a substance that outperforms Teflon, but with no PFAS at all," says Golovin.

"We're not quite there yet, but this is an important step in the right direction."
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Scientists modeled nuclear winter-the global food collapse was worse than expected | ScienceDaily
A nuclear winter is a theoretical concept, but if the climate scenario expected to follow a large-scale nuclear war, in which smoke and soot from firestorms block sunlight, came to fruition, global temperatures would sharply drop, extinguishing most agriculture. A nuclear winter could last for more than a decade, potentially leading to widespread famine for those who survive the devastation of the bomb blasts. Now, a team led by researchers at Penn State have modeled precisely how various nuclear winter scenarios could impact global production of corn -- the most widely planted grain crop in the world. They also recommended preparing "agricultural resilience kits" with seeds for faster-growing varieties better adapted to colder temperatures that could potentially help offset the impact of nuclear winter, as well as natural disasters like volcanic eruptions.


						
In findings recently published in Environmental Research Letters, the team reported that the level of corn crop decline would vary, depending on the scale of the conflict. A regional nuclear war, which would send about 5.5 tons of soot into the atmosphere, could reduce world-wide annual corn production by 7%. A large-scale global war, injecting 165 tons of soot into the atmosphere, could lead to an 80% drop in annual corn yields. In all, the study simulated six nuclear war scenarios with varying soot injections.

Because of the crop's global significance, the researchers chose to model corn's collapse in a nuclear winter to represent the expected fate of agriculture overall, according to study first author Yuning Shi, associate research professor in Penn State's Department of Plant Science. He noted that an 80% drop in global crop production would have catastrophic consequences, leading to a widespread global food crisis. Even a 7% drop in global crop production would have a severe impact on the global food system and economy, likely resulting in increased food insecurity and hunger.

The simulations were possible thanks to the Cycles agroecosystem model, created a few years ago by scientists in Penn State's College of Agricultural Sciences, including lead developer Armen Kemanian, professor of production systems and modeling and corresponding author on this study. Using high-performance computing and considering atmospheric conditions, Cycles enables large-scale, high-resolution, multi-year simulations of crop growth by meticulously tracking the carbon and nitrogen cycles within the soil-plant-atmosphere system.

"We simulated corn production in 38,572 locations under the six nuclear war scenarios of increasing severity -- with soot injections ranging from 5 to 165 tons," Shi said. "This investigation advances our understanding of global agricultural resilience and adaptation in response to catastrophic climatic disruptions."

In addition to considering the effects of massive amounts of soot in the atmosphere, the researchers modeled the increase in UV-B radiation -- a type of ultraviolet radiation that can lead to DNA damage, oxidative stress and reduced photosynthesis in plants -- that would reach Earth's surface in a nuclear winter that could further limit agriculture.

Shi said he believes that this was the first study to estimate the extent of UV-B radiation damage to agriculture after nuclear explosions, which the researchers predicted would peak six to eight years after a global war. They estimated this could further cut corn production by an additional 7%, for a total worst-case scenario of an 87% drop in corn production.




Ozone high in Earth's atmosphere effectively absorbs the bulk of UV radiation the planet receives from the sun, but nuclear war would dismantle this ability, Shi explained.

"The blast and fireball of atomic explosions produce nitrogen oxides in the stratosphere," he said. "The presence of both nitrogen oxides and heating from absorptive soot could rapidly destroy ozone, increasing UV-B radiation levels at the Earth's surface. This would damage plant tissue and further limit global food production."

While the predictions point to potentially catastrophic drops in the production of corn varieties currently grown, Shi said, switching to crop varieties that can grow under cooler conditions in shorter growing seasons could boost global crop production by 10% compared to no adaptation. However, seed availability for these crops could become a serious problem -- a "bottleneck to adaptation," the researchers said.

Their proposed solution is to prepare "agricultural resilience kits" ahead of any nuclear disaster, containing region- and climate-specific seeds for crop varieties that can grow under cooler conditions with shorter growing seasons to survive lower temperatures.

"These kits would help sustain food production during the unstable years following a nuclear war, while supply chains and infrastructure recover," Kemanian said. "The agricultural resilience kits concept can be expanded to other disasters -- when catastrophes of these magnitude strike, resilience is of the essence."

Shi noted that while proactive, internationally coordinated planning for such kits is unlikely, simply increasing awareness could help lead to better preparedness. "If we want to survive, we must be prepared, even for unthinkable consequences," he said.




Kemanian said he sees value in the research beyond human-caused calamity.

"Recall that catastrophes of this nature can happen not just because of nuclear war, but due to, for example, violent volcanic eruptions," he said. "One may think that studies of this nature are just navel gazing, but they force us to realize the fragility of the biosphere -- the totality of all living things and how they interact with one another and the environment."

Contributing to the research at Penn State were Felipe Montes, associate research professor of cropping systems modeling; Francesco Di Gioia, associate professor of vegetable crop science; and Charles Anderson, professor of biology and principal investigator of the project funding this work; as well as Charles Bardeen, with the Atmospheric Chemistry Observations and Modeling Laboratory, National Center for Atmospheric Research, Boulder, Colorado; and Yolanda Gil, Deborah Khider and Varun Ratnakar, all with the Information Sciences Institute, University of Southern California.

This research was supported by Open Philanthropy, the Defense Advanced Research Projects Agency, the U.S. Department of Agriculture National Institute of Food and Agriculture, the U.S. National Science Foundation and the Future of Life Institute.
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Google's deepfake hunter sees what you can't-even in videos without faces | ScienceDaily
In an era where manipulated videos can spread disinformation, bully people, and incite harm, UC Riverside researchers have created a powerful new system to expose these fakes.


						
Amit Roy-Chowdhury, a professor of electrical and computer engineering, and doctoral candidate Rohit Kundu, both from UCR's Marlan and Rosemary Bourns College of Engineering, teamed up with Google scientists to develop an artificial intelligence model that detects video tampering -- even when manipulations go far beyond face swaps and altered speech. (Roy-Chowdhury is also the co-director of the UC Riverside Artificial Intelligence Research and Education (RAISE) Institute, a new interdisciplinary research center at UCR.)

Their new system, called the Universal Network for Identifying Tampered and synthEtic videos (UNITE), detects forgeries by examining not just faces but full video frames, including backgrounds and motion patterns. This analysis makes it one of the first tools capable of identifying synthetic or doctored videos that do not rely on facial content.

"Deepfakes have evolved," Kundu said. "They're not just about face swaps anymore. People are now creating entirely fake videos -- from faces to backgrounds -- using powerful generative models. Our system is built to catch all of that."

UNITE's development comes as text-to-video and image-to-video generation have become widely available online. These AI platforms enable virtually anyone to fabricate highly convincing videos, posing serious risks to individuals, institutions, and democracy itself.

"It's scary how accessible these tools have become," Kundu said. "Anyone with moderate skills can bypass safety filters and generate realistic videos of public figures saying things they never said."

Kundu explained that earlier deepfake detectors focused almost entirely on face cues.




"If there's no face in the frame, many detectors simply don't work," he said. "But disinformation can come in many forms. Altering a scene's background can distort the truth just as easily."

To address this, UNITE uses a transformer-based deep learning model to analyze video clips. It detects subtle spatial and temporal inconsistencies -- cues often missed by previous systems. The model draws on a foundational AI framework known as SigLIP, which extracts features not bound to a specific person or object. A novel training method, dubbed "attention-diversity loss," prompts the system to monitor multiple visual regions in each frame, preventing it from focusing solely on faces.

The result is a universal detector capable of flagging a range of forgeries -- from simple facial swaps to complex, fully synthetic videos generated without any real footage.

"It's one model that handles all these scenarios," Kundu said. "That's what makes it universal."

The researchers presented their findings at the high ranking 2025 Conference on Computer Vision and Pattern Recognition (CVPR) in Nashville, Tenn. Titled "Towards a Universal Synthetic Video Detector: From Face or Background Manipulations to Fully AI-Generated Content," their paper, led by Kundu, outlines UNITE's architecture and training methodology. Co-authors include Google researchers Hao Xiong, Vishal Mohanty, and Athula Balachandra. Co-sponsored by the IEEE Computer Society and the Computer Vision Foundation, CVPR is among the highest-impact scientific publication venues in the world.

The collaboration with Google, where Kundu interned, provided access to expansive datasets and computing resources needed to train the model on a broad range of synthetic content, including videos generated from text or still images -- formats that often stump existing detectors.

Though still in development, UNITE could soon play a vital role in defending against video disinformation. Potential users include social media platforms, fact-checkers, and newsrooms working to prevent manipulated videos from going viral.

"People deserve to know whether what they're seeing is real," Kundu said. "And as AI gets better at faking reality, we have to get better at revealing the truth."
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Pain relief without pills? VR nature scenes trigger the brain's healing switch
        Stepping into a virtual forest or waterfall scene through VR could be the future of pain management. A new study shows that immersive virtual nature dramatically reduces pain sensitivity almost as effectively as medication. Researchers at the University of Exeter found that the more present participants felt in these 360-degree nature experiences, the stronger the pain-relieving effects. Brain scans confirmed that immersive VR scenes activated pain-modulating pathways, revealing that our brains c...

      

      
        Why cold feels good: Scientists uncover the chill pathway
        A newly mapped neural circuit shows how our skin senses cool temperatures and sends that info to the brain, revealing an unexpected amplifier in the spinal cord and offering insight into cold-related pain.

      

      
        The pandemic's secret aftershock: Inside the gut-brain breakdown
        A new global study reveals a striking post-pandemic surge in gut-brain disorders like IBS and functional dyspepsia. Researchers compared data from 2017 and 2023 and discovered sharp increases--IBS up 28% and dyspepsia nearly 44%. Those suffering from long COVID were especially vulnerable, reporting more anxiety, depression, and worse quality of life. These findings spotlight the urgent need for deeper investigation into the gut-brain axis and revised care models in a post-COVID world.

      

      
        This brain circuit may explain fluctuating sensations--and autism
        Sometimes a gentle touch feels sharp and distinct, other times it fades into the background. This inconsistency isn't just mood--it's biology. Scientists found that the thalamus doesn't just relay sensory signals--it fine-tunes how the brain responds to them, effectively changing what we feel. A hidden receptor in the cortex seems to prime neurons, making them more sensitive to touch.

      

      
        400-million-year-old fish exposes big mistake in how we understood evolution
        A fish thought to be evolution's time capsule just surprised scientists. A detailed dissection of the coelacanth -- a 400-million-year-old species often called a "living fossil" -- revealed that key muscles believed to be part of early vertebrate evolution were actually misidentified ligaments. This means foundational assumptions about how vertebrates, including humans, evolved to eat and breathe may need to be rewritten. The discovery corrects decades of anatomical errors, reshapes the story of sk...

      

      
        Clockwork from scratch: How scientists made timekeeping cells
        Scientists at UC Merced have engineered artificial cells that can keep perfect time--mimicking the 24-hour biological clocks found in living organisms. By reconstructing circadian machinery inside tiny vesicles, the researchers showed that even simplified synthetic systems can glow with a daily rhythm--if they have enough of the right proteins.

      

      
        Columbia scientists turn yogurt into a healing gel that mimics human tissue
        Scientists at Columbia Engineering have developed an injectable hydrogel made from yogurt-derived extracellular vesicles (EVs) that could revolutionize regenerative medicine. These EVs serve both as healing agents and as structural components, eliminating the need for added chemicals. The innovation leverages everyday dairy products like yogurt to create a biocompatible material that mimics natural tissue and enhances healing.

      

      
        Walk faster, live longer: How just 15 minutes a day can boost lifespan
        Fast walking, even just 15 minutes a day, can dramatically reduce the risk of death, especially from heart disease, according to a large study involving nearly 80,000 low-income and predominantly Black Americans in the South. The findings not only affirm the well-known health benefits of walking but also highlight how pace matters and how fast walking offers a powerful, accessible tool for improving health across underserved communities.

      

      
        This gut hormone could explain 40% of IBS-D cases--and lead to a cure
        A mysterious gut hormone may be behind many cases of chronic diarrhea, especially in people with undiagnosed bile acid malabsorption, a condition often mistaken for irritable bowel syndrome. Researchers from the University of Cambridge identified that the hormone INSL5 spikes when bile acid reaches the colon, triggering intense diarrhea. Their discovery not only sheds light on the biological cause of symptoms but opens the door to a diagnostic blood test and new treatment options, including a sur...

      

      
        Did humans learn to walk in trees?
        In the quest to understand how and why early humans started walking on two legs, scientists are now looking to chimpanzees living in dry, open savannah-like environments for clues. A new study reveals that these chimpanzees, despite the open terrain, still frequently climb trees to gather fruit and other foods found high in the canopy. Their behavior suggests that bipedalism may not have evolved purely as a response to ground-based travel, but also for safe and efficient movement within trees.

      

      
        The real-life Kryptonite found in Serbia--and why it could power the future
        Deep in Serbia's Jadar Valley, scientists discovered a mineral with an uncanny resemblance to Superman's Kryptonite both in composition and name. Dubbed jadarite, this dull white crystal lacks the glowing green menace of its comic book counterpart but packs a punch in the real world. Rich in lithium and boron, jadarite could help supercharge the global transition to green energy.

      

      
        Walk faster, age slower: The 14-step boost that builds strength
        Walking just a bit faster could be the key to aging well. Researchers found that older adults who upped their walking pace by just 14 steps per minute significantly improved their physical abilities--even those who were already frail. A new, user-friendly smartphone app helps measure walking cadence more accurately than typical devices, making this science-backed health strategy easy to adopt. By shifting from a casual stroll to a brisker walk, older adults can stay active, independent, and energi...

      

      
        Eggs are off the hook--study reveals bacon's the real heart risk
        Eggs are finally being vindicated after decades of cholesterol-related blame. New research from the University of South Australia reveals that eggs, despite their cholesterol content, aren't the dietary villains they've long been made out to be. Instead, it's the saturated fats found in foods like bacon and sausage that actually elevate harmful LDL cholesterol levels. In a world-first study, researchers showed that eating two eggs a day, as part of a low saturated fat diet, can even help reduce L...

      

      
        Science tested 64 natural remedies for depression--only a few actually work
        Over-the-counter (OTC) products like St John's Wort and omega-3s have long been touted for helping with depression, but new research reveals that 64 different OTC products have been tested in clinical trials, with varying levels of evidence. Some well-known options like St John's Wort, saffron, and probiotics showed encouraging results, sometimes comparable to antidepressants. Others like folic acid, lavender, and lemon balm show emerging promise. Although few safety concerns were reported, resea...

      

      
        Scientists just invented a safer non-stick coating--and it's inspired by arrows
        Scientists at the University of Toronto have developed a new non-stick material that rivals the performance of traditional PFAS-based coatings while using only minimal amounts of these controversial "forever chemicals." Through an inventive process called "nanoscale fletching," they modified silicone-based polymers to repel both water and oil effectively. This breakthrough could pave the way for safer cookware, fabrics, and other products without the environmental and health risks linked to long-...

      

      
        Scientists modeled nuclear winter--the global food collapse was worse than expected
        What would happen if a nuclear war triggered a climate-altering catastrophe? Researchers have modeled how such a scenario could devastate global corn crops cutting production by as much as 87% due to blocked sunlight and increased UV-B radiation. Using advanced climate-agriculture simulations, they propose a survival strategy: emergency resilience kits containing fast-growing, cold-tolerant seeds that could keep food systems afloat not just after nuclear war, but also after volcanic eruptions or ...

      

      
        Google's deepfake hunter sees what you can't--even in videos without faces
        AI-generated videos are becoming dangerously convincing and UC Riverside researchers have teamed up with Google to fight back. Their new system, UNITE, can detect deepfakes even when faces aren't visible, going beyond traditional methods by scanning backgrounds, motion, and subtle cues. As fake content becomes easier to generate and harder to detect, this universal tool might become essential for newsrooms and social media platforms trying to safeguard the truth.

      

      
        Millipedes make ants dizzy -- and might soon treat human pain
        Millipedes, often dismissed as creepy crawlies, may hold the secret to future painkillers and neurological drugs. Researchers at Virginia Tech discovered unique alkaloid compounds in the defensive secretions of a native millipede species. These complex molecules, which cause disorientation in ants, interact with human neuroreceptors linked to pain and cognition. By decoding these natural chemical defenses, scientists could open a new path toward innovative drug therapies, though challenges remain...

      

      
        The plant virus that trains your immune system to kill cancer
        A virus from humble black-eyed peas is showing extraordinary promise in the fight against cancer. Unlike other plant viruses, the cowpea mosaic virus (CPMV) can awaken the human immune system and transform it into a cancer-fighting powerhouse, without infecting human cells. By comparing it to a similar, but ineffective, virus, researchers uncovered that CPMV uniquely triggers potent interferons and immune responses, making it a low-cost, plant-grown immunotherapy on the fast track toward clinical...

      

      
        This sugar substitute does more than sweeten -- it kills cancer cells
        Fermenting stevia with a banana leaf-derived probiotic turns it into a powerful cancer-fighting agent that kills pancreatic cancer cells while sparing healthy ones. The secret lies in a metabolite called CAME, produced through microbial transformation.
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Pain relief without pills? VR nature scenes trigger the brain's healing switch | ScienceDaily
Immersing in virtual reality (VR) nature scenes helped relieve symptoms that are often seen in people living with long-term pain, with those who felt more present experiencing the strongest effects.


						
A new study led by the University of Exeter, published in the journal Pain, tested the impact of immersive 360-degree nature films delivered using VR compared with 2D video images in reducing experience of pain, finding VR almost twice as effective.

Long-term (chronic) pain typically lasts more than three months and is particularly difficult to treat. The researchers simulated this type of pain in healthy participants, finding that nature VR had an effect similar to that of painkillers, which endured for at least five minutes after the VR experience had ended.

Dr Sam Hughes, Senior Lecturer in Pain Neuroscience at the University of Exeter, led the study. He said: "We've seen a growing body of evidence show that exposure to nature can help reduce short term, everyday pain, but there has been less research into how this might work for people living with chronic or longer-term pain. Also, not everyone is able to get out for walks in nature, particularly those living with long term health conditions like chronic pain. Our study is the first to look at the effect of prolonged exposure to a virtual reality nature scene on symptoms seen during long term pain sensitivity. Our results suggest that immersive nature experiences can reduce the development of this pain sensitivity through an enhanced sense of presence and through harnessing the brains in-built pain suppression systems''

The study, which was funded by the Academy of Medical Sciences, involved 29 healthy participants who were shown two types of nature scene after having pain delivered on the forearm using electric shocks. On the first visit, they measured the changes in pain that occur over a 50-minute period following the electric shocks and showed how the healthy participants developed sensitivity to sharp pricking stimuli in the absence of any nature scenes. The results showed that the participants developed a type of sensitivity that closely resembles that seen in people living with nerve pain -- which occurs due to changes in how pain signals are processed in the brain and spinal cord.

On the second visit, they immersed the same participants in a 45-minute virtual reality 360-degree experience of the waterfalls of Oregon to see how this could change how the development of pain sensitivity. The scene was specially chosen to maximize therapeutic effects.

In the second visit, they explored the same scene, but on a 2D screen.




They completed questionnaires on their experience of pain after watching the scenes in each case, and also on how present they felt in each experience, and to what extent they felt the nature scenes to be restorative[LV1] .

On a separate visit, participants underwent MRI brain scans at the University of Exeter's Mireille Gillings Neuroimaging Centre. Researchers administered a cold gel to illicit a type of ongoing pain and then scanned participants to study how their brains respond.

The researchers found that the immersive VR experience significantly reduced the development and spread of feelings of pain sensitivity to pricking stimuli, and these pain-reducing effects were still there even at the end of the 45-minute experience.

The more present the person felt during the VR experience, the stronger this pain-relieving effect. The fMRI brain scans also revealed that people with stronger connectivity in brain regions involved in modulating pain responses experienced less pain. The results suggest that nature scenes delivered using VR can help to change how pain signals are transmitted in the brain and spinal cord during long-term pain conditions.

Dr Sonia Medina, of the University of Exeter Medical School and one of the authors on the study, said: "We think VR has a particularly strong effect on reducing experience of pain because it's so immersive. It really created that feeling of being present in nature - and we found the pain - reducing effect was greatest in people for whom that perception was strongest. We hope our study leads to more research to investigate further how exposure to nature effects our pain responses, so we could one day see nature scenes incorporated into ways of reducing pain for people in settings like care homes or hospitals."

The paper is titled 'Immersion in nature through virtual reality attenuates the development and spread of mechanical secondary hyperalgesia: a role for insulo-thalamic effective connectivity' and is published in the journal Pain.
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Why cold feels good: Scientists uncover the chill pathway | ScienceDaily
Researchers at the University of Michigan have illuminated a complete sensory pathway showing how the skin communicates the temperature of its surroundings to the brain.


						
This discovery, believed to be the first of its kind, reveals that cool temperatures get their own pathway, indicating that evolution has created different circuits for hot and cold temperatures. This creates an elegant solution for ensuring precise thermal perception and appropriate behavioral responses to environmental changes, said Bo Duan, senior author of the new study.

"The skin is the body's largest organ. It helps us detect our environment and separate, distinguish different stimuli," said Duan, a U-M associate professor of molecular, cellular, and developmental biology. "There are still many interesting questions about how it does this, but we now have one pathway for how it senses cool temperatures. This is the first neural circuit for temperature sensation in which the full pathway from the skin to the brain has been clearly identified."

This work deepens our understanding of fundamental biology and brings us closer to an explanation for how we evolved to inhabit safe temperatures and avoid dangerous extremes, Duan said. But it also has medical implications that can be explored to help improve the quality of life for people in the future.

For example, more than 70% of people who have undergone chemotherapy experience pain caused by cool temperatures, Duan said. The new study found that the neural circuit responsible for sensing innocuous cool does not mediate this type of cold pain. But, in understanding how the cool-sensing circuitry works when it's functioning properly under normal conditions, researchers now have a better chance of discovering what goes wrong in disease or injury. It could also help develop targeted therapies that restore healthy sensation without impairing normal temperature perception.

This research was funded by the National Institutes of Health and performed in collaboration with Shawn Xu and his research team in the U-M Life Sciences Institute.

A cool amplifier discovery

In their study, published in the journal Nature Communications, Duan and his team used sophisticated imaging techniques and electrophysiology to observe how mice transmitted the sensation of cool temperatures from their skin to the brain.




It's an approach the team has applied to other sensations in the past. Headed by postdoctoral research fellow Hankyu Lee and doctoral students Chia Chun Hor and Lorraine Horwitz, the team turned its focus to temperature in this work.

"These tools have allowed us to identify the neural pathways for chemical itch and mechanical itch previously," Duan said. "Working together, the team identified this very interesting, very dedicated pathway for cool sensation."

The cool signal starts at the skin, which is home to molecule sensors that can detect a specific range of temperatures between about 15 and 25 degrees Celsius -- equivalent to 59 and 77 degrees Fahrenheit. When those sensors engage, they excite primary sensory neurons, which send the cool signal to the spinal cord. Here, the team found that the signal is amplified by specialized interneurons, which then activate projection neurons that connect to the brain.

Researchers had previously known about the skin's molecular thermometers -- they, in part, earned researchers in California the 2021 Nobel Prize in Physiology or Medicine -- but the spinal cord's amplifier was an unknown key ingredient. With the amplifier disabled, the cool signal becomes lost in the noise, the team found.

Although the study was performed in mice, each component of the circuit has been shown to be in humans through genetic sequencing, Duan said. So it's likely that we have the same pathway to thank for the refreshing sensation of stepping into an air-conditioned room on a hot summer day.

Moving forward, the team is looking to identify the pathway or pathways involved in acute cold pain.




"I think the painful sensations are going to be more complicated," Duan said. "When we're in riskier situations, there could be multiple pathways involved."

His team is also interested in how the brain processes these various skin signals and how we've evolved not only to differentiate between them, but also connect emotions with them to help protect ourselves. In fact, it's the curiosity around those sorts of questions that originally motivated Duan's work, which he is perpetually reminded of working in Michigan.

"In summer, I love walking along Lake Michigan and having a gentle breeze hit my face. I feel very cool, very comfortable," Duan said. "But the winter is really terrible for me."
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The pandemic's secret aftershock: Inside the gut-brain breakdown | ScienceDaily
A new international study confirmed a significant post-pandemic rise in disorders of gut-brain interaction, including irritable bowel syndrome (IBS) and functional dyspepsia, according to the paper published in Clinical Gastroenterology and Hepatology. 


						
Building on prior research, investigators used Rome Foundation diagnostic tools to analyze nationally representative samples from both 2017 and 2023 -- offering the first direct, population-level comparison of disorders of gut-brain interaction prevalence before and after the COVID-19 pandemic.

Key findings:
    	Overall disorders of gut-brain interaction rose from 38.3% to 42.6%.
    	IBS jumped 28%, from 4.7% to 6%.
    	Functional dyspepsia rose by nearly 44%, from 8.3% to 11.9%.
    	Individuals with long COVID were significantly more likely to have a disorder of gut-brain interaction and reported worse anxiety, depression, and quality of life.

This is the first population-level study to directly compare rates of disorders affecting gut-brain interaction before and after the pandemic, using a consistent methodology. It adds weight to growing calls for updated care models and more research into the gut-brain axis in the post-COVID era.

Irritable bowel syndrome

Irritable bowel syndrome (IBS) is a chronic gastrointestinal disorder that affects the large intestine, characterized by a group of symptoms that commonly include abdominal pain, bloating, and changes in bowel habits such as diarrhea, constipation, or both. Although it does not cause permanent damage to the intestines or lead to more serious conditions, IBS can significantly impact quality of life. The exact cause is not fully understood, but contributing factors may include gut-brain axis dysregulation, altered gut motility, intestinal inflammation, changes in gut microbiota, and heightened sensitivity to certain foods or stress. Diagnosis is typically based on clinical criteria (such as the Rome IV criteria), and treatment often involves dietary modifications, stress management, and symptom-targeted medications.

Functional dyspepsia

Functional dyspepsia is a common chronic disorder that affects the upper digestive tract, causing symptoms such as persistent or recurring pain or discomfort in the upper abdomen, early satiety (feeling full quickly), bloating, and nausea, without an identifiable structural or biochemical cause on standard diagnostic tests. It is considered a disorder of gut-brain interaction, where altered gastrointestinal motility, visceral hypersensitivity, psychosocial factors, and possibly low-grade inflammation contribute to symptom generation. Functional dyspepsia is diagnosed based on clinical criteria, such as the Rome IV guidelines, after ruling out other conditions like peptic ulcers or gastroesophageal reflux disease (GERD). Management typically includes dietary and lifestyle modifications, psychological therapies, and medications such as proton pump inhibitors, prokinetics, or antidepressants, depending on symptom profile and severity.
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This brain circuit may explain fluctuating sensations-and autism | ScienceDaily
The cerebral cortex processes sensory information via a complex network of neural connections. How are these signals modulated to refine perception? A team from the University of Geneva (UNIGE) has identified a mechanism by which certain thalamic projections target neurons and modify their excitability. This work, published in Nature Communications, reveals a previously unknown form of communication between two regions of the brain, the thalamus and the somatosensory cortex. It could explain why the same sensory stimulus does not always elicit the same sensation and open up new avenues for understanding certain mental disorders.


						
The same sensory stimulus can be perceived clearly at times, and remain vague at others. This phenomenon can be explained by the way the brain integrates stimuli. For example, touching an object outside our field of vision may be enough to identify it...or not. These perceptual variations remain poorly understood, but may depend on factors such as attention or the disruptive presence of other stimuli. What is certain, according to neuroscientists, is that when we touch something, sensory signals from receptors in the skin are interpreted by a specialised region called the somatosensory cortex.

On their way to it, the signals pass through a complex network of neurons, including a crucial structure in the brain called the thalamus, which serves as a relay station. However, the process is not one-way. A significant portion of the thalamus also receives feedback from the cortex, forming a loop of reciprocal communication. But the exact role and functioning of this feedback loop are still unclear. Could it play an active role in how we perceive sensory information?

A new modulatory pathway

To explore this question, neuroscientists at UNIGE studied a region at the top of pyramidal neurons of the somatosensory cortex, rich in dendrites - extensions that receive electrical signals from other neurons. ''Pyramidal neurons have rather strange shapes. They are asymmetrical, both in shape and function. What happens at the top of the neuron is different from what happens at the bottom,'' explains Anthony Holtmaat, full professor at the Department of Basic Neurosciences (NEUFO) and the Synapsy Centre for Neuroscience Research for Mental Health at UNIGE's Faculty of Medicine, and director of the study.

His team focused on a pathway in which the top of pyramidal neurons in mice receives projections from a specific part of the thalamus. By stimulating the animal's whiskers - the equivalent of touch in humans - a precise dialogue between these projections and the dendrites of pyramidal neurons was revealed. ''What is remarkable, unlike the regular thalamic projections known to activate pyramidal neurons, is that the part of the thalamus providing feedback modulates their activity, in particular by making them more sensitive to stimuli,'' says Ronan Chereau, senior researcher at NEUFO and co-author of the study.

An unexpected receptor

Using cutting-edge techniques - imaging, optogenetics, pharmacology and, above all, electrophysiology - the research team was able to record the electrical activity of tiny structures such as dendrites. These approaches helped clarify how this modulation works at the synaptic level. Normally, the neurotransmitter glutamate acts as an activation signal. It helps neurons transmit sensory information by triggering an electrical response in the next neuron.




In this newly discovered mechanism, glutamate released from thalamic projections binds to an alternative receptor located in a specific region of the cortical pyramidal neuron. Rather than directly exciting the neuron, this interaction alters its state of responsiveness, effectively priming it for future sensory input. The neuron then becomes more easily activated, as if it were being conditioned to better respond to a future sensory stimulus.

''This is a previously unknown pathway for modulation. Usually, the modulation of pyramidal neurons is ensured by the balance between excitatory and inhibitory neurons, not by this type of mechanism,'' explains Ronan Chereau.

Implications for perception and disorders

By demonstrating that a specific feedback loop between the somatosensory cortex and the thalamus can modulate the excitability of cortical neurons, the study suggests that thalamic pathways do not simply transmit sensory signals, but also act as selective amplifiers of cortical activity. ''In other words, our perception of touch is not only shaped by incoming sensory data, but also by dynamic interactions within the thalamocortical network,'' adds Anthony Holtmaat. This mechanism could also contribute to understanding the perceptual flexibility observed in states of sleep or wakefulness, when sensory thresholds vary. Its alteration could also play a role in certain pathologies, such as autism spectrum disorders.
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400-million-year-old fish exposes big mistake in how we understood evolution | ScienceDaily
The coelacanth is known as a "living fossil" because its anatomy has changed little in the last 65 million years. Despite being one of the most studied fish in history, it continues to reveal new information that could transform our understanding of vertebrate evolution. This is revealed in a study published in the journal Science Advances by researchers from the University of Sao Paulo (USP) in Brazil and the Smithsonian Institution in the United States.


						
Upon re-examining the cranial musculature of the African coelacanth (Latimeria chalumnae), the authors discovered that only 13% of the previously identified evolutionary muscle novelties for the largest vertebrate lineages were accurate. The study also identified nine new evolutionary transformations related to innovations in feeding and respiration in these groups.

"Ultimately, it's even more similar to cartilaginous fish [sharks, rays, and chimaeras] and tetrapods [birds, mammals, amphibians, and reptiles] than previously thought. And even more distinct from ray-finned fish, which make up about half of living vertebrates," says Alessio Datovo, a professor at the Museum of Zoology (MZ) at USP supported by FAPESP, who led the study.

Among the evolutionary novelties erroneously identified as present in coelacanths are muscles responsible for actively expanding the buccopharyngeal cavity, which extends from the mouth to the pharynx. This set of muscles is directly related to food capture and respiration. However, the study showed that these supposed muscles in coelacanths were actually ligaments, which are structures incapable of contraction.

Ray-finned fish (actinopterygii) and lobe-finned fish (sarcopterygii) diverged from a common ancestor approximately 420 million years ago. The sarcopterygii include fish such as coelacanths and lungfish, as well as all other tetrapods, because they evolved from an aquatic ancestor. These include mammals, birds, reptiles, and amphibians.

In ray-finned fish, such as aquarium carp, it is easy to see how the mouth moves to suck in food. This ability gave actinopterygii a significant evolutionary advantage; today, they comprise about half of all living vertebrates.

This is a fundamental difference from other fish, such as coelacanths and sharks, which primarily feed by biting their prey.




"In previous studies, it was assumed that this set of muscles that would give greater suction capacity was also present in coelacanths and, therefore, would have evolved in the common ancestor of bony vertebrates, which we now show isn't true. This only appeared at least 30 million years later, in the common ancestor of living ray-finned fish," points out Datovo.

Behind the scenes

Coelacanths are extremely rare fish that live about 300 meters below the surface of the water and spend their days in underwater caves.

One reason they have changed so little since the extinction of the dinosaurs is that they have few predators and live in a relatively protected environment. This has resulted in slow changes to their genome, as shown by a 2013 study published in the journal Nature.

Coelacanths were first known only from fossils from about 400 million years ago. It was not until 1938 that a living animal was discovered, much to the astonishment of scientists. In 1999, another species (Latimeria chalumnae) was discovered in Asian waters.

Due to the rarity of specimens in museums, researchers from USP and the Smithsonian Institution's National Museum of Natural History had to persevere to find an institution willing to lend animals for dissection.




The Field Museum in Chicago and the Virginia Institute of Marine Science, both in the United States, finally agreed to lend one specimen each. According to Datovo, G. David Johnson, co-author of the article, deserves credit for obtaining the loan.

Johnson, born in 1945, was "probably the greatest fish anatomist of his time," according to Datovo. He died in November 2024 after a domestic accident while the study was under review.

Contribution

"Contrary to what it may seem, dissecting a specimen does not mean destroying it as long as it's done properly," says Datovo.

The researcher, who has been conducting this type of study for over 20 years, spent six months separating all the muscles and skull bones of the coelacanth. These structures are now preserved and can be studied individually by other scientists, eliminating the need to dissect a new animal.

Seeing each muscle and nerve firsthand allowed the authors to identify what was actually in the coelacanth's head with certainty, point out previously undescribed structures, and correct errors that had been repeated in the scientific literature for over 70 years.

"There were many contradictions in the literature. When we finally got to examine the specimens, we detected more errors than we'd imagined. For example, 11 structures described as muscles were actually ligaments or other types of connective tissue. This has a drastic consequence for the functioning of the mouth and breathing, because muscles perform movement, while ligaments only transmit it," he explains.

Due to the position of coelacanths in the vertebrate tree of life, the discovery impacts our understanding of cranial evolution in all other large vertebrate groups.

With this information, the researcher used three-dimensional microtomography images of the skulls of other groups of fish, both extinct and living. These images are made available by other researchers who study fish anatomy when they perform 3D scans.

From images of the skull bones of other fish from completely extinct lineages, Datovo and Johnson were able to infer where the muscles found in coelacanths would fit, elucidating the evolution of these muscles in the first jawed vertebrates. In future work, Datovo intends to analyze similarities with the muscles of tetrapods, such as amphibians and reptiles.
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Clockwork from scratch: How scientists made timekeeping cells | ScienceDaily
A team of UC Merced researchers has shown that tiny artificial cells can accurately keep time, mimicking the daily rhythms found in living organisms. Their findings shed light on how biological clocks stay on schedule despite the inherent molecular noise inside cells.


						
The study, recently published in Nature Communications, was led by bioengineering Professor Anand Bala Subramaniam and chemistry and biochemistry Professor Andy LiWang. The first author, Alexander Zhang Tu Li, earned his Ph.D. in Subramaniam's lab.

Biological clocks -- also known as circadian rhythms -- govern 24-hour cycles that regulate sleep, metabolism and other vital processes. To explore the mechanisms behind the circadian rhythms of cyanobacteria, the researchers reconstructed the clockwork in simplified, cell-like structures called vesicles. These vesicles were loaded with core clock proteins, one of which was tagged with a fluorescent marker.

The artificial cells glowed in a regular 24-hour rhythm for at least four days. However, when the number of clock proteins was reduced or the vesicles were made smaller, the rhythmic glow stopped. The loss of rhythm followed a reproducible pattern.

To explain these findings, the team built a computational model. The model revealed that clocks become more robust with higher concentrations of clock proteins, allowing thousands of vesicles to keep time reliably -- even when protein amounts vary slightly between vesicles.

The model also suggested another component of the natural circadian system -- responsible for turning genes on and off -- does not play a major role in maintaining individual clocks but is essential for synchronizing clock timing across a population.

The researchers also noted that some clock proteins tend to stick to the walls of the vesicles, meaning a high total protein count is necessary to maintain proper function.




"This study shows that we can dissect and understand the core principles of biological timekeeping using simplified, synthetic systems," Subramaniam said.

The work led by Subramaniam and LiWang advances the methodology for studying biological clocks, said Mingxu Fang, a microbiology professor at Ohio State University and an expert in circadian clocks.

"The cyanobacterial circadian clock relies on slow biochemical reactions that are inherently noisy, and it has been proposed that high clock protein numbers are needed to buffer this noise," Fang said. "This new study introduces a method to observe reconstituted clock reactions within size-adjustable vesicles that mimic cellular dimensions. This powerful tool enables direct testing of how and why organisms with different cell sizes may adopt distinct timing strategies, thereby deepening our understanding of biological timekeeping mechanisms across life forms."

Subramaniam is a faculty member in the Department of Bioengineering and an affiliate of the Health Sciences Research Institute (HSRI). LiWang is a faculty member in the Department of Chemistry and Biochemistry, also affiliated with HSRI. He is a fellow of the American Academy of Microbiology and the 2025 recipient of the Dorothy Crowfoot Hodgkin Award from The Protein Society.

The work was supported by Subramaniam's National Science Foundation CAREER award from the Division of Materials Research and by grants from the National Institutes of Health and Army Research Office awarded to LiWang. LiWang was supported by a fellowship from the NSF CREST Center for Cellular and Biomolecular Machines at UC Merced.
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Columbia scientists turn yogurt into a healing gel that mimics human tissue | ScienceDaily
Researchers from Columbia Engineering have established a framework for the design of bioactive injectable hydrogels formulated with extracellular vesicles (EVs) for tissue engineering and regenerative medicine applications.


						
Published on July 25 in Matter, Santiago Correa, assistant professor of biomedical engineering at Columbia Engineering, and his collaborators describe an injectable hydrogel platform that uses EVs from milk to address longstanding barriers in the development of biomaterials for regenerative medicine. EVs are particles naturally secreted by cells and carry hundreds of biological signals, like proteins and genetic material, enabling sophisticated cellular communication that synthetic materials cannot easily replicate.

In this study, Correa and colleagues designed a hydrogel system where EVs play a dual role: they act as bioactive cargo but also serve as essential structural building blocks, by crosslinking biocompatible polymers to form an injectable material. Using an unconventional approach that leveraged milk EVs from yogurt, the team was able to overcome yield constraints that hinder the development of EV-based biomaterials. The yogurt EVs enabled the hydrogel to both mimic the mechanics of living tissue and actively engage surrounding cells, promoting healing and tissue regeneration without the need for additional chemical additives.

"This project started as a basic question about how to build EV-based hydrogels. Yogurt EVs gave us a practical tool for that, but they turned out to be more than a model," said Correa who led the study with Artemis Margaronis, an NSF graduate research fellow in the Correa lab. "We found that they have inherent regenerative potential, which opens the door to new, accessible therapeutic materials."

Correa directs the Nanoscale Immunoengineering Lab at Columbia University, where his research focuses on drug delivery and immunoengineering. He is also a member of the Herbert Irving Comprehensive Cancer Center and collaborated on this project with Kam Leong, a fellow Columbia Engineering faculty member. The study was further strengthened through international collaboration with researchers from the University of Padova, including Elisa Cimetta (Department of Industrial Engineering) and graduate student Caterina Piunti. By combining Padova team's expertise in agricultural EV sourcing with the Correa lab's experience in nanomaterials and polymer-based hydrogels, the team demonstrated the power of cross-disciplinary, global partnerships in advancing biomaterials innovation.

By using yogurt-derived EVs, the team defined a design space for generating hydrogels that incorporate EVs as both structural and biological elements. They further validated the approach using EVs derived from mammalian cells and bacteria, demonstrating that the platform is modular and compatible with diverse vesicle sources. This could open the door to advanced applications in wound healing and regenerative medicine, where current treatments often fall short in promoting long-term tissue repair. By integrating EVs directly into the hydrogel structure, the material enables sustained delivery of their bioactive signals. Because the hydrogel is injectable, it can also be delivered locally to damaged tissue.

Early experiments show that yogurt EV hydrogels are biocompatible and drive potent angiogenic activity within one week in immunocompetent mice, demonstrating that agricultural EVs not only enable fundamental biomaterials research but also hold therapeutic potential as a next-generation biotechnology. In mice, the material showed no signs of adverse reaction and instead promoted the formation of new blood vessels, a key step in effective tissue regeneration. Correa's team also observed that the hydrogel creates a unique immune environment enriched in anti-inflammatory cell types, which may contribute to the observed tissue repair processes. The team is now exploring how this immune response could help guide tissue regeneration.

"Being able to design a material that closely mimics the body's natural environment while also speed up the healing process opens a new world of possibilities for regenerative medicine," said Margaronis. "Moments like these remind me why the research field in biomedical engineering is always on the cusp of something exciting."
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Walk faster, live longer: How just 15 minutes a day can boost lifespan | ScienceDaily
Regular walking is widely recognized for its significant benefits to overall health and well-being. Previous research has primarily focused on middle-to-high-income White populations. Now, a novel analysis using data from the Southern Community Cohort Study, involving 79,856 predominantly low-income and Black individuals across 12 southeastern US states, confirms the benefits of regular walking, especially at a faster pace, within a crucial, underrepresented group. The new study appearing in the American Journal of Preventive Medicine, published by Elsevier, underscores the importance of promoting walking, particularly at a brisk pace, as an effective form of physical activity for improving health.


						
Lead investigator Wei Zheng, MD, PhD, Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center, School of Medicine, Vanderbilt University, and Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical Center, says, "While the health benefits of daily walking are well-established, limited research has investigated effects of factors such as walking pace on mortality, particularly in low-income and Black/African-American populations. Our research has shown that fast walking as little as 15 minutes a day was associated with a nearly 20% reduction in total mortality, while a smaller reduction in mortality was found in association with more than three hours of daily slow walking. This benefit remained strong even after accounting for other lifestyle factors and was consistent across various sensitivity analyses."

Participants reported the average amount of time per day (minutes) they typically spend "walking slowly (such as moving around, walking at work, walking the dog, or engaging in light exercise)" and "walking fast (such as climbing stairs, brisk walking, or exercising)." Information regarding vital status and cause of death was obtained by linking the cohort to the National Death Index.

The protective effect of fast walking extended to all causes of death but was most pronounced for cardiovascular diseases. Importantly, the benefits of fast walking were independent of overall leisure-time physical activity levels (LTPA). Even for those who are already engaged in slow walking or some LTPA, adding more fast walking further reduced mortality.

According to the study the benefits of fast walking related to cardiovascular health are:
    	Boosts heart efficiency: As an aerobic exercise, fast walking improves cardiac output, increases oxygen delivery, and enhances the efficiency of the heart's pumping action, leading to better overall cardiovascular health.
    	Manages cardiovascular risk factors: Regular fast walking helps control body weight and composition, reducing obesity and related risks like hypertension and dyslipidemia.
    	Highly accessible: Fast walking is a convenient, low-impact activity suitable for individuals of all ages and fitness levels.

Low-income populations often face economic constraints and are more likely to reside in impoverished, highly polluted communities with limited access to safe walking spaces. Additionally, these populations tend to have a higher prevalence of lifestyle behaviors that may increase disease risk and mortality, such as lower quality diet, cigarette smoking, and heavy alcohol consumption. At the same time, there are other challenges for individuals with low income such as lack of access to health insurance or healthcare that may also increase mortality. These factors collectively contribute to an increased mortality among low-income individuals and may potentially elucidate the racial disparities observed in longevity. By demonstrating the benefits of fast walking in this study, this research provides direct evidence to inform targeted interventions and policies to improve health equity.

Lead author of the article Lili Liu, MPH, Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center, School of Medicine, and Vanderbilt University, Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical Center, concludes, "Public health campaigns and community-based programs can emphasize the importance and availability of fast walking to improve health outcomes, providing resources and support to facilitate increased fast walking within all communities. Furthermore, the findings of the reduced mortality associated with fast walking pace were supported by previous studies conducted in middle- and upper-middle-income populations. Individuals should strive to incorporate more intense physical activity into their routines, such as brisk walking or other forms of aerobic exercise."
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This gut hormone could explain 40% of IBS-D cases-and lead to a cure | ScienceDaily
High levels of a hormone found in cells in the gut could underlie many cases of chronic diarrhea and help explain up to 40% of cases of patients with irritable bowel syndrome with diarrhea, according to a new study led by scientists at the University of Cambridge.


						
The research, published in the journal Gut, could help in the development of a blood test and points towards a potential new treatment.

When we eat, the liver releases bile acid to break down fats so that they can be absorbed into the body. Bile acid is released into the top end of the small intestine and then absorbed back into the body at the lower end.

However, around one person in every 100 is affected by a condition known as bile acid diarrhea (also known as bile acid malabsorption), whereby the bile acid is not properly re-absorbed and makes its way into the large intestine (colon). It can trigger urgent and watery diarrhea, and patients can risk episodes of incontinence.

Bile acid diarrhea can be difficult to diagnose as there are currently no routine clinical blood tests. Many individuals are given a diagnosis of irritable bowel syndrome (IBS), an umbrella term for a range of conditions. As many as one in 20 people is thought to have IBS, of which an estimated one in three patients with diarrhea as their main symptom have undiagnosed bile acid diarrhea.

Studies in mice have previously suggested that the gut hormone known as Insulin-Like Peptide 5 (INSL5) - present in cells at the far end of the colon and rectum - may play a role in chronic diarrhea. INSL5 is released by these cells when irritated by bile acid.

Researchers at the Institute of Metabolic Science, University of Cambridge, have been exploring whether this hormone might also underlie chronic diarrhea in humans. This has been possible thanks to a new antibody test developed by pharmaceutical company Eli Lilly, with whom the team is collaborating, which allows them to measure tiny amounts of INSL5.




A study at the University of Adelaide looking at ways to trigger release of the gut hormone GLP-1 - the hormone upon which weight-loss drugs are based - previously found that giving a bile acid enema to healthy volunteers triggered release of GLP-1, but had the unintended consequence of causing diarrhea. When the Cambridge team analyzed samples from this study, they found that the bile acid enema caused levels of INSL5 to shoot up temporarily - and the higher the INSL5 levels, the faster the volunteers needed to use the toilet. This confirmed that INSL5 is likely to play a role in chronic cases of diarrhea.

When the team analyzed samples obtained from Professor Julian Walters at Imperial College London, which include samples from patients with bile acid diarrhea, they found that while levels of INSL5 were almost undetectable in healthy volunteers, they were much higher in patients with bile acid diarrhea. In addition, the higher the INSL5 level, the more watery their stool samples.

Dr Chris Bannon from the University of Cambridge, the study's first author, said: "This was a very exciting finding because it showed us that this hormone could be playing a big part in symptoms of this misunderstood condition. It also meant it might allow us to develop a blood test to help diagnose bile acid diarrhea if INSL5 levels are only high in these individuals.

"When you go to the doctor with chronic diarrhea, it's likely they'll test for food intolerances, rule out an infection or look for signs of inflammation. There has been significant research interest in the microbiome, but gut hormones have been neglected. But it's becoming increasingly clear that gut hormones play an important role in things like gut health and weight management."

INSL5 also provides a potential target for treatment. Dr Bannon and colleagues obtained further samples from Professor Robin Spiller at the University of Nottingham, who had given the anti-sickness medication ondansetron - known to block the action of INSL5 in mice - to patients with IBS. Analysis of these samples by the Cambridge team showed that around 40% of these patients had raised levels of INSL5, even though they had had bile acid malabsorption ruled out, and these patients responded best to ondansetron.

Exactly why ondansetron is effective is currently unclear, though a known side effect of the drug is constipation. The team will now be investigating this further, hopeful that it will allow them either to repurpose the drug or to develop even better treatments. Bile acid diarrhea is usually treated with so-called bile acid sequestrants, but these are only effective in around two-thirds of patients.

Dr Bannon added: "I often get asked why we would have a hormone that gives you diarrhea. I think of it as a kind of poison sensor. Bile acids aren't meant to be in the colon - they're an irritant to the colon and they're toxic to the microbiome. It makes sense that you would have something that detects toxins and helps the body rid itself of them. But a problem develops if it's always being triggered by bile acid, causing very dramatic symptoms."

Dr Bannon is a clinical fellow in the group led by Professors Fiona Gribble and Frank Reimann at the Institute of Metabolic Science, University of Cambridge.

The research was supported by the Medical Research Council and Wellcome, with additional support from the National Institute for Health and Care Research Cambridge Biomedical Research Centre.
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Did humans learn to walk in trees? | ScienceDaily
It's hard to tell when -- and why -- our ancestors got down from trees and started walking on two legs. Many early hominins capable of bipedal walking were also well-adapted for climbing, and we lack fossil evidence from a key period when climate change turned forests into open, dry woodland called savannah-mosaic, which might have pushed hominins onto the ground. Now a study on modern chimpanzees could help fill in the gaps. Scientists observing chimpanzees in the Issa Valley, Tanzania have shown that despite living in a savannah-mosaic, they frequently climb trees for valuable food -- potentially explaining why early hominins kept their arboreal adaptations.


						
"For decades it was assumed that bipedalism arose because we came down from the trees and needed to walk across an open savannah," said Dr Rhianna Drummond-Clarke of the Max Planck Institute for Evolutionary Anthropology, lead author of the article in Frontiers in Ecology and Evolution. "Here we show that safely and effectively navigating the canopy can remain very important for a large, semi-arboreal ape, even in open habitat. Adaptations to arboreal, rather than terrestrial, living may have been key in shaping the early evolution of the human lineage."

Habitats and hunger 

Issa Valley is divided between a small amount of thick forest surrounding riverbanks and open woodland. The chimpanzees forage more in the woodland during the dry season, when it offers more food. Their habitat and diet are comparable to those of some early hominins, which means their behavior might offer insights into those extinct hominins' lives.

"Our previous research found that, compared to chimpanzees living in forests, Issa Valley chimpanzees spent just as much time moving in the trees," said Drummond-Clarke. "We wanted to test if something about how they foraged could explain their unexpectedly high arboreality. Savannah-mosaics are characterized by more sparsely distributed trees, so we hypothesized that adapting behavior to forage efficiently in a tree would be especially beneficial when the next tree is further away."

Researchers monitored the adults of the Issa community during the dry season, watching how they foraged in trees and what they ate there. The size, height, and shape of the trees were recorded, as well as the number and size of branches.

Issa chimpanzees mostly ate fruit, followed by leaves and flowers -- foods found at the ends of branches, so the chimpanzees needed to be capable climbers to reach them safely. They spent longer foraging in trees that were larger and offered more food. The longest foraging sessions, and the most specialized behaviors to navigate thinner terminal branches, were seen in trees with large open crowns offering lots of food: perhaps abundant food justified the extra time and effort. A similar trade-off between the nutritional benefits of specific foods and the effort of acquiring them could also explain why chimpanzees spent longer in trees while eating nutritionally-rich, hard-to-access seeds.




Fast food 

Because they are relatively large, chimpanzees move within trees not by climbing on thin branches but by hanging under them, or standing upright and holding on to nearby branches with their hands. Although these 'safe' behaviors are traditionally associated with foraging in dense forest, these findings show they're also important for chimpanzees foraging in a savannah-mosaic.

"We suggest our bipedal gait continued to evolve in the trees even after the shift to an open habitat," said Drummond-Clarke. "Observational studies of great apes demonstrate they can walk on the ground for a few steps, but most often use bipedalism in the trees. It's logical that our early hominin relatives also engaged in this kind of bipedalism, where they can hold onto branches for extra balance. If Issa Valley chimpanzees can be considered suitable models, suspensory and bipedal behaviors were likely vital for a large-bodied, fruit-eating, semi-terrestrial hominin to survive in an open habitat."

However, the researchers say that we need more fossil evidence and more studies on different aspects of chimpanzee foraging to test this idea.

"This study only looked at foraging behavior during the dry season," cautioned Drummond-Clarke. "It would be interesting to investigate if these patterns remain during the wet season. Analyses of the nutritional value of foods and overall food availability are also needed to test our hypothesis that a strategy of foraging for longer in large trees on certain foods is energy-efficient in an open habitat.

"Importantly, this is also only one community of chimpanzees. Future studies of other chimpanzees living in such dry, open habitats will be vital to see if these patterns are truly a savannah-mosaic signal or unique to Issa."
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The real-life Kryptonite found in Serbia-and why it could power the future | ScienceDaily
    	Jadarite has been likened to Superman's 'kryptonite' based on their similar chemical compositions.
    	It was discovered in the Jadar Valley of Serbia and officially recognized as a new mineral in 2006.
    	Whilst lacking any actual superpowers, jadarite has great potential as an important resource of lithium and boron.

Kryptonite's twin on Earth 

Described as 'Earth's kryptonite twin', jadarite is a rare and fascinating mineral that quickly caught the attention of scientists and Superman fans alike.

The mineral was discovered by exploration geologists from Rio Tinto in 2004 in the Jadar Valley of Serbia. Its chemical composition is exactly like the fictional kryptonite right out of the comic books -- with a few differences. Where kryptonite glows green and weakens superheroes, jadarite offers immense potential for Earth's energy transition away from fossil fuels.

A new mineral on the scene 

Jadarite was identified by Rio Tinto geologists during exploration drilling and didn't match any known mineral at the time. After analysis by the Natural History Museum in London and the National Research Council of Canada, it was officially recognised as a new mineral in 2006.

Jadarite is a "sodium lithium boron silicate hydroxide" mineral, coincidentally the same scientific name written on a case containing kryptonite stolen by Lex Luther from a museum in the film Superman Returns.




While the film version of kryptonite contains fluorine and glows an eery green, the chemical formula of the real version is LiNaSiB3O7(OH) and is a much less supernatural dull white -- though it does fluoresce a pinkish-orange under UV light.

Super in its own right 

Michael Page, a scientist with Australia's Nuclear Science and Technology Organisation (ANSTO), said that the mineral is 'super' in its own right.

"While lacking any supernatural powers the real jadarite has great potential as an important source of lithium and boron," Michael said.

"In fact, the Jadar deposit where it was first discovered is considered one of the largest lithium deposits in the world, making it a potential game-changer for the global green energy transition."

ANSTO is one of the three supporting agencies of the Australian Critical Minerals R&D Hub, alongside Geoscience Australia and CSIRO, hosted by CSIRO. One of the Hub's key missions is to better connect Australia's R&D ecosystem, including Australian industry, to enable access and utilization of critical minerals to strengthen Australia's value chain domestically and across the globe.

The work that ANSTO does has a significant focus on how these critical minerals, such as jadarite, can be utilised to support Australian industry in a commercial capacity.

"At ANSTO, we work with industry to develop process solutions for many critical elements including lithium, and the challenges posed by a new type of mineral resource are very exciting," Michael said.

ANSTO has produced battery grade lithium chemicals from many different mineral deposits, such as spodumene, lepidolite and even jadarite, ensuring that Australian miners receive the support they need to meet the challenges of the energy transition.
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Walk faster, age slower: The 14-step boost that builds strength | ScienceDaily
Frailty is a medically defined condition in older adults that increases vulnerability to everyday stresses, leading to a higher risk of falls, hospitalization and loss of independence. Warning signs of frailty include:


						    	Unintentional weight loss
    	Moving slowly
    	Feeling weak
    	Persistent tiredness
    	Low levels of physical activity

Because most of these signs have a direct link to how active someone is, walking is a particularly effective way to help older adults improve their overall health and quality of life and maintain independence for longer.

But a common question remains: How fast should older adults walk to see real benefits? Traditionally, the "talk test" has been used to guide walking intensity: people are encouraged to walk at a pace that makes it difficult to sing but still allows for comfortable conversation. However, this method is subjective and difficult to apply consistently.

A new study led by researchers at the University of Chicago Medicine found that walking slightly faster -- 14 steps per minute more than a person's usual pace -- led to meaningful improvements in physical function among older adults who were frail or at risk of becoming frail. In a second study, the researchers developed and tested a smartphone app designed to accurately measure walking pace, making it easier to integrate this beneficial practice into daily life.

Why study walking pace?

Walking cadence -- the number of steps taken per minute -- is an intuitive and pragmatic way to measure walking intensity. Daniel Rubin, MD, an anesthesiologist at UChicago Medicine, became interested in cadence because of his clinical experience evaluating older patients preparing for surgery.

"Older adults have a high risk of complications associated with surgery," he said. "Traditionally, surgical teams have relied on physical function questionnaires to risk stratify patients, but I thought there must be a way to develop more objective metrics."

Walking faster is healthier




In a secondary analysis of a randomized controlled trial, Rubin and his colleagues studied older adults classified as frail or prefrail. Participants were enrolled in structured walking programs within their retirement communities, guided and assessed by clinical research staff, and cadence was measured by a device fitted to their thigh. One group was encouraged to walk "as fast as safely possible," while another group walked at their usual comfortable pace.

The study's results showed clear benefits: those who increased their cadence by at least 14 steps per minute above their usual pace (to roughly 100 steps per minute) experienced substantial improvements in their functional capacity, demonstrated by their ability to walk longer distances in a standardized test.

"People who haven't experienced frailty can't imagine how big a difference it makes to be able to not get tired going to the grocery store or not need to sit down while they're out," Rubin said.

An intuitive walking app

Building on these findings, Rubin's team created a smartphone app called "Walk Test," which they designed specifically for measuring walking cadence accurately.

"We didn't necessarily trust smartphones' built-in analytics," Rubin said. "Instead, we built an app that uses a novel open-source method to analyze the data measured by the phone and lets us actively engage users in brief, deliberate walking tests, ensuring accurate measurement."

Validation testing showed that the app counts steps per minute with exceptional accuracy, closely matching specialized, research-grade accelerometers. Rubin noted that Walk Test was designed for accessibility and user-friendliness in addition to accuracy.




"We wanted to make it as low-barrier as possible so it's easy for older adults to use without additional equipment," he said. "The people who need the most help are usually the least well-equipped to get started."

Practical advice for daily life

The research highlights walking as a widely accessible exercise with substantial health benefits.

"Even casual walking had positive effects on our study participants," Rubin said. But for those who are able, increasing their walking pace judiciously can yield even greater results.

To use cadence to guide your walking intensity, start by measuring your usual walking pace in steps per minute to establish a baseline. From there, try increasing your pace slightly to find a level that still feels comfortable but brisker.

To maintain a steady and elevated cadence, Rubin recommends using a metronome app to match your steps to a consistent beat. While the Walk Test app developed by the research team is not yet available to the public, metronome apps are a simple alternative that can help walkers stay on pace and track progress over time.

These methods can help integrate faster-paced walking into daily routines, offering a simple yet effective strategy to people who want to stay healthier and more independent as they age.
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Eggs are off the hook-study reveals bacon's the real heart risk | ScienceDaily
From poached to panfried, when it comes to eggs, it's all sunny side up, as new research from the University of South Australia confirms that this breakfast favourite won't crack your cholesterol.


						
Long blamed for high cholesterol, eggs have been beaten up for their assumed role in cardiovascular disease (CVD). Now, UniSA researchers have shown definitively that it's not dietary cholesterol in eggs but the saturated fat in our diets that's the real heart health concern.

In a world-first study, researchers examined the independent effects of dietary cholesterol and saturated fat on LDL cholesterol (the 'bad' kind), finding that eating two eggs a day - as part of a high cholesterol but low saturated fat diet - can actually reduce LDL levels and lower the risk of heart disease.

CVD is the leading cause of death worldwide, responsible for nearly 18 million deaths each year. In Australia, one person dies from CVD every 12 minutes, accounting for one in four of deaths nationwide.

Lead researcher, UniSA's Professor Jon Buckley, says it's time to rethink the reputation of eggs.

"Eggs have long been unfairly cracked by outdated dietary advice," Prof Buckley says.

"They're unique - high in cholesterol, yes, but low in saturated fat. Yet it's their cholesterol level that has often caused people to question their place in a healthy diet.




"In this study, we separated the effects of cholesterol and saturated fat, finding that high dietary cholesterol from eggs, when eaten as part of a low saturated fat diet, does not raise bad cholesterol levels.

"Instead, it was the saturated fat that was the real driver of cholesterol elevation.

"You could say we've delivered hard-boiled evidence in defense of the humble egg.

"So, when it comes to a cooked breakfast, it's not the eggs you need to worry about - it's the extra serve of bacon or the side of sausage that's more likely to impact your heart health."
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Science tested 64 natural remedies for depression-only a few actually work | ScienceDaily
Most people have heard of St John's Wort and omega-3s. But did you know there are a lot more over-the-counter herbal products and supplements out there targeting depression?In our review of clinical trials of these products, we found 64 different over-the-counter (OTC) products that have been evaluated for depression - but with differing levels of evidence for each.


						
Why look at this topic?

Depression is increasingly common, to the extent that it is sometimes described as an epidemic. In the UK, 11.3% of people report mild depressive symptoms, 4.2% moderate depressive symptoms, and 3.3% severe depressive symptoms. Many of us know someone who struggles with minor or moderate levels of depression, or we may struggle from depressive symptoms ourselves. Often, we will try many things to help, such as antidepressants, talking therapies, meditation, or exercise. One common treatment people try is OTC products which are widely available and accessible from supermarkets, pharmacies, health food shops, and online.

Once you start looking into which OTC product might be helpful, the list becomes endless. This is particularly the case if you read online blogs or look at social media promotion of various products. How do we know what is evidence-based? What products are effective? Are they safe?

Given my background, I was naturally interested in understanding which products might be helpful and where research should focus next.

What did we do?

As a team we reviewed 23,933 study records and 1,367 papers. Overall, we found 209 clinical trials that assessed 64 OTC products for depression where the product was taken for more than one week. We focused on the most rigorous way of evaluating the effectiveness and safety - clinical trials. Studies in adults aged 18-60 years with depression symptoms or a diagnosis were included. We also checked if there was an age bias by reviewing trials in older people separately and found there is. This project is part of a larger series of studies, also looking into products for anxiety and insomnia.




It can be challenging to classify OTC products - different countries have different regulations, and some products are commonly used in some places but not in others. Two volunteers from the public helped us to narrow our choices, which helped us exclude some very obscure products, such as eels' head powder!

So what did we find? 

We anticipated a lot of studies, but over 200 was more than we expected! We had to recruit an intern to help us to sort through the findings. Studies were not always straightforward - some tested multiple doses or products, some were in addition to antidepressants and in some trials people had a range of physical conditions in addition to depression. We grouped our findings into products with substantive evidence (more than 10 trials), emerging evidence (between two and nine trials), and single trials only.

The products with substantive evidence are those that are well known - omega-3s (39 trials), St John's Wort (38), probiotics (18) and vitamin D (14) - as well as saffron (18), which is important in the Middle East and parts of Asia.

Compared to placebo, fewer omega-3 trials found effects for depression than those that found no effects. However, St John's Wort and saffron more often showed effects compared to placebo, and similar results to prescription antidepressants. Probiotics and vitamin D were more likely to reduce depressive symptoms than placebo.

Out of the 18 products with emerging evidence, folic acid, lavender, zinc, tryptophan, rhodiola, and lemon balm were the most promising. Bitter orange, Persian lavender, and chamomile tea also showed positive effects in two trials each. Some products that are gaining in popularity, such as melatonin, magnesium, and curcumin, showed mixed effects upon depression across multiple clinical trials. Mixed results were also found for cinnamon, echium, vitamin C, and a combination of vitamin D plus calcium. Prebiotics, which support the good bacteria in our gut, and a supplement called SAMe did not seem to be better than placebo. 41 products had only a single trial available. This is helpful as a starting point, but does not give us conclusive evidence.




It's good news that very few safety concerns arose from any of these products, whether they were taken alone or in combination with antidepressants. However, a healthcare professional should always be consulted on whether a product might interact with something else you are taking. A higher standard of safety reporting in trials is essential - only 145 (69%) of the examined studies fully reported any side effects from the products.

What do we recommend for the future?

Whilst 89 trials tested products in combination with antidepressants, few looked at whether taking OTC products whilst having talking therapies has an additional effect. There was also only one study that looked at whether taking an OTC product (folic acid) saved the health service money - it was not more effective than placebo and did not lead to savings - but knowing more about this would be useful in future. Some evidence is also available for often overlooked OTC products.

So, what we have is relatively conclusive evidence for some products. When we looked at surveys of what people commonly take,chamomile, lavender, lemon balm, and echiumemerged as commonly consumed products with an emerging evidence base, which we recommend be studied further. Other commonly used herbal medicines for depressive symptoms are ginseng, gingko, lime flowers, orange blossom, and peppermint, but no studies have evaluated these products. Thus, our study has pioneered an exploration into what research is needed to further assess such widely used health care products.
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Scientists just invented a safer non-stick coating-and it's inspired by arrows | ScienceDaily
A new material developed by researchers from University of Toronto Engineering could offer a safer alternative to the non-stick chemicals commonly used in cookware and other applications.


						
The new substance repels both water and grease about as well as standard non-stick coatings -- but it contains much lower amounts of per- and polyfluoroalkyl substances (PFAS), a family of chemicals that have raised environmental and health concerns.

"The research community has been trying to develop safer alternatives to PFAS for a long time," says Professor Kevin Golovin, who heads the Durable Repellent Engineered Advanced Materials (DREAM) Laboratory at U of T Engineering.

"The challenge is that while it's easy to create a substance that will repel water, it's hard to make one that will also repel oil and grease to the same degree. Scientists had hit an upper limit to the performance of these alternative materials."

Since its invention in the late 1930s, Teflon -- also known as polytetrafluoroethylene or PTFE -- has become famous for its ability to repel water, oil and grease alike. Teflon is part of a larger family of substances known as per- and polyfluoroalkyl substances (PFAS).

PFAS molecules are made of chains of carbon atoms, each of which is bonded to several fluorine atoms. The inertness of carbon-fluorine bonds is responsible for the non-stick properties of PFAS.

However, this chemical inertness also causes PFAS to resist the normal processes that would break down other organic molecules over time. For this reason, they are sometimes called 'forever chemicals.'




In addition to their persistence, PFAS are known to accumulate in biological tissues, and their concentrations can become amplified as they travel up the food chain.

Various studies have linked exposure to high levels of PFAS to certain types of cancer, birth defects and other health problems, with the longer chain PFAS generally considered more harmful than the shorter ones.

Despite the risks, the lack of alternatives means that PFAS remain ubiquitous in consumer products: they are widely used not only in cookware, but also in rain-resistant fabrics, food packaging and even in makeup.

"The material we've been working with as an alternative to PFAS is called polydimethylsiloxane or PDMS," says Golovin.

"PDMS is often sold under the name silicone, and depending on how it's formulated, it can be very biocompatible -- in fact it's often used in devices that are meant to be implanted into the body. But until now, we couldn't get PDMS to perform quite as well as PFAS."

To overcome this problem, PhD student Samuel Au developed a new chemistry technique that the team is calling nanoscale fletching. The technique is described in a paper published in Nature Communications.




"Unlike typical silicone, we bond short chains of PDMS to a base material -- you can think of them like bristles on a brush," says Au.

"To improve their ability to repel oil, we have now added in the shortest possible PFAS molecule, consisting of a single carbon with three fluorines on it. We were able to bond about seven of those to the end of each PDMS bristle.

"If you were able to shrink down to the nanometer scale, it would look a bit like the feathers that you see around the back end of an arrow, where it notches to the bow. That's called fletching, so this is nanoscale fletching."

Au and the team coated their new material on a piece of fabric, then placed drops of various oils on it to see how well it could repel them. On a scale developed by the American Association of Textile Chemists and Colorists, the new coating achieved a grade of 6, placing it on par with many standard PFAS-based coatings.

"While we did use a PFAS molecule in this process, it is the shortest possible one and therefore does not bioaccumulate," says Golovin.

"What we've seen in the literature, and even in the regulations, is that it's the longest-chain PFAS that are getting banned first, with the shorter ones considered much less harmful. Our hybrid material provides the same performance as what had been achieved with long-chain PFAS, but with greatly reduced risk."

Golovin says that the team is open to collaborating with manufacturers of non-stick coatings who might wish to scale up and commercialize the process. In the meantime, they will continue working on even more alternatives.

"The holy grail of this field would be a substance that outperforms Teflon, but with no PFAS at all," says Golovin.

"We're not quite there yet, but this is an important step in the right direction."
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Scientists modeled nuclear winter-the global food collapse was worse than expected | ScienceDaily
A nuclear winter is a theoretical concept, but if the climate scenario expected to follow a large-scale nuclear war, in which smoke and soot from firestorms block sunlight, came to fruition, global temperatures would sharply drop, extinguishing most agriculture. A nuclear winter could last for more than a decade, potentially leading to widespread famine for those who survive the devastation of the bomb blasts. Now, a team led by researchers at Penn State have modeled precisely how various nuclear winter scenarios could impact global production of corn -- the most widely planted grain crop in the world. They also recommended preparing "agricultural resilience kits" with seeds for faster-growing varieties better adapted to colder temperatures that could potentially help offset the impact of nuclear winter, as well as natural disasters like volcanic eruptions.


						
In findings recently published in Environmental Research Letters, the team reported that the level of corn crop decline would vary, depending on the scale of the conflict. A regional nuclear war, which would send about 5.5 tons of soot into the atmosphere, could reduce world-wide annual corn production by 7%. A large-scale global war, injecting 165 tons of soot into the atmosphere, could lead to an 80% drop in annual corn yields. In all, the study simulated six nuclear war scenarios with varying soot injections.

Because of the crop's global significance, the researchers chose to model corn's collapse in a nuclear winter to represent the expected fate of agriculture overall, according to study first author Yuning Shi, associate research professor in Penn State's Department of Plant Science. He noted that an 80% drop in global crop production would have catastrophic consequences, leading to a widespread global food crisis. Even a 7% drop in global crop production would have a severe impact on the global food system and economy, likely resulting in increased food insecurity and hunger.

The simulations were possible thanks to the Cycles agroecosystem model, created a few years ago by scientists in Penn State's College of Agricultural Sciences, including lead developer Armen Kemanian, professor of production systems and modeling and corresponding author on this study. Using high-performance computing and considering atmospheric conditions, Cycles enables large-scale, high-resolution, multi-year simulations of crop growth by meticulously tracking the carbon and nitrogen cycles within the soil-plant-atmosphere system.

"We simulated corn production in 38,572 locations under the six nuclear war scenarios of increasing severity -- with soot injections ranging from 5 to 165 tons," Shi said. "This investigation advances our understanding of global agricultural resilience and adaptation in response to catastrophic climatic disruptions."

In addition to considering the effects of massive amounts of soot in the atmosphere, the researchers modeled the increase in UV-B radiation -- a type of ultraviolet radiation that can lead to DNA damage, oxidative stress and reduced photosynthesis in plants -- that would reach Earth's surface in a nuclear winter that could further limit agriculture.

Shi said he believes that this was the first study to estimate the extent of UV-B radiation damage to agriculture after nuclear explosions, which the researchers predicted would peak six to eight years after a global war. They estimated this could further cut corn production by an additional 7%, for a total worst-case scenario of an 87% drop in corn production.




Ozone high in Earth's atmosphere effectively absorbs the bulk of UV radiation the planet receives from the sun, but nuclear war would dismantle this ability, Shi explained.

"The blast and fireball of atomic explosions produce nitrogen oxides in the stratosphere," he said. "The presence of both nitrogen oxides and heating from absorptive soot could rapidly destroy ozone, increasing UV-B radiation levels at the Earth's surface. This would damage plant tissue and further limit global food production."

While the predictions point to potentially catastrophic drops in the production of corn varieties currently grown, Shi said, switching to crop varieties that can grow under cooler conditions in shorter growing seasons could boost global crop production by 10% compared to no adaptation. However, seed availability for these crops could become a serious problem -- a "bottleneck to adaptation," the researchers said.

Their proposed solution is to prepare "agricultural resilience kits" ahead of any nuclear disaster, containing region- and climate-specific seeds for crop varieties that can grow under cooler conditions with shorter growing seasons to survive lower temperatures.

"These kits would help sustain food production during the unstable years following a nuclear war, while supply chains and infrastructure recover," Kemanian said. "The agricultural resilience kits concept can be expanded to other disasters -- when catastrophes of these magnitude strike, resilience is of the essence."

Shi noted that while proactive, internationally coordinated planning for such kits is unlikely, simply increasing awareness could help lead to better preparedness. "If we want to survive, we must be prepared, even for unthinkable consequences," he said.




Kemanian said he sees value in the research beyond human-caused calamity.

"Recall that catastrophes of this nature can happen not just because of nuclear war, but due to, for example, violent volcanic eruptions," he said. "One may think that studies of this nature are just navel gazing, but they force us to realize the fragility of the biosphere -- the totality of all living things and how they interact with one another and the environment."

Contributing to the research at Penn State were Felipe Montes, associate research professor of cropping systems modeling; Francesco Di Gioia, associate professor of vegetable crop science; and Charles Anderson, professor of biology and principal investigator of the project funding this work; as well as Charles Bardeen, with the Atmospheric Chemistry Observations and Modeling Laboratory, National Center for Atmospheric Research, Boulder, Colorado; and Yolanda Gil, Deborah Khider and Varun Ratnakar, all with the Information Sciences Institute, University of Southern California.

This research was supported by Open Philanthropy, the Defense Advanced Research Projects Agency, the U.S. Department of Agriculture National Institute of Food and Agriculture, the U.S. National Science Foundation and the Future of Life Institute.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250724232419.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Google's deepfake hunter sees what you can't-even in videos without faces | ScienceDaily
In an era where manipulated videos can spread disinformation, bully people, and incite harm, UC Riverside researchers have created a powerful new system to expose these fakes.


						
Amit Roy-Chowdhury, a professor of electrical and computer engineering, and doctoral candidate Rohit Kundu, both from UCR's Marlan and Rosemary Bourns College of Engineering, teamed up with Google scientists to develop an artificial intelligence model that detects video tampering -- even when manipulations go far beyond face swaps and altered speech. (Roy-Chowdhury is also the co-director of the UC Riverside Artificial Intelligence Research and Education (RAISE) Institute, a new interdisciplinary research center at UCR.)

Their new system, called the Universal Network for Identifying Tampered and synthEtic videos (UNITE), detects forgeries by examining not just faces but full video frames, including backgrounds and motion patterns. This analysis makes it one of the first tools capable of identifying synthetic or doctored videos that do not rely on facial content.

"Deepfakes have evolved," Kundu said. "They're not just about face swaps anymore. People are now creating entirely fake videos -- from faces to backgrounds -- using powerful generative models. Our system is built to catch all of that."

UNITE's development comes as text-to-video and image-to-video generation have become widely available online. These AI platforms enable virtually anyone to fabricate highly convincing videos, posing serious risks to individuals, institutions, and democracy itself.

"It's scary how accessible these tools have become," Kundu said. "Anyone with moderate skills can bypass safety filters and generate realistic videos of public figures saying things they never said."

Kundu explained that earlier deepfake detectors focused almost entirely on face cues.




"If there's no face in the frame, many detectors simply don't work," he said. "But disinformation can come in many forms. Altering a scene's background can distort the truth just as easily."

To address this, UNITE uses a transformer-based deep learning model to analyze video clips. It detects subtle spatial and temporal inconsistencies -- cues often missed by previous systems. The model draws on a foundational AI framework known as SigLIP, which extracts features not bound to a specific person or object. A novel training method, dubbed "attention-diversity loss," prompts the system to monitor multiple visual regions in each frame, preventing it from focusing solely on faces.

The result is a universal detector capable of flagging a range of forgeries -- from simple facial swaps to complex, fully synthetic videos generated without any real footage.

"It's one model that handles all these scenarios," Kundu said. "That's what makes it universal."

The researchers presented their findings at the high ranking 2025 Conference on Computer Vision and Pattern Recognition (CVPR) in Nashville, Tenn. Titled "Towards a Universal Synthetic Video Detector: From Face or Background Manipulations to Fully AI-Generated Content," their paper, led by Kundu, outlines UNITE's architecture and training methodology. Co-authors include Google researchers Hao Xiong, Vishal Mohanty, and Athula Balachandra. Co-sponsored by the IEEE Computer Society and the Computer Vision Foundation, CVPR is among the highest-impact scientific publication venues in the world.

The collaboration with Google, where Kundu interned, provided access to expansive datasets and computing resources needed to train the model on a broad range of synthetic content, including videos generated from text or still images -- formats that often stump existing detectors.

Though still in development, UNITE could soon play a vital role in defending against video disinformation. Potential users include social media platforms, fact-checkers, and newsrooms working to prevent manipulated videos from going viral.

"People deserve to know whether what they're seeing is real," Kundu said. "And as AI gets better at faking reality, we have to get better at revealing the truth."
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Millipedes make ants dizzy - and might soon treat human pain | ScienceDaily
Millipedes get a bad rap -- their many legs put people off and could classify them as "creepy crawly." But these anthropods' secretions could hold the key to new drug discovery for the treatment of neurological diseases and pain.


						
Chemist Emily Mevers and her team recently discovered a new set of complex structures in millipede secretions that can modulate specific neuroreceptors in ant brains.

The newly discovered structures fall into a class of naturally occurring compounds called alkaloids. The Mevers team named them the andrognathanols and the andrognathines after the producing millipede, Andrognathus corticarius, found on Virginia Tech's Blacksburg campus in Stadium Woods. These discoveries were recently published in the Journal of the American Chemical Society.

A new compound discovery

Mevers specializes in leveraging the chemistry of underexplored ecological niches, in this case the millipede, in the name of drug discovery.

After collecting millipedes from under leaf litter and fallen branches in Stadium Woods, Mevers and team members used a variety of analytical tools to identify the compounds contained in the millipedes' defensive glands. They also learned that the millipedes release these compounds to ward off predators while also sharing their location with their kin.

Broader implications

Despite their pervasiveness, much about millipedes remains mysterious -- including their specific habitats, numbers, diets, behaviors, and chemistry. Mevers, in collaboration with millipede expert Paul Marek in the entomology department, is working to fill in some of these gaps and see if what they uncover could be useful for future medications.




Previously, Mevers and Marek examined a millipede native to the Pacific Northwest, Ishcnocybe plicata, and discovered that related alkaloids potently and selectively interact with a single neuroreceptor called Sigma-1. The interaction suggested that this family of compounds may have useful pharmacology potential for the treatment of pain and other neurological disorders.

The Mevers group discovered that the new alkaloids are actively secreted from the Hokie millipede when it is physically disturbed. The secretions cause disorientation in ants, a presumed natural predator. A subset of these compounds possesses similar interactions with the Sigma-1 neuroreceptor.

Moving toward drug development

With the newfound complex compounds in hand, the next step is finding people to actually make them in larger quantities and evaluate their biomedical applications.

"These compounds are quite complex, so they're going to take some time to synthesize in the lab," said Mevers.

Once larger quantities are available, Mevers will be able to better study their properties and potential in drug development.
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The plant virus that trains your immune system to kill cancer | ScienceDaily
A virus that typically infects black-eyed peas is showing great promise as a low-cost, potent cancer immunotherapy -- and researchers are uncovering why.


						
In a study published in Cell Biomaterials, a team led by chemical and nano engineers at the University of California San Diego took a closer look at how the cowpea mosaic virus (CPMV), unlike other plant viruses, is uniquely effective at activating the body's immune system to recognize and attack cancer cells.

In preclinical studies, CPMV has demonstrated potent anti-tumor effects in multiple mouse models, as well as in canine cancer patients. When injected directly into tumors, CPMV therapy recruits innate immune cells -- such as neutrophils, macrophages and natural killer cells -- into the tumor microenvironment to destroy cancer cells. Meanwhile, it activates B cells and T cells to establish systemic, long-lasting anti-tumor memory. This immune reawakening not only helps clear the targeted tumor but also primes the immune system to hunt down metastatic tumors elsewhere in the body.

"It is fascinating that CPMV but not other plant viruses stimulates an anti-tumor response," said Nicole Steinmetz, the Leo and Trude Szilard Chancellor's Endowed Chair in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at the UC San Diego Jacobs School of Engineering and the study's corresponding author.

"This work gives us insight into how CPMV works so well," said study first author Anthony Omole, a chemical and nano engineering Ph.D. student in Steinmetz's lab. "What we found most exciting is that although human immune cells are not infected by CPMV, they respond to it and are reprogrammed towards an activated state, which ultimately trains them to detect and eradicate cancerous cells."

A key question in translating CPMV to human cancer patients has been: what makes this plant virus so effective at fighting cancer?

To investigate, Omole, Steinmetz and colleagues at the National Cancer Institute's   Nanotechnology Characterization Laboratory performed a side-by-side comparison of CPMV with the cowpea chlorotic mottle virus (CCMV), a closely related plant virus that does not exhibit anti-tumor effects when administered intratumorally. Both viruses form similarly sized nanoparticles and are taken up by human immune cells at similar rates. Yet, once inside, the viruses produce different outcomes.




CPMV, the team found, stimulates type I, II and III interferons -- proteins with well-known anti-cancer properties. "This is particularly interesting because some of the earliest cancer immunotherapy drugs were recombinant interferons," noted Omole. Meanwhile, CCMV stimulates a set of pro-inflammatory interleukins that do not translate to effective tumor clearance. Another difference lies in how these viruses' RNAs are processed within mammalian cells. CPMV RNAs persist longer and get delivered to the endolysosome, where they activate toll-like receptor 7 (TLR7), a critical component in priming antiviral -- and more importantly -- anti-tumor immune responses. CCMV RNAs, on the other hand, fail to reach this activation point.

CPMV also offers a unique advantage as a cost-effective immunotherapy. Unlike many other therapies that require complex and costly manufacturing, CPMV can be produced using molecular farming. "It can be grown in plants using sunlight, soil and water," Omole said.

The team is working toward advancing CPMV to clinical trials.

"The present study provides important insights into the mechanism of action of CPMV. We are diligently working toward the next steps to ensure that the most potent lead candidate is selected to achieve anti-tumor efficacy and safety," Steinmetz said. "This is the time and we are poised to move this work beyond the bench and toward clinical trials."

This work was supported in part by the National Institutes of Health (NIH grants R01 CA224605, R01 CA253615 and R01 CA274640); the American Cancer Society, F.M. Kirby Foundation Inc., Mission Boost Grant (MBGI-23-1030244-01-MBG); the Shaughnessy Family Fund for Nano-ImmunoEngineering (nanoIE) at UC San Diego; San Diego Fellowship Fund; the Alfred P. Sloan Foundation's Minority PhD (MPhD) Program (G-2020-14067); and the Frederick National Laboratory for Cancer Research funded by the National Cancer Institute, part of the NIH (under contract 75N91010D00024).
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This sugar substitute does more than sweeten - it kills cancer cells | ScienceDaily
Stevia may provide more benefits than as a zero-calorie sugar substitute. When fermented with bacteria isolated from banana leaves, stevia extract kills off pancreatic cancer cells but doesn't harm healthy kidney cells, according to a research team at Hiroshima University.


						
The researchers published their findings in the International Journal of Molecular Sciences. 

"Globally, the incidence and mortality rates of pancreatic cancer continue to rise, with a five-year survival rate of less than 10%," said co-author Narandalai Danshiitsoodol, associate professor in Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences. "Pancreatic cancer is highly invasive and prone to metastasis, showing significant resistance to existing treatments, such as surgery, radiotherapy and chemotherapy. As such, there is an urgent need to identify new and effective anticancer compounds, particularly those derived from medicinal plants."

Prior studies by other researchers indicated that stevia leaf extract demonstrated potential as an anticancer drug, but isolating and applying the specific bioactive components that protect against cancer cells has remained challenging, Danshiitsoodol said. However, fermenting with bacteria can structurally change the extract and produce bioactive metabolites, which are compounds that can impact living organisms.

"To enhance the pharmacological efficacy of natural plant extracts, microbial biotransformation has emerged as an effective strategy," said corresponding author Masanori Sugiyama, professor in the Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences. Sugiyama's lab has isolated and evaluated the health benefits of more than 1,300 lactic acid bacteria (LAB) strains from fruits, vegetables, flowers and medicinal plants. "In this study, we aimed to compare LAB-fermented and non-fermented extracts to identify key compounds that enhance bioactivity, ultimately contributing to the efficacy of herbal medicine in cancer prevention and therapy."

Specifically, the team fermented stevia leaf extract with plant-derived Lactobacillus plantarum SN13T strain (FSLE) and compared its effects on pancreatic cancer (PANC-1) cells in the lab, alongside non-cancerous human embryonic kidney cells HEK-293, to the effects of non-fermented stevia extract. The cells utilized in these experiments were acquired from established commercial cell lines.

"Our findings indicate that FSLE demonstrates significantly greater cytotoxicity than the non-fermented extract at equivalent concentrations, suggesting that the fermentation process enhances the bioactivity of the extract," Sugiyama said. "Notably, FSLE exhibited lower toxicity toward the HEK-293 cells, with minimal inhibition observed even at the highest concentration tested."

Additional analyses identified chlorogenic acid methyl ester (CAME) as the active anti-cancer compound. When fermented, the concentration of chlorogenic acid in the extract dropped six-fold, indicating a microbial transformation, according to Danshiitsoodol.




"This microbial transformation was likely due to specific enzymes in the bacteria strain used," Danshiitsoodol said. "Our data demonstrate that CAME exhibits stronger toxicity to cells and pro-apoptotic effects -- which encourage cell death -- on PANC-1 cells compared to chlorogenic acid alone."

Next, the researchers said they plan to study the effects in a mouse model to better understand the effectiveness of various dosages across a whole-body system.

"The present study has substantially enhanced our understanding of the mechanism of action of the Lactobacillus plantarum SN13T strain in the fermentation of herbal extracts, while also offering a valuable research perspective on the potential application of probiotics as natural anti-tumor agents," Danshiitsoodol said.

Other contributors include Rentao Zhang and Masafumi Noda, Department of Probiotic Science for Preventive Medicine, Graduate School of Biomedical and Health Sciences, Hiroshima University; and Sayaka Yonezawa and Keishi Kanno, Department of General Internal Medicine, Hiroshima University Hospital.
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