
        
            
                
            
        

    
    
      
        [image: masthead]
      

      Thursday, June 26, 2025

      

      
        
          	
            Latest Science News
          
          	50
        

        
          	
            All Top News
          
          	37
        

        
          	
            Health News
          
          	28
        

        
          	
            Technology News
          
          	18
        

        
          	
            Environment News
          
          	25
        

        
          	
            Society News
          
          	9
        

        
          	
            Strange &amp; Offbeat News
          
          	38
        

      

    

  
    
      
        
          	
          	
            Sections
          
          	
            All Top News
          
        

      

      Latest Science News

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


      
        Hot tubs outperform saunas in boosting blood flow and immune power
        Hot tubs don't just feel great, they may actually outperform saunas when it comes to health perks. A study found that soaking in hot water raises core body temperature more than dry or infrared saunas, triggering stronger heart, blood vessel, and immune responses.

      

      
        This team tried to cross 140 miles of treacherous ocean like stone-age humans--and it worked
        Experiments and simulations show Paleolithic paddlers could outwit the powerful Kuroshio Current by launching dugout canoes from northern Taiwan and steering southeast toward Okinawa. A modern crew proved it, carving a Stone-Age-style canoe, then paddling 225 km in 45 hours guided only by celestial cues--demonstrating our ancestors' daring and mastery of the sea.

      

      
        Farming without famine: Ancient Andean innovation rewrites agricultural origins
        Farming didn t emerge in the Andes due to crisis or scarcity it was a savvy and resilient evolution. Ancient diets remained stable for millennia, blending wild and domesticated foods while cultural innovations like trade and ceramics helped smooth the transition.

      

      
        Scientists reveal your morning coffee flips an ancient longevity switch
        Caffeine appears to do more than perk you up--it activates AMPK, a key cellular fuel sensor that helps cells cope with stress and energy shortages. This could explain why coffee is linked to better health and longer life.

      

      
        Martian dust to dream homes: How microbes can build on the red planet
        Imagine printing your Martian home from dust, sunlight, and a bit of biology. A new synthetic lichen system uses fungi and bacteria to grow building materials directly from Martian soil, completely autonomously and without human help.

      

      
        New viruses discovered in bats in China could be the next pandemic threat
        Two newly discovered viruses lurking in bats are dangerously similar to Nipah and Hendra, both of which have caused deadly outbreaks in humans. Found in fruit bats near villages, these viruses may spread through urine-contaminated fruit, raising serious concerns. And that's just the start--scientists found 20 other unknown viruses hiding in bat kidneys.

      

      
        Mammals didn't walk upright until late--here's what fossils reveal
        The shift from lizard-like sprawl to upright walking in mammals wasn't a smooth climb up the evolutionary ladder. Instead, it was a messy saga full of unexpected detours. Using new bone-mapping tech, researchers discovered that early mammal ancestors explored wildly different postures before modern upright walking finally emerged--much later than once believed.

      

      
        The brain's sweet spot: How criticality could unlock learning, memory--and prevent Alzheimer's
        Our brains may work best when teetering on the edge of chaos. A new theory suggests that criticality a sweet spot between order and randomness is the secret to learning, memory, and adaptability. When brains drift from this state, diseases like Alzheimer s can take hold. Detecting and restoring criticality could transform diagnosis and treatment.

      

      
        Vitamin C flips your skin's "youth genes," reversing age-related thinning
        Japanese researchers have found that vitamin C can thicken skin by switching on genes that boost skin cell growth, helping reverse age-related thinning. It works by reactivating DNA through a process that lets cells regenerate more effectively--potentially a game-changer for aging skin.

      

      
        Inside the tumor: AI cracks five hidden cell types to stop cancer's comeback
        A new AI tool, AAnet, has discovered five distinct cell types within tumors, offering a deeper look into cancer's inner diversity. This insight could transform how we treat cancer, enabling more personalized therapies that tackle every type of cell in a tumor.

      

      
        Scientists reprogram ant behavior using brain molecules
        Leafcutter ants live in highly organized colonies where every ant has a job, and now researchers can flip those jobs like a switch. By manipulating just two neuropeptides, scientists can turn defenders into nurses or gardeners into leaf harvesters. These same molecular signals echo in naked mole-rats, revealing a deep evolutionary link in how complex societies function, even across species. The study also teases out a possible connection to insulin and longevity, hinting at new frontiers in under...

      

      
        1. 7 million patients reveal stunning link between semaglutide and lower dementia risk
        A blockbuster diabetes and weight-loss drug might be doing more than controlling blood sugar--it could also be protecting the brain. Researchers at Case Western Reserve University found that people with type 2 diabetes who took semaglutide (the active ingredient in Ozempic and Wegovy) had a significantly lower risk of developing dementia. The benefit was especially strong in women and older adults.

      

      
        The pleasure prescription: Why more sex means less menopause pain
        Keeping sex on the schedule may be its own menopause medicine: among 900 women aged 40-79, those active in the last three months reported far less dryness, pain, and irritation, while orgasm and overall satisfaction stayed rock-solid despite dips in desire and lubrication. The results hint that intimacy itself can curb genitourinary syndrome of menopause, a cluster of estrogen-related symptoms that erode quality of life.

      

      
        Quantum computers just got an upgrade - and it's 10x more efficient
        Chalmers engineers built a pulse-driven qubit amplifier that's ten times more efficient, stays cool, and safeguards quantum states--key for bigger, better quantum machines.

      

      
        The molecule that might save your sight--and your heart
        Washington University researchers found that raising a molecule called ApoM helps eye cells sweep away harmful cholesterol deposits linked to age-related macular degeneration, potentially preventing vision loss, and the same trick might aid failing hearts too.

      

      
        Mojave lichen defies death rays--could life thrive on distant exoplanets?
        Lichen from the Mojave Desert has stunned scientists by surviving months of lethal UVC radiation, suggesting life could exist on distant planets orbiting volatile stars. The secret? A microscopic "sunscreen" layer that protects their vital cells--even though Earth's atmosphere already filters out such rays.

      

      
        Wildfires threaten water quality for up to eight years after they burn
        Wildfires don't just leave behind scorched earth--they leave a toxic legacy in Western rivers that can linger for nearly a decade. A sweeping new study analyzed over 100,000 water samples from more than 500 U.S. watersheds and revealed that contaminants like nitrogen, phosphorus, organic carbon, and sediment remain elevated for up to eight years after a blaze.

      

      
        How brain cells meant to help may be making depression worse
        Major depressive disorder affects hundreds of millions worldwide, but a key to understanding its origins may lie in the brain's immune system. New findings spotlight astrocytes--previously overshadowed by microglia--as major players in neuroinflammation that drives depression. These star-shaped brain cells, once thought to only support neurons, are now shown to regulate communication between brain cells and even trigger or amplify inflammatory responses.

      

      
        Brain reboot: Gene therapy reverses Alzheimer's memory loss in mice
        UC San Diego scientists have created a gene therapy that goes beyond masking Alzheimer's symptoms--it may actually restore brain function. In mice, the treatment protected memory and altered diseased brain cells to behave more like healthy ones.

      

      
        Ancient carbon 'burps' caused ocean oxygen crashes -- and we're repeating the mistake
        Over 300 million years ago, Earth experienced powerful bursts of carbon dioxide from natural sources--like massive volcanic eruptions--that triggered dramatic drops in ocean oxygen levels. These ancient "carbon burps" led to dangerous periods of ocean anoxia, which stalled marine biodiversity and potentially reshaped entire ecosystems. In a groundbreaking study, scientists combined high-tech climate models with deep-ocean sediment analysis to pinpoint five such events. The alarming part? Today's hu...

      

      
        COVID-19 protein triggers immune attacks on healthy cells -- but a common drug can stop it
        Scientists have uncovered a stealthy tactic used by the SARS-CoV-2 virus: one of its proteins can leap from infected cells to healthy ones, effectively tricking the immune system into attacking the body's own tissues.

      

      
        Killer whales use seaweed tools in never-before-seen grooming behavior
        Southern resident killer whales have been caught on drone video crafting kelp tools to groom one another--an unprecedented behavior among marine mammals. This suggests a deeper social and cultural complexity in these endangered whales than scientists previously realized.

      

      
        These frozen wolf cubs ate a woolly rhino--and changed what we know about dogs
        Two Ice Age wolf pups once thought to be early dogs have been identified as wild wolves, thanks to detailed DNA and chemical analysis. Surprisingly, their last meals included woolly rhinoceros meat--an unusually large prey item--hinting that ancient wolves might have been bigger than today's. Their well-preserved bodies also shed light on wolf pack behavior and Ice Age environments.

      

      
        Mining the deep could mute the songs of sperm whales
        Exploration for deep-sea minerals in the Clarion Clipperton Zone threatens to disrupt an unexpectedly rich ecosystem of whales and dolphins. New studies have detected endangered species in the area and warn that mining noise and sediment could devastate marine life that relies heavily on sound. With so little known about these habitats, experts urge immediate assessment of the risks.

      

      
        USC's new AI implant promises drug-free relief for chronic pain
        A groundbreaking wireless implant promises real-time, personalized pain relief using AI and ultrasound power no batteries, no wires, and no opioids. Designed by USC and UCLA engineers, it reads brain signals, adapts on the fly, and bends naturally with your spine.

      

      
        No kings buried here: DNA unravels the myth of incestuous elites in ancient Ireland
        DNA from a skull found at Newgrange once sparked theories of a royal incestuous elite in ancient Ireland, but new research reveals no signs of such a hierarchy. Instead, evidence suggests a surprisingly egalitarian farming society that valued collective living and ritual.

      

      
        Your CT scan could reveal a hidden heart risk--and AI just learned how to find it
        What if your old chest scans--taken years ago for something unrelated--held a secret warning about your heart? A new AI tool called AI-CAC, developed by Mass General Brigham and the VA, can now comb through routine CT scans to detect hidden signs of heart disease before symptoms strike.

      

      
        123,000-year-old coral fossils warn of sudden, catastrophic sea-level rise
        Ancient coral fossils from the remote Seychelles islands have unveiled a dramatic warning for our future--sea levels can rise in sudden, sharp bursts even when global temperatures stay steady.

      

      
        Recycled plastic is a toxic cocktail: Over 80 chemicals found in a single pellet
        Recycled plastic pellets can release a hidden mix of over 80 chemicals into water, disrupting hormones and fat metabolism in zebrafish larvae. Researchers warn that unknown and toxic additives make current recycling practices dangerously unpredictable.

      

      
        This triple-layer sunlight catalyst supercharges green hydrogen by 800%
        Researchers in Sweden have developed a powerful new material that dramatically boosts the ability to create hydrogen fuel from water using sunlight, making the process eight times more effective than before. This breakthrough could be key to fueling heavy transport like ships and planes with clean, renewable energy.

      

      
        Artificial intelligence isn't hurting workers--It might be helping
        Despite widespread fears, early research suggests AI might actually be improving some aspects of work life. A major new study examining 20 years of worker data in Germany found no signs that AI exposure is hurting job satisfaction or mental health. In fact, there s evidence that it may be subtly improving physical health especially for workers without college degrees by reducing physically demanding tasks. However, researchers caution that it s still early days.

      

      
        From cursed tomb fungus to cancer cure: Aspergillus flavus yields potent new drug
        In a remarkable twist of science, researchers have transformed a fungus long associated with death into a potential weapon against cancer. Found in tombs like that of King Tut, Aspergillus flavus was once feared for its deadly spores. Now, scientists at Penn and several partner institutions have extracted a new class of molecules from it--called asperigimycins--that show powerful effects against leukemia cells. These compounds, part of a rare group known as fungal RiPPs, were bioengineered for pote...

      

      
        Quantum dice: Scientists harness true randomness from entangled photons
        Scientists at NIST and the University of Colorado Boulder have created CURBy, a cutting-edge quantum randomness beacon that draws on the intrinsic unpredictability of quantum entanglement to produce true random numbers. Unlike traditional methods, CURBy is traceable, transparent, and verifiable thanks to quantum physics and blockchain-like protocols. This breakthrough has real-world applications ranging from cybersecurity to public lotteries--and it's open source, inviting the world to use and bui...

      

      
        Affordances in the brain: The human superpower AI hasn't mastered
        Scientists at the University of Amsterdam discovered that our brains automatically understand how we can move through different environments--whether it's swimming in a lake or walking a path--without conscious thought. These "action possibilities," or affordances, light up specific brain regions independently of what's visually present. In contrast, AI models like ChatGPT still struggle with these intuitive judgments, missing the physical context that humans naturally grasp.

      

      
        The common blood test that predicts how fast Alzheimer's hits
        A simple blood test could reveal which early Alzheimer's patients are most at risk for rapid decline. Researchers found that people with high insulin resistance--measured by the TyG index--were four times more likely to experience faster cognitive deterioration. The study highlights a major opportunity: a common lab value already available in hospitals could help guide personalized treatment strategies. This discovery also uncovers a unique vulnerability in Alzheimer's disease to metabolic stress, ...

      

      
        Superbugs in your shrimp: Deadly colistin-resistance genes ride on imported seafood
        Colistin, a last-resort antibiotic, is losing its power due to rising resistance--and the culprits might be hiding in your seafood dinner. A University of Georgia research team discovered colistin-resistance genes in bacteria found in imported shrimp and scallops from markets in Atlanta. These genes can hop between bacteria via plasmids, potentially turning once-curable infections into deadly threats.

      

      
        Rice University breakthrough keeps CO2 electrolyzers running 50x longer
        A Rice University team discovered that bubbling CO2 through a mild acid dramatically improves the lifespan and efficiency of electrochemical devices that convert CO2 into useful fuels. This simple trick prevents salt buildup--a major barrier to commercialization--by altering local chemistry just enough to keep salts dissolved and flowing. The result? A device that ran for over 4,500 hours without clogging, using common catalysts and scalable technology. It's a breakthrough that could make green CO2...

      

      
        What the Universe tried to hide: The 21-centimeter signal explained
        Scientists are peering into the universe's mysterious Cosmic Dawn using the faint whispers of hydrogen radio waves emitted over 13 billion years ago. These signals, particularly the elusive 21-centimeter signal, offer rare insights into the masses and behavior of the universe's first stars--Population III stars--whose light we can't see directly. With projects like REACH and the upcoming Square Kilometre Array (SKA), researchers are unlocking a cosmic treasure map, predicting how early starlight an...

      

      
        Breakthrough magnet design could transform MRI and magnetic levitation
        Two German physicists have reimagined how to create powerful and uniform magnetic fields using compact permanent magnets. By overcoming the limitations of the well-known Halbach array, which works only with infinitely long magnets, they engineered innovative 3D magnet arrangements that work in practical, finite-size setups. Their designs not only boost field strength but also enhance homogeneity, verified through real-world experiments. This game-changing advancement could help bring affordable M...

      

      
        Half of today's jobs could vanish--Here's how smart countries are future-proofing workers
        AI is revolutionizing the job landscape, prompting nations worldwide to prepare their workforces for dramatic changes. A University of Georgia study evaluated 50 countries' national AI strategies and found significant differences in how governments prioritize education and workforce training. While many jobs could disappear in the coming decades, new careers requiring advanced AI skills are emerging. Countries like Germany and Spain are leading with early education and cultural support for AI, bu...

      

      
        HIV is surging in over-50s--But campaigns still target the young
        HIV is surging among adults over 50 in sub-Saharan Africa, yet prevention and treatment campaigns still focus mainly on the young. New research reveals older adults face comparable or higher infection rates but remain largely invisible in HIV studies, which hampers progress toward global health goals. Persistent stigma, outdated perceptions, and limited education or access in rural areas worsen the situation, especially for older women.

      

      
        Zapping aging cells: The fast, label-free test that could transform research
        Scientists in Tokyo have developed a groundbreaking, label-free method to identify aging human cells using electric fields. This new technique avoids the downsides of chemical tagging, which can distort results and slow research. By analyzing how cells move under alternating electric fields, the researchers found they could accurately detect senescent skin cells based on their electrical properties. The approach is fast, non-invasive, and could transform how we study aging and age-related disease...

      

      
        Quantum breakthrough: 'Magic states' now easier, faster, and way less noisy
        Quantum computing just got a significant boost thanks to researchers at the University of Osaka, who developed a much more efficient way to create "magic states"--a key component for fault-tolerant quantum computers. By pioneering a low-level, or "level-zero," distillation method, they dramatically reduced the number of qubits and computational resources needed, overcoming one of the biggest obstacles: quantum noise. This innovation could accelerate the arrival of powerful quantum machines capable...

      

      
        FDA under fire: Data discrepancies uncovered in AstraZeneca approval trials
        Fresh concerns have emerged about the platelet studies underpinning the FDA approval of ticagrelor, AstraZeneca's multibillion-dollar heart drug. A new BMJ investigation reveals data discrepancies, missing lab readings, and questions about the integrity of the trial process. Notably, key results reported in a major cardiology journal were inaccurately presented, and some study contributors were omitted or denied involvement. With generics on the horizon, critics say these revelations highlight po...

      

      
        Sharpest-ever solar view shows tiny stripes driving big space storms
        A stunning breakthrough in solar physics reveals ultra-fine magnetic structures on the Sun's surface, thanks to the NSF's Inouye Solar Telescope. Researchers captured never-before-seen bright and dark stripes--called striations--within solar granules. These features behave like magnetic curtains rippling across the Sun, reshaping our understanding of magnetic field dynamics at microscopic scales. By achieving a resolution of just 20 kilometers, scientists could match real observations with simulati...

      

      
        Myth-busting study shows controversial seed oils reduce inflammation
        A new study is turning heads by challenging the popular belief that seed oils are harmful to health. Researchers analyzed blood markers from nearly 1,900 people and found that higher levels of linoleic acid -- an omega-6 fat commonly found in seed oils -- were linked to lower inflammation and better cardiometabolic health. The study used direct biomarkers instead of diet surveys, making its findings more robust. These results support a growing body of evidence that seed oils, far from fueling disea...

      

      
        Scientists create living building material that captures CO2 from the air
        Researchers at ETH Zurich have developed an astonishing new material: a printable gel that's alive. Infused with ancient cyanobacteria, this "photosynthetic living material" not only grows but also removes CO2 from the air, twice over. The bacteria use sunlight to produce biomass and simultaneously trigger mineral formation, which locks carbon away in a stable form. Engineered hydrogels provide an ideal habitat for these microbes, allowing them to thrive for over a year. Even more captivating, th...

      

      
        Iron overload: The hidden culprit behind early Alzheimer's in Down syndrome
        USC researchers have uncovered a hidden driver behind the early and severe onset of Alzheimer's in people with Down syndrome: iron overload in the brain. Their study revealed that individuals with both conditions had twice the iron levels and far more oxidative damage than others. The culprit appears to be ferroptosis, an iron-triggered cell death mechanism, which is especially damaging in sensitive brain regions.

      

      
        Plants' secret second roots rewrite the climate playbook
        Beneath the forest floor lies an overlooked secret: many plants grow a second set of roots far deeper than expected sometimes over three feet down tapping into hidden nutrient stores and potentially locking away carbon. A new study using deep-soil data from NEON reveals that these "bimodal" rooting systems are more common than previously believed and may play a powerful role in stabilizing ecosystems and fighting climate change.

      

      
        Hydrogen fuel at half the cost? Scientists reveal a game-changing catalyst
        Researchers in South Korea have developed a powerful and affordable new material for producing hydrogen, a clean energy source key to fighting climate change. By fine-tuning boron-doping and phosphorus levels in cobalt phosphide nanosheets, the team dramatically boosted the efficiency of both sides of water-splitting reactions. This advancement could unlock scalable, low-cost hydrogen production, transforming how we generate clean fuel.
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Hot tubs outperform saunas in boosting blood flow and immune power | ScienceDaily
Hot tubs and saunas can both soothe aching muscles and provide welcome warmth, but hot tubs might offer greater health benefits.


						
That's the takeaway from a new study done by researchers in the Bowerman Sports Science Center at the University of Oregon, which compared the physiological effects of soaking in a hot tub to sitting in a traditional dry heat sauna or a more modern far-infrared sauna.

By raising core body temperatures, soaking in hot water can help lower blood pressure, stimulate the immune system and, over time, improve the body's response to heat stress. Moreover, those effects can last beyond the minutes spent directly in heat treatment.

"We compared the most commonly utilized modalities of passive heating as they're used in everyday life and studied in scientific research," said study lead author Jessica Atencio, a doctoral student in the lab of Christopher Minson. "No studies have compared the acute responses between the three."

The results were published in June in the American Journal of Physiology.

Under the guidance of Minson, the Kenneth M. and Kenda H. Singer Endowed Professor of Human Physiology and director of the Bowerman Center, researchers monitored body temperature, blood pressure, heart rate, cardiac output (the amount of blood the heart pumps per minute) and immune cell populations and blood biomarkers of inflammation. Data were collected before, during and after subjects soaked in a hot tub and sat in traditional dry heat and far-infrared saunas.

The study looked at 10 men and 10 women who exercised regularly and ranged in age from 20 to 28 years old. The goal was to isolate the physiological responses to each heating method in a young, healthy population.




"We saw that hot water immersion was the most impactful in increasing core body temperature, which is the main stimulus for these subsequent responses," Atencio said. "Increasing body temperature causes an increase in blood flow, and just the force of blood moving across your vessels is beneficial for your vascular health."

While the research team took blood samples from subjects after each kind of heat therapy, only hot-water immersion produced an inflammatory response as measured by the levels of inflammatory cytokines, a kind of immune signaling molecule, and immune cell populations.

Atencio and her team were not surprised by those results.

"Hot water immersion gives you the most robust changes in core temperature because you can't effectively dissipate heat as you can if you have contact with the air and you're sweating to cool the body," she said. "When you're submerged in water, the sweat mechanisms aren't efficient."

Minson has studied heat therapies for more than two decades. He has focused on how heat interacts with factors such as age, exercise and illness in men and women.

"There's no doubt in my mind that if people are willing to do some heat therapy, it's going to align with improved health, as long as it's done in moderation," Minson said. "If you repeat these stresses over time, our lab and many others have shown that they are consistent with improved health."

Regular exercise can provide benefits similar to and even better in some respects than those from heat therapy, he added, but individuals who are unable or unwilling to exercise may find that heat therapy provides an attractive option.




"It can be a very peaceful, sometimes religious, sometimes cultural and sometimes social experience," Minson said. "And I think those aspects contribute to the health benefits and are critically important."

"We want people to be smart and safe about it," he added. "We need to make sure that they are cleared by their physicians or others for heat therapy or for exercise, whether it's mild to moderate walking or jogging or strength training. Then they'll be fine to do heat therapy."

As a runner herself, Atencio knows people who like to combine heat therapy with exercise.

"We always say that exercise is the primary nonpharmacological treatment that people should be doing to promote health, but some people can't or just won't exercise," she said. "Heat therapy is good supplementation."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250625232208.htm
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This team tried to cross 140 miles of treacherous ocean like stone-age humans-and it worked | ScienceDaily
When and where the earliest modern human populations migrated and settled in East Asia are relatively well known. However, how these populations moved between islands on treacherous stretches of sea is still shrouded in mystery. In two new papers, researchers from Japan and Taiwan led by Professor Yousuke Kaifu from the University of Tokyo simulated methods ancient peoples would have needed to accomplish these journeys, and they used period-accurate tools to create the canoes to make the journey themselves.
Evidence suggests that around 30,000 years ago, humans made a sea crossing -- without maps, metal tools or modern boats -- from what is now called Taiwan to some of the islands in southern Japan, including Okinawa. To find out exactly how this crossing was made, a team led by Kaifu performed various simulations and experiments, including the use of physical recreations, to learn the most plausible way this crossing was achieved. Of the two newly published papers, one used numerical simulations to cross one of the strongest currents in the world called the Kuroshio. The simulation showed that a boat made using tools of the time, and the right know-how, could have navigated the Kuroshio. The other paper detailed the construction and testing of a real boat which the team successfully used to paddle between islands over 100 kilometers apart.
"We initiated this project with simple questions: 'How did Paleolithic people arrive at such remote islands as Okinawa?' 'How difficult was their journey?' 'And what tools and strategies did they use?'" said Kaifu. "Archaeological evidence such as remains and artifacts can't paint a full picture as the nature of the sea is that it washes such things away. So, we turned to the idea of experimental archaeology, in a similar vein to the Kon-Tiki expedition of 1947 by Norwegian explorer Thor Heyerdahl."
In 2019, the team constructed a 7.5-meter dugout canoe called Sugime, built from a single Japanese cedar trunk, using replicas of 30,000-year-old stone tools. They paddled it 225 kilometers (140 miles) from eastern Taiwan to Yonaguni Island in the Ryukyu group, which includes Okinawa, navigating only by the sun, stars, swells and their instincts. They paddled for over 45 hours across the open sea, mostly without any visibility of the island they were targeting. Several years later, the team is still unpicking some of the data they created during the experiment, and use what they find to inform or test models about various aspects of sea crossings in that region so long ago.
"A dugout canoe was our last candidate among the possible Paleolithic seagoing crafts for the region. We first hypothesized that Paleolithic people used rafts, but after a series of experiments, we learned that these rafts are too slow to cross the Kuroshio and are not durable enough," said Kaifu. "We now know that these canoes are fast and durable enough to make the crossing, but that's only half the story. Those male and female pioneers must have all been experienced paddlers with effective strategies and a strong will to explore the unknown. We do not think a return journey was possible. If you have a map and know the flow pattern of the Kuroshio, you can plan a return journey, but such things probably did not take place until much later in history."
To understand whether such a journey could have been made in different circumstances, the team also used advanced ocean models to simulate hundreds of virtual voyages. These simulations tested different starting points, seasons and paddling strategies under both modern and ancient ocean conditions.
"I major in oceanography and use numerical methods and particle tracking techniques to research things like eel and salmon migrations, pumice drift after volcanic eruptions, and oil spills in the Gulf of Mexico," said Yu-Lin Chang from the Japan Agency for Marine-Earth Science and Technology, and a visiting researcher at UTokyo and lead author of one of the papers in this study. "The Kuroshio Current is generally considered dangerous to navigate. I thought if you entered it, you could only drift aimlessly. But the results of our simulations went far beyond what I had imagined. I'm pleased this work helped illuminate how ocean voyages may have occurred 30,000 years ago."
The simulations helped fill gaps that a one-time experiment could not. They revealed that launching from northern Taiwan offered a better chance of success than from further south, and that paddling slightly southeast rather than directly at the destination was essential for compensating against the powerful current. These findings suggest a high level of strategic seafaring knowledge among early modern humans.
"Scientists try to reconstruct the processes of past human migrations, but it is often difficult to examine how challenging they really were. One important message from the whole project was that our Paleolithic ancestors were real challengers. Like us today, they had to undertake strategic challenges to advance," said Kaifu. "For example, the ancient Polynesian people had no maps, but they could travel almost the entire Pacific. There are a variety of signs on the ocean to know the right direction, such as visible land masses, heavenly bodies, swells and winds. We learned parts of such techniques ourselves along the way."
Funding: This work was financially supported by JSPS KAKENHI grant JP18H03596.
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Farming without famine: Ancient Andean innovation rewrites agricultural origins | ScienceDaily
In the Andes, the rise of agriculture to replace foraging was not the result of hardship and resource scarcity, but instead a time of economic resilience and innovation, according to a study published June 25, 2025 in the open-access journal PLOS One by Luis Flores-Blanco of the University of California Davis and Arizona State University, U.S., and colleagues.


						
The transition from foraging to farming was a major shift in human history that laid the foundations for the expansion of modern civilization. The current prevailing view is that this transition was a time of hardship, with communities forced to rely on crops due to growing human populations and dwindling wild food resources. In this study, Flores-Blanco and colleagues examine the diet of people living in the Andes throughout this transitional period.

The researchers interpreted ancient diets by measuring ratios of Carbon and Nitrogen isotopes from the bones of 16 individuals buried at the sites of Kaillachuro and Jiskairumoko in the Lake Titicaca Basin. Both sites were inhabited from approximately 5,000 to 3,000 years ago, during the transition from foraging to farming. Isotope signatures indicate a high proportion (84%) of plant material in the diet, supplemented by a smaller proportion of meat from large mammals. These proportions are not only consistent throughout this transitional time period at both sites, they are also identical to those of earlier foraging communities and later farming communities.

Altogether, these results contradict the image of an agricultural shift driven by hardship, and instead reveal that food resources remained consistent for thousands of years. Wild foods were increasingly managed and domesticated, creating mixed foraging-farming economies. The authors propose that this economic resilience was likely aided by certain cultural advances happening at this time, including expanding trade networks and innovations in ceramic and archery technologies.

Luis Flores-Blanco adds: "Our research shows that the origin of agriculture in the Titicaca Basin was a resilient process. Ancient Andean peoples relied on their deep knowledge of harvesting wild plants like potatoes and quinoa, as well as hunting camelids. With this understanding of their environment, they effectively managed their resources -- domesticating both plants and animals -- and gradually incorporated these domesticated species into their diet. So, the first Altiplano farmers continued to rely on the same foods consumed by Archaic foragers. In this research, we show that this Andean economy path made this transition both beneficial and stable."

"These discoveries come from integrating contributions from different specialized fields, from extracting dietary information from bones, analyzing macrobotanical remains, and running statistical analyses."

Luisa Hinostroza adds: "This article challenges the traditional idea that the transition to agriculture occurred out of necessity or periods of crisis. Our findings demonstrate, instead, that in the Altiplano, it was a process marked by stability and food sufficiency sustained for thousands of years. These results constitute crucial evidence revealing the capacity of Andean societies to efficiently manage their resources, such as tubers and grains, and maintain long-term stability."

Funding: National Science Foundation grant (SBR-9816313) awarded to MA. The Rust Family Foundation (RFF-2021-146 and RFF-2023-212), the American Philosophical Society (2021), Carlos Brignardello Grant (IFEA 2020), National Geographic Society (EC-97351R-23), and the University of California, Davis to LFB.
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Scientists reveal your morning coffee flips an ancient longevity switch | ScienceDaily
A new study from the Cellular Ageing and Senescence laboratory at Queen Mary University of London's Cenfre for Molecular Cell Biology, reveals how caffeine -- the world's most popular neuroactive compound -- might do more than just wake you up. The study in the journal Microbial Cell shows how caffeine could play a role in slowing down the ageing process at a cellular level.


						
Caffeine has long been linked to potential health benefits, including reduced risk of age-related diseases. But how it works inside our cells, and what exactly are its connections with nutrient and stress responsive gene and protein networks has remained a mystery -- until now.

In new research published by scientists studying fission yeast -- a single-celled organism surprisingly similar to human cells -- researchers found that caffeine affects ageing by tapping into an ancient cellular energy system.

A few years ago, the same research team found that caffeine helps cells live longer by acting on a growth regulator called TOR (Target of Rapamycin). TOR is a biological switch that tells cells when to grow, based on how much food and energy is available. This switch has been controlling energy and stress responses in living things for over 500 million years.

But in their latest study, the scientists made a surprising discovery: caffeine doesn't act on this growth switch directly. Instead, it works by activating another important system called AMPK, a cellular fuel gauge that is evolutionarily conserved in yeast and humans.

"When your cells are low on energy, AMPK kicks in to help them cope," explains Dr Charalampos (Babis) Rallis, Reader in Genetics, Genomics and Fundamental Cell Biology at Queen Mary University of London, the study's senior author. "And our results show that caffeine helps flip that switch."

Interestingly, AMPK is also the target of metformin, a common diabetes drug that's being studied for its potential to extend human lifespan together with rapamycin.

Using their yeast model, the researchers showed that caffeine's effect on AMPK influences how cells grow, repair their DNA, and respond to stress -- all of which are tied to ageing and disease.

"These findings help explain why caffeine might be beneficial for health and longevity," said Dr John-Patrick Alao the postdoctoral research scientist leading this study. "And they open up exciting possibilities for future research into how we might trigger these effects more directly -- with diet, lifestyle, or new medicines."

So, the next time you reach for your coffee, you might be doing more than just boosting your focus -- you could also be giving your cells a helping hand.
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Martian dust to dream homes: How microbes can build on the red planet | ScienceDaily
Inhabiting Mars has long been a futuristic fantasy fueled by science fiction. However, successful landings on our neighboring planet over the past half-century have made this seemingly far-fetched idea increasingly plausible.


						
But don't start packing just yet. First, we must figure out how to build structures millions of miles from Earth. Sending rockets carrying massive payloads of construction materials into space isn't practical or affordable. So, how can we use the resources already present on the Red Planet to build your dream home?

Enter Texas A&M University's Dr. Congrui Grace Jin with the possible answer.

Jin and her colleagues from the University of Nebraska-Lincoln have worked for years on bio-manufacturing engineered living materials and have developed a synthetic lichen system that can form building materials with no outside intervention. Their latest study, funded by the NASA Innovative Advanced Concepts program and recently published in the Journal of Manufacturing Science and Engineering, applies this research to the autonomous construction of structures on Mars, using the planet's regolith, which includes dust, sand and rocks.

This advancement has the potential to revolutionize extraterrestrial construction by enabling structures to be built in the most demanding environments with restricted resources.

"We can build a synthetic community by mimicking natural lichens," explains Jin. "We've developed a way to build synthetic lichens to create biomaterials that glue Martian regolith particles into structures. Then, through 3D printing, a wide range of structures can be fabricated, such as buildings, houses and furniture."

Others have researched a variety of methods for bonding Martian regolith particles, including magnesium-based, sulfur-based, and a geopolymer creation. Yet all the methods require significant human assistance and thus are not feasible with the obvious lack of manpower on Mars.




Another approach has been microbe-mediated self-growing technology. Various designs have been developed, such as bacterial biomineralization to bind sand particles into masonry, ureolytic bacteria to promote the production of calcium carbonate to make bricks, and NASA's exploration of the use of fungal mycelium as a bonding agent.

Although microbe-mediated self-growing technology is very promising, the current practices are not completely autonomous because the microbes being used are limited to a single species or strain, thus their survivability requires a continuous supply of nutrients, meaning outside intervention is needed. Again, the lack of manpower on Mars makes this challenging.

To solve this problem, Jin's team has developed a completely autonomous self-growing technology by designing a synthetic community making use of the advantages of multiple species. This system eliminates the need for external nutrient supplies.

The design uses heterotrophic filamentous fungi as bonding material producers because they can promote large amounts of biominerals and survive harsh conditions much better than heterotrophic bacteria. These fungi are paired with photoautotrophic diazotrophic cyanobacteria to create the synthetic lichen system.

How does it work? The diazotrophic cyanobacteria fix carbon dioxide and dinitrogen from the atmosphere and convert them into oxygen and organic nutrients to help the survival and growth of filamentous fungi and increase the concentration of carbonate ions by photosynthetic activities. The filamentous fungi bind metal ions onto fungal cell walls and serve as nucleation sites for biomineral production, as well as enhance the growth of cyanobacteria by providing them water, minerals, and carbon dioxide. Both components secrete biopolymers that enhance the adhesion and cohesion among Martian regolith and precipitated particles to create a consolidated body.

The system grows with only Martian regolith simulant, air, light and an inorganic liquid medium. In other words, no manpower needed.




"The potential of this self-growing technology in enabling long-term extraterrestrial exploration and colonization is significant," states Jin.

The next step of the project, already underway, is the creation of regolith ink to print bio-structures using the 3D printing technique of direct ink writing.

Jin is an assistant professor in the Mechanical and Manufacturing Engineering Technology program in the Department of Engineering Technology and Industrial Distribution at Texas A&M University. Her fellow researchers from the University of Nebraska-Lincoln are Dr. Richard Wilson, Nisha Rokaya and Erin Carr. Read about the team's related research.

Funding for this research is administered by the Texas A&M Engineering Experiment Station (TEES), the official research agency for Texas A&M Engineering.
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New viruses discovered in bats in China could be the next pandemic threat | ScienceDaily
Researchers have discovered two new viruses in bats that are closely related to the deadly Nipah and Hendra viruses -- pathogens that can cause severe brain inflammation and respiratory disease in humans. The viruses, as well as other new viruses, bacteria, and parasites identified from bat kidneys, were reported this week in the open-access journal PLOS Pathogens by Yun Feng of the Yunnan Institute of Endemic Disease Control and Prevention, China, and colleagues.


						
Bats are natural reservoirs for a wide range of microorganisms, including many notable pathogens that have been transmitted to humans. However, a full survey of the diverse array of viruses, fungi, bacteria, and parasites that infect bats has been lacking. Most previous studies have focused on bat feces rather than the animals' organs.

In the new study, researchers looked inside the kidneys of 142 bats from ten species, collected over four years across five areas of Yunnan province, China. Using advanced genetic sequencing, the team found 22 viruses -- 20 of them never seen before.

Two of the most concerning were new henipaviruses, the same genus as Nipah and Hendra viruses, which are known for their high fatality rates in humans. The henipaviruses were found in fruit bats living near orchards close to human villages. Since henipaviruses can spread through urine, the study raises concerns about contaminated fruit and the risk of these viruses jumping to humans or livestock.

The research also identified a novel protozoan parasite, tentatively named Klossiella yunnanensis, along with two highly abundant bacterial species, one of which is a newly discovered species -- Flavobacterium yunnanensis.

"These findings broaden our understanding of the bat kidney infectome, underscore critical zoonotic threats, and highlight the need for comprehensive, full-spectrum microbial analyses of previously understudied organs to better assess spillover risks from bat populations.," the authors say.

The authors add: "By analyzing the infectome of bat kidneys collected near village orchards and caves in Yunnan, we uncovered not only the diverse microbes bats carry, but also the first full-length genomes of novel bat-borne henipaviruses closely related to Hendra and Nipah viruses identified in China -- raising urgent concerns about the potential for these viruses to spill over into humans or livestock."

Funding: This study was funded by grants from the National Key R&D Program of China (2024YFC2607501 & 2024YFC2607502 to M.S.), Yunnan Revitalization Talent Support Program Top Physician Project (XDYC-MY-2022-0074 to Y.F.), the National Natural Science Foundation of China (82341118 to M.S.), Natural Science Foundation of Guangdong Province of China (2022A1515011854 to M.S.), Shenzhen Science and Technology Program (KQTD20200820145822023 to M.S.), Major Project of Guangzhou National Laboratory (GZNL2023A01001 to M.S.), Guangdong Province "Pearl River Talent Plan" Innovation, Entrepreneurship Team Project (2019ZT08Y464 to M.S.), and the Fund of Shenzhen Key Laboratory (ZDSYS20220606100803007 to M.S.), National Health & Medical Research Council (NHMRC) Investigator grant (GNT2017197 to E.C.H.) and AIR@InnoHK administered by the Innovation and Technology Commission, Hong Kong Special Administrative Region, China (to E.C.H.). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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Mammals didn't walk upright until late-here's what fossils reveal | ScienceDaily
For over a century, scientists have puzzled over a fundamental mystery in our evolutionary history: how did mammals go from sprawling like lizards to striding like cats and dogs? This transition -- from a sprawled stance (like a lizard) to an upright (parasagittal) posture -- marked a pivotal moment in mammal evolution. While the earliest non-mammalian synapsids, the ancestors of living mammals, had a sprawling posture, researchers debated when and how the upright postures of modern mammals evolved.


						
Now, a groundbreaking study in PLOS Biology led by Dr. Robert Brocklehurst, a former postdoctoral fellow in the Department of Organismic and Evolutionary Biology (OEB) at Harvard University, offers a surprising answer: the path to upright posture wasn't linear, but full of unexpected detours, evolutionary experimentation, and dramatic anatomical upheaval.

"The evolution of mammals has previously been characterized as a series of steps from sprawling, to semi-sprawling, to upright," said Brocklehurst. "However, what we discovered was a more nonlinear evolutionary progression throughout mammalian history."

All mammals -- from bats and whales to moles and humans -- share a distinctive way of moving: they hold their limbs underneath their bodies, unlike the sprawling posture with limbs out to the side. This posture enables more efficient movement and is tied to mammals' ability to adapt to diverse lifestyles, from digging to flying. This dramatic transition was also accompanied by big changes in limb bone shape and mechanics. To assess these changes, the team analyzed the humerus (upper arm bone) of over 60 non-mammalian synapsid fossils and 140 living animals, including mammals, reptiles and amphibians.

Using a novel analytical technique, pioneered in senior author Professor Stephanie Pierce's lab (also in OEB), researchers mapped each bone's surface to measure traits like length, mass distribution, muscle leverage, and torsion (the degree to which the bone twists along its length). These traits correlate with specific modes of locomotion and allowed the researchers to reconstruct posture and locomotion in the fossils.

"By correlating bone shape and limb biomechanics with posture, we could test how well the fossil bones were optimized for specific functional tasks, like upright walking versus sprawled walking," Brocklehurst said. The researchers achieved this by mapping the fossil non-mammalian synapsids onto a functional adaptive landscape, similar to a topographic map, with peaks and valleys that relate to high and low performance of different locomotor postures.

"We expected to see a neat progression -- from sprawling pelycosaurs to a bit more upright therapsids, then cynodonts, then fully upright mammals," said Brocklehurst. "Instead, we found bursts of innovation."

The findings suggest that mammal evolution involved a series of adaptive radiations, with each major ancestral groups exploring a range of forelimb functions and postures -- some of which were closer to modern mammals, others not.




"The path to upright posture wasn't a straight line," says Pierce, "the ancestors of mammals weren't steps on a ladder with modern mammals at the top. Mammals have been evolving and radiating into many different niches and habitats throughout their history, and their postures reflect that variation."

One fossil, a close relative of today's marsupials and placentals, showed bone features consistent with a modern upright gait, suggesting that fully parasagittal postures evolved relatively late in mammalian history as opposed to previously held hypotheses. This result supports recent work from the same lab on the backbone and hindlimb.

"Our work challenges the idea that posture changed gradually and early on," said Pierce, "instead, it shows that upright posture and locomotion were a late evolutionary innovation, not an early defining trait of the mammalian lineage."

The researchers also challenge the long-held idea that the earliest non-mammalian synapsids sprawled in a similar way to living lizards or crocodiles. "Our study showed that most synapsid limbs functioned differently than those of modern reptiles. They're not just copies of reptiles, but distinctive animals in their own right that are a little different from anything that's alive today," says co-author Kenneth Angielczyk of Chicago's Field Museum.

To compare such a wide range of bones -- spanning hundreds of species, including those hundreds of millions of years apart in age and wildly different in shape -- the team had to overcome major technical hurdles. Traditional methods that describe shape in similar structures didn't work. So, the team re-engineered an existing R software package designed for a different task, transforming it into a novel "slice-based" landmarking tool tailored for this study. Co-author Magdalen Mercado, former undergraduate student in the Integrative Biology program at Harvard, helped gather the extensive dataset as part of her senior thesis and research in the Pierce lab.

The study builds on a rich scientific legacy -- both at Harvard and in paleontology. Pierce, who is also Curator of Vertebrate Paleontology in the Museum of Comparative Zoology (MCZ), noted that, "Researchers and former MCZ curators, like Alfred Sherwood Romer and Farish Jenkins, Jr., were grappling with these same questions a century ago. Now, with new tools and data, we can revisit those ideas and see the story more clearly."

This study marks the first large-scale evolutionary analysis of mammalian posture using quantitative biomechanics. But that's just the beginning. The team is now building detailed models of forelimbs in select fossil species to understand how joints and muscles functioned in ancient animals, offering even deeper insights into the evolution of mammalian motion.




As Brocklehurst put it: "Understanding how mammals came to walk upright isn't just about bones, it's about uncovering the dynamic history of life on Earth."

Funding was provided by the US National Science Foundation (DEB1754459 and DEB1754502), by the Harvard Museum of Comparative Zoology and the Wetmore Colles Fund.

Robert Brocklehurst is currently a postdoctoral research associate in the Department of Biological Sciences at the University of Massachusetts, Lowell. Magdalen Mercado is currently a graduate student in the Committee on Evolutionary Biology at the University of Chicago.
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The brain's sweet spot: How criticality could unlock learning, memory-and prevent Alzheimer's | ScienceDaily
In a new paper with implications for preventing Alzheimer's disease and other neurological disorders, Keith Hengen, an associate professor of biology in Arts & Sciences at Washington University in St. Louis, suggests a new comprehensive approach to understanding how the brain works and the rules it must follow to reach optimal performance.


						
"There's a common perception that the human brain is the most complicated thing in the universe," Hengen said. "The brain is immensely powerful, but that power may arise from a relatively simple set of mathematical principles."

Hengen starts with the premise that almost everything our brains do is learned or powerfully shaped by experience. In other words, we aren't born with hard-wired circuits preprogrammed to help us read, drive cars or do anything else that we do every day. A healthy brain must be ready to learn anything and everything.

But how is a collection of neurons capable of learning? Hengen suggests that brains become learning machines only when they reach a special state called "criticality." A concept borrowed from physics, criticality describes a complex system that is at the tipping point between order and chaos. At this razor's edge, brains are primed to gain new information, Hengen said. "Brains need to reach criticality to think, remember and learn."

Hengen proposed criticality as a unifying theory of brain function and disease in the prestigious journal Neuron. Woodrow Shew, a physicist at the University of Arkansas, is the co-author.

A biologist and a physicist may seem like an odd pairing, but the new unifying theory blends both realms of science. Physicists often describe criticality using the classic example of a sand pile: As sand is added, the pile will grow steeper and steeper until it eventually avalanches. Right before that final grain triggered a moment of chaos, the pile was at a critical angle, one step away from instability.

Shew explained that physicists first developed a deep understanding of criticality as a way to describe magnets and other materials. Around the turn of the 21st century, these ideas were expanded to explain a broader range of complex systems, including avalanches, earthquakes and, ultimately, living systems and the brain.




A defining aspect of critical systems is that they look the same at any scale: A sand pile on the brink of an avalanche has the same slope whether the pile is tiny or mountainous. In the brain, criticality is constant whether it's measured in a handful of neurons or an entire region. Likewise, brain patterns that unfold in time are startlingly similar when considered in milliseconds or hours. "This matches our intuitive understanding of how brains work," Hengen said. "Our internal experiences span milliseconds to months. They don't have a scale."

Hengen and Shew suggest that criticality isn't just a theoretical concept; it's a state that can be precisely measured and calculated through fMRI brain imaging technology. "Criticality is the optimal computational state of the brain," Hengen said. "We've developed a mathematical way to measure how close the brain is to criticality, which should help us nail down the fundamental questions about how a human brain works."

A new understanding of disease 

The criticality framework offers a new perspective for understanding neurological disease. Rather than focusing on specific damaged brain regions or accumulated proteins, Hengen argues that diseases such as Alzheimer's destroy something more basic: the brain's ability to maintain criticality.

"Alzheimer's and other neurodegenerative diseases don't just damage neurons, they break the brain's general ability to compute by slowly dissolving criticality," Hengen explained. "As a brain moves further and further from criticality, it loses the ability to adapt and process information effectively."

This framework explains a puzzling feature of brain diseases: Patients often appear completely normal until they've lost many neurons. "The brain has remarkable compensatory abilities that can mask functional problems even as criticality begins to erode," Hengen said. "Traditional assessments miss the early stages because they focus on established endpoints that the brain tries to maintain through workarounds."

As criticality gradually deteriorates, the brain works harder to achieve the same cognitive outcomes, Hengen said. "It's like an engine that still runs but requires more fuel and generates more heat. By the time we notice memory problems or other symptoms, criticality has likely been compromised for years."




Hengen's collaboration with David M. Holtzman, MD, the Barbara Burton and Reuben M. Morriss III Distinguished Professor at WashU Medicine, has revealed that tau protein buildup in Alzheimer's directly disrupts criticality, providing a clear link between the disease's molecular hallmarks and cognitive collapse.

This connection between criticality and Alzheimer's opens exciting diagnostic possibilities. In theory, a simple fMRI could help detect breakdowns in criticality years before symptoms appear. "In combination with cutting-edge blood tests, we could identify people at risk and intervene before irreversible damage occurs," Hengen said.

In another collaboration, Hengen has teamed up with Deanna Barch, the Gregory B. Couch Professor of Psychiatry at WashU Medicine and a professor of psychological and brain sciences in Arts & Sciences, for an observational study to see how criticality at birth determines cognitive development and abilities in childhood. "From the beginning, some kids are closer to criticality than others, which, based on our theory, suggests they are going to be better learners," Hengen said. "Many outside factors can affect their success in school, but criticality can explain an impressive amount of the variability between children."

The sleep-mind connection 

In early 2024, Hengen and co-author Ralf Wessel, a professor of physics in Arts & Sciences at WashU, used the concept of criticality to revisit an age-old question: Why do we need sleep? By tracking brain activity over multiple weeks, they found that sleep restores a state of criticality. "Being awake and active moves us away from criticality, and sleep is like a reset button," Hengen explained.

That insight could help researchers unlock the power of sleep as a therapy for Alzheimer's and other neurological diseases that push the brain away from its optimal state. Previous studies by Holtzman and others have found that people who don't get the sleep they need -- perhaps due to shift work or chronic insomnia -- are at a much higher risk for Alzheimer's as they age. And there's already some evidence that sleep interventions can help slow the progression of Alzheimer's symptoms.

Hengen believes that targeted, intensive sleep-based therapy could help restore criticality and improve learning and memory in people with brain disease. Studies of mice conducted by Holtzman and James McGregor, a postdoctoral researcher in Hengen's lab, offer a glimpse of the possibilities: Mice specifically bred to have symptoms of Alzheimer's become faster learners after a targeted sleep intervention reinforces criticality.

Critical future 

There is much work to be done, but Hengen would eventually like to understand how criticality helps explain complex features of human neurobiology. "We may find that someone who is an amazing artist, for example, might be extremely close to criticality in parts of the brain involved in creative ideation," he said. It's also possible that a close look at criticality could point to undiscovered tendencies or talents that just need an outlet. "Maybe they never tried art, but we can see that the potential is there."

In the meantime, Hengen, Shew, and others are spreading the word about the importance of criticality. Hengen presented a TEDx talk on the subject in 2024 and shared his work at Arts & Sciences' inaugural research pitch competition, where he took second place. He hopes the new Neuron paper will inspire conversations among neurologists, doctors, reporters and the general public.

A unified theory of the mind could change the world, but first, it must unify the experts. "Woody (Shew) and I really think we're on to something here," Hengen said. "And, perhaps slowly, others are starting to agree."

WashU was the ideal place for a new concept of the brain to emerge, Hengen said. "We're surrounded by brilliant people in diverse fields, including physics, biology, psychology, mathematics and neuroscience, and the community here is remarkably supportive," he said. "Everyone is ready to help."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250625075016.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Vitamin C flips your skin's "youth genes," reversing age-related thinning | ScienceDaily
The skin acts as the body's first line of defense against external threats. However, as we age, the epidermis -- the outermost layer of skin -- gradually becomes thinner and loses its protective strength. About 90% of the cells in this layer are keratinocytes, which originate from deeper layers of the epidermis and migrate upward, ultimately forming the skin's protective barrier. To combat aging's impact on skin, numerous studies have emphasized the benefits of vitamin C (VC), a vitamin well known for its role in skin health and antioxidant properties.


						
Now, researchers in Japan have discovered that VC helps thicken the skin by directly activating genes that control skin cell growth and development. Their findings, published online in the Journal of Investigative Dermatology on April 20, 2025, suggest that VC may restore skin function by reactivating genes essential for epidermal renewal.

This study was led by Dr. Akihito Ishigami, Vice President of the Division of Biology and Medical Sciences at Tokyo Metropolitan Institute for Geriatrics and Gerontology (TMIG), Japan, in collaboration with Hokuriku University, and ROHTO Pharmaceutical Co., Ltd. Associate Professor Ayami Sato from TMIG (currently at the Toyo University); Associate Professor Yasunori Sato, Professor Toshiyuki Kimura, and Mr. Hideki Tanaka (currently at the University of Fukui Hospital) from Hokuriku University; and Ms. Florence, Ms. Akari Kuwano, Mr. Yasunari Sato, and Mr. Tsuyoshi Ishii from ROHTO Pharmaceutical Co., Ltd also co-authored the study.

"VC seems to influence the structure and function of epidermis, especially by controlling the growth of epidermal cells. In this study, we investigated whether it promotes cell proliferation and differentiation via epigenetic changes," explains Dr. Ishigami, while talking about this study.

To investigate how VC affects skin regeneration, the team used human epidermal equivalents, which are laboratory-grown models that closely mimic real human skin. In this model, skin cells are exposed to air on the surface while being nourished from underneath by a liquid nutrient medium, replicating the way human skin receives nutrients from underlying blood vessels while remaining exposed to the external environment.

The researchers used this model and applied VC at 1.0 and 0.1 mM -- concentrations comparable to those typically transported from the bloodstream into the epidermis. On assessing its effect, they found that VC-treated skin showed a thicker epidermal cell layer without significantly affecting the stratum corneum (the outer layer composed of dead cells) on day seven. By day 14, the inner layer was even thicker, and the outer layer was found to be thinner, suggesting that VC promotes the formation and division of keratinocytes. Samples treated with VC showed increased cell proliferation, demonstrated by a higher number of Ki-67-positive cells -- a protein marker present in the nucleus of actively dividing cells.

Importantly, the study revealed that VC helps skin cells grow by reactivating genes associated with cell proliferation. It does so by promoting the removal of methyl groups from DNA, in a process known as DNA demethylation. When DNA is methylated, methyl groups attach to cytosine bases, which can prevent the DNA from being transcribed or read, thereby suppressing gene activity. Conversely, by promoting DNA demethylation, VC promotes gene expression and helps cells to grow, multiply, and differentiate.




The study suggests that VC supports active DNA demethylation by sustaining the function of TET enzymes (ten-eleven translocation enzymes), which regulate gene activity. These enzymes convert 5-methylcytosine (5-mC) into 5-hydroxymethylcytosine (5-hmC), a process in which Fe2+ is oxidized to Fe3+. VC helps maintain TET enzyme activity by donating electrons to regenerate Fe2+ from Fe3+, enabling continued DNA demethylation.

The researchers further identified over 10,138 hypomethylated differentially methylated regions in VC-treated skin and observed a 1.6- to 75.2-fold increase in the expression of 12 key proliferation-related genes. When a TET enzyme inhibitor was applied, these effects were reversed, confirming that VC functions through TET-mediated DNA demethylation.

These findings reveal how VC promotes skin renewal by triggering genetic pathways involved in growth and repair. This suggests that VC may be particularly helpful for older adults or those with damaged or thinning skin, boosting the skin's natural capacity to regenerate and strengthen itself.

"We found that VC helps thicken the skin by encouraging keratinocyte proliferation through DNA demethylation, making it a promising treatment for thinning skin, especially in older adults," concludes Dr. Ishigami.

This study was supported by grants from the Japan Society for the Promotion of Science (JSPS) KAKENHI: grant number 19K05902.
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Inside the tumor: AI cracks five hidden cell types to stop cancer's comeback | ScienceDaily
A multinational team of researchers, co-led by the Garvan Institute of Medical Research, has developed and tested a new AI tool to better characterize the diversity of individual cells within tumors, opening doors for more targeted therapies for patients.


						
Findings on the development and use of the AI tool, called AAnet, have today been published in Cancer Discovery, a journal of the American Association for Cancer Research.

Not all tumor cells the same

Tumors aren't made up of just one cell type - they're a mix of different cells that grow and respond to treatment in different ways. This diversity, or heterogeneity, makes cancer harder to treat and can in turn lead to worse outcomes, especially in triple-negative breast cancer.

"Heterogeneity is a problem because currently we treat tumors as if they are made up of the same cell. This means we give one therapy that kills most cells in the tumor by targeting a particular mechanism. But not all cancer cells may share that mechanism. As a result, while the patient may have an initial response, the remaining cells can grow and the cancer may come back," says Associate Professor Christine Chaffer, co-senior author of the study and Co-Director of the Cancer Plasticity and Dormancy Program at Garvan.

But while heterogeneity is a problem, researchers don't know enough to characterize it: "So far researchers haven't been able to clearly explain how adjacent cells in a tumor differ from each other, and how to classify those differences into meaningful ways to better treat tumors. But this is exactly what we need to know so we can kill all cells within that tumor with the right therapies," Associate Professor Chaffer adds.

A new tool characterizes five new cancer cell groups

To solve this problem, the team developed and trained a powerful new AI tool called AAnet that can detect biological patterns in cells within tumors.




They then used the AI tool to uncover patterns in the level of gene expression of individual cells within tumors, focusing on preclinical models of triple-negative breast cancer and human samples of ER positive, HER2 positive and triple-negative breast cancer. Through this, they identified five different cancer cell groups within a tumor, with distinct gene expression profiles that indicated vast differences in cell behaviour.

"By using our AI tool, we were consistently able to discover five new groups of cell types within single tumors called 'archetypes'. Each group exhibited different biological pathways and propensities for growth, metastasis and markers of poor prognosis. Our next steps are to see how these groups may change over time, for example before and after chemotherapy," says Associate Professor Chaffer.

This is a first for cancer research. Co-lead, Associate Professor Smita Krishnaswamy from Yale University who led the development of the AI tool states: "Thanks to technology advances, the last 20 years have seen an explosion of data at the single-cell level. With this data we have been finding out that not only is each patient's cancer different, but each cancer cell behaves differently from another. Our study is the first time that single-cell data have been able to simplify this continuum of cell states into a handful of meaningful archetypes through which diversity can be analyzed to find meaningful associations with spatial tumor growth and metabolomic signatures. This could be a game changer."

New classification to drive better, targeted treatments

The researchers say the use of AAnet to characterize the different groups of cells in a tumor according to their biology opens doors for a paradigm shift in how we treat cancer.

"Currently the choice of cancer treatment for a patient is largely based on the organ that the cancer came from such as breast, lung or prostate and any molecular markers it may exhibit. But this assumes that all cells in that cancer are the same. Instead, now we have a tool to characterize the heterogeneity of a patient's tumor and really understand what each group of cells is doing at a biological level. With AAnet, we now hope to improve the rational design of combination therapies that we know will target each of those different groups through their biological pathways. This has the potential to vastly improve outcomes for that patient," says Associate Professor Chaffer.




On the application of AAnet, co-senior author of the study and Chief Scientific Officer of Garvan Professor Sarah Kummerfeld states: "We envision a future where doctors combine this AI analysis with traditional cancer diagnoses to develop more personalized treatments that target all cell types within a person's unique tumor. These results represent a true melding of cutting-edge technology and biology that can improve patient care. Our study focused on breast cancer, but it could be applied to other cancers and illnesses such as autoimmune disorders. The technology is already there."

This research was supported through the following sources. 

In Australia: The NELUNE Foundation, Tour de Cure, Estee Lauder, The Kinghorn Foundation, The Paramor Family Foundation, University of New South Wales Scientia Research Fellowship, Ramaciotti Biomedical Research Award, ARC Development Project grant and NHMRC Ideas Grants and Investigator Grant. 

In the US: Gruber Foundation Science Fellowship and the Eric and Wendy Schmidt Center at the Broad Institute of MIT and Harvard, National Science Foundation, Yale Cancer Center Pilot grant and Sloan Fellowship.
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Scientists reprogram ant behavior using brain molecules | ScienceDaily
From the bright lights of cities that don't sleep -- where people hustle and bustle through the night to keep subways, servers, and supply chains alive -- to the whisper-dark understory of tropical forests where ants hum in syncopated lines, the planet's most intricate societies hinge on round-the-clock cooperation and finely tuned roles.


						
Within Atta cephalotes, or leafcutter ants, every role is pre-written in morphology, from curves of the mandible (jaws) to body size, scripting a precise division of labor. The hulking Major ants serve as sentinels, patrolling doorways and repelling intruders; the slightly more diminutive Media ants harvest leaf confetti for nimble Minors, the colony custodians and caretakers; and, at the tiniest tier, pin-sized Minima ants groom fungal gardens and cradle the brood.

Now, researchers led by Shelley Berger of the University of Pennsylvania, have revealed key elements of the leafcutters' genetic code, pinpointing two signaling molecules that can be dialed up or down to reprogram ant duties. Crustacean cardioactive peptide (CCAP), elevated in Media ants, promotes leaf-harvesting tasks and can induce similar behavior in other subcastes. Neuroparsin-A (NPA), abundant in Majors, however, suppresses brood care and is linked to defensive patrols, alternately lowering its levels of NPA prompts caregiving behavior.

Reporting their findings in Cell, the researchers also uncovered a striking parallel: gene-expression patterns that govern division of labor in leafcutter ants mirror those in eusocial naked mole-rats -- mammals that similarly abide by cooperative brood care -- hinting at a convergent molecular mechanism dating back over 600 million years.

"We were amazed to see the apparent similarity of gene regulation between nurses and foragers of ants compared to naked mole-rat mammals -- this was unexpected," says Berger the Daniel S. Och Penn Integrates Knowledge University Professor with appointments in the School of Arts & Sciences and the Perelman School of Medicine. "Our results in ants reinforce how single neuropeptides can dramatically alter behavior, which may be applicable to human social behavior -- although humans of course are much more complex."

From carpenters to leafcutters 

Building on previous research on the carpenter ants, which have a similar but simpler social organization consisting of two roles -- forager and soldier -- the team investigated several different neuropeptides in leafcutters to explore how these principles scaled up to the more nuanced four-subcaste structure of Major, Media, Minor, and Minim.




The researchers created 3D-printed behavioral chambers that allowed them to monitor how ants interacted with leaves, the brood, or fungus. These chambers enabled tracking and quantification of behavior through video analysis, demonstrating how altering CCAP and NPA levels in ants induced dramatic and reproducible shifts in their assigned tasks.

"Generally speaking, specific neuropeptides are more abundant in certain castes, so we looked at the levels of neuropeptides in the brains of each caste," explains Karl Glastad, assistant professor at the University of Rochester and former postdoctoral researcher in the Berger lab. "In Majors, the neuropeptide that dictates leafcutter behavior is low and the neuropeptide that stops nursing is high, so if we increase the former, it leads to leafcutter behavior, and if we decrease the latter, it leads to nursing and caretaking of brood."

Glastad adds that these neuropeptides, once bound to their matching receptors, spark an intricate signaling cascade that ripples through gene networks, like a molecular Rube Goldberg machine, that leads to ants shifting from one specialized task to another.

Molecular mechanisms across kingdoms 

To further explore the evolutionary depth and implications of this behavioral script, the team investigated naked mole-rats a distant evolutionary cousin whose subterranean colonies echo the caste-like harmony of leaf-cutter nests.

"At first, I thought incorporating naked mole-rats felt like a bit of a boondoggle," laughs Glastad. "But we were amazed to discover that there's actually a lot of similarities in the molecular regulation of these kinds of foraging and caretaking castes between the brains of these two species."

Despite naked mole-rats lacking the exact neuropeptides like NPA found in ants, the researchers hypothesized that these peptides might still activate ancient, conserved pathways common to both species due to promiscuity of certain, more conserved receptors.




"When we saw these intriguing neuropeptide results, we pursued the idea that maybe this neuropeptide is plugging into some conserved gene pathways that convergently evolved in these very different animals to manage distinct behaviors," Glastad explains. "And remarkably, we found substantial overlap -- enough that the ant neuropeptide could even activate endogenous receptors in the naked mole-rat brain. Discovering that unexpected convergence was incredibly cool and, frankly, fortuitous."

A novel role for insulin regulatory pathways? 

The findings also reveal intriguing connections to insulin regulation pathways, known for their important role in sugar metabolism.

Particularly, insulin-like peptides such as Ilp1 were prominently expressed alongside NPA, suggesting a previously unappreciated interplay between neuropeptide signaling and insulin pathways in behavioral regulation.

"By discovering, essentially, that there's this link between insulin and maternal caretaking behavior, both with naked mole-rats and then also with leafcutter ants, we speculate that this might open the door for potentially looking at how disorders in insulin regulation may affect these behaviors," says first author Maxxum Fioriti, a graduate researcher in the Berger Lab.

"This connection launches new avenues for research into how insulin might regulate caregiving behaviors in mammals, potentially even humans," Fioriti says, venturing that insulin resistance disorders like diabetes may affect maternal mental health and post-partum depression.

Extending to lifespan plasticity 

Looking ahead, Berger's team is keen to explore the persistence of biological plasticity as it relates to behaviors. They are also interested in extending their work to late life rejuvenation and lifespan plasticity because reproductive ant queens live much longer than workers that don't reproduce.

Berger believes that epigenetics, the study of how gene activity can be turned on or off without changing the underlying DNA, offers powerful ways to understand not only behavioral plasticity but lifespan plasticity too.

"We're really interested in how long the reprogrammed behavior persists, and what are the pathways for long-lived queens," she says. "I think both phenomena are of enormous interest in mammalian and human biology -- the long-term effects of the plasticity of behavior and lifespan we're investigating."

Speaking about future research on lifespan plasticity, Fioriti notes that one of the other ant species in the lab has amazing lifespan plasticity, "where instead of having just different behaviors, they can also switch between a long-lived queen versus a short-lived worker."

"We have these comparisons of the ant behavior model with the naked mole-rat, and we're also interested in seeing if we can couple understanding lifespan plasticity between ant and naked mole-rat as well," Fioriti says.

Key Takeaways
    	Researchers led by Penn Integrates Knowledge Professor in the  School of Arts & Sciences and the Perelman School of Medicine  Shelley Berger explore the genetic basis of how communal-dwelling  organisms like leafcutter ants and naked mole-rats divide labor among  their societies
    	They discovered that pathways dating back hundreds of millions of years are conserved across animal kingdoms
    	Their findings offer fundamental insights into the origins of complex social behaviors and the neuroplasticity of assigned roles
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1. 7 million patients reveal stunning link between semaglutide and lower dementia risk | ScienceDaily
Researchers at the Case Western Reserve School of Medicine have found that semaglutide, a popular diabetes and weight-loss drug, may lower the risk of dementia in people with type 2 diabetes (T2D).


						
Dementia, a condition that slowly makes it harder for people to remember things and think clearly, occurs when brain cells are damaged and their connections stop working properly. This damage, which worsens over time, can be caused by various modifiable factors, including obesity, T2D, cardiovascular diseases, traumatic brain injury and stroke.

According to the National Institutes of Health, more than 6 million people in the United States are diagnosed with dementia, and it causes more than 100,000 deaths each year. Encouragingly, research indicates that 45% of dementia cases could be prevented by addressing modifiable risk factors.

The study, published on June 24 in the Journal of Alzheimer's Disease, suggests T2D patients taking semaglutide had a significantly lower risk of developing dementia compared to other antidiabetic medications. These results were more profound in women and older adults.

Semaglutide, a glucagon-like peptide receptor (GLP-1R) molecule that decreases hunger and helps regulate blood sugar in T2D, is also the active component in the diabetes and weight-loss drugs Wegovy and Ozempic. Semaglutide has shown a broad range of benefits, including reductions in cardiovascular diseases.

The research team -- led by biomedical informatics professor Rong Xu -- analyzed three years of electronic records of nearly 1.7 million T2D patients nationally. The researchers used a statistical approach that mimics a randomized clinical trial.

They found patients prescribed semaglutide had a significantly lower risk for Alzheimer's disease-related dementia, compared to those who had taken any of seven other anti-diabetic medications, including other types of GLP-1R-targeting medications.

"There is no cure or effective treatment for dementia, so this new study provides real-world evidence for its potential impact on preventing or slowing dementia development among at-high risk population," said Xu, who also directs the School of Medicine's Center for AI in Drug Discovery and is a member of the Cancer Genomics Epigenomics Program at the Case Comprehensive Cancer Center.

Although their findings potentially support the idea that semaglutide could prevent dementia, the study's limitations restrict the researchers from making firm causal conclusions, she said.

"Our results indicate that research into semaglutide's use for dementia prevention will need to be further investigated through randomized clinical trials" Xu said.
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The pleasure prescription: Why more sex means less menopause pain | ScienceDaily
It's no secret that women often become less interested in sex with age. However, orgasm and satisfaction have been shown to not decline significantly with age. A new study suggests regular sexual activity may limit vulvar pain, irritation, and dryness, which are all common reasons women have less sex as they get older. Results of the study are published online today in Menopause, the journal of The Menopause Society.


						
Estrogen deficiency during and after menopause may reduce the life expectancy of women and impair their quality of life through a condition called genitourinary syndrome of menopause (GSM). In 2014, GSM was defined as a collection of symptoms and signs associated with decreased estrogen and sex steroid levels. GSM includes genital, sexual and urinary symptoms -- all of which can affect the frequency of sexual activity for women aged in their 40s to 70s.

In this new study involving more than 900 women aged 40 to 79 years, researchers sought to examine the association between sexual regularity and vulvovaginal-related problematic menopause symptoms. The vulva refers to the external female genitalia, and the vagina to the internal anatomy. Common problems experienced with menopause include itching, burning, pain, decreased lubrication, and changes in skin appearance.

Engaging in sexual activity in the past 3 months was defined as regular sexual activity, whereas engaging in sexual activity in the past year (but not in the past 3 months) was considered lower sexual activity. Not surprisingly, the researchers confirmed that the proportion of women having regular sexual activity decreased significantly with age, which aligns with the fact that Female Sexual Function Index scores for sexual desire, arousal, and lubrication also significantly decreased with age. The Female Sexual Function Index consists of 19 questions on female sexual function under six domains. Noteworthy, however, was that the scores for orgasm and satisfaction did not change with age.

Based on the results of the study, the researchers determined that some sexual functions and symptoms change with age but may be maintained in women who engage in more regular sexual activity. This study also revealed that women with regular sexual activity showed a low prevalence of GSM-related symptoms.

Study results are published in the article "Cross-sectional study of the association between regular sexual activity and sexual function and genitourinary syndrome of menopause-related symptoms."

"The findings highlight the importance of diagnosing and treating GSM. Only 2.9% of the participants reported using hormone therapy. Local low-dose vaginal estrogen therapy is safe and highly effective at alleviating bothersome vulvovaginal symptoms contributing to pain and avoidance of intercourse. And although optimal sexual health is integral to overall well-being, it is also imperative to recognize the effect these symptoms can have on women who aren't sexually active. Treatment should be offered to anyone with symptoms, whether engaging in sexual activity or not. Normalizing use of local low-dose estrogen therapy should be a thing," says Dr. Monica Christmas, associate medical director for The Menopause Society.
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Quantum computers just got an upgrade - and it's 10x more efficient | ScienceDaily
Quantum computers can solve extraordinarily complex problems, unlocking new possibilities in fields such as drug development, encryption, AI, and logistics. Now, researchers at Chalmers University of Technology in Sweden have developed a highly efficient amplifier that activates only when reading information from qubits. Thanks to its smart design, it consumes just one-tenth of the power consumed by the best amplifiers available today. This reduces qubit decoherence and lays the foundation for more powerful quantum computers with significantly more qubits and enhanced performance.


						
Bits, which are the building blocks of a conventional computer, can only ever have the value of 1 or 0. By contrast, the common building blocks of a quantum computer, quantum bits or qubits, can exist in states having the value 1 and 0 simultaneously as well as all states in between in any combination. This means that a 20 qubit quantum computer can represent over a million different states simultaneously. This phenomenon, which is called superposition, is one of the key reasons that quantum computers can solve exceptionally complex problems that are beyond the capabilities of today's conventional supercomputers.

Amplifiers are essential - but cause decoherence

To be able to utilize a quantum computer's computational power, qubits must be measured and converted into interpretable information. This process requires extremely sensitive microwave amplifiers to ensure that these weak signals are accurately detected and read. However, reading quantum information is an extremely delicate business - even the slightest temperature fluctuation, noise, or electromagnetic interference can cause qubits to lose their integrity, their quantum state, rendering the information unusable. Because the amplifiers generate output in the form of heat, they also cause decoherence. As a result, researchers in this field are always in pursuit of more efficient qubit amplifiers. Now, Chalmers researchers have taken an important step forward with their new, highly efficient amplifier.

"This is the most sensitive amplifier that can be built today using transistors. We've now managed to reduce its power consumption to just one-tenth of that required by today's best amplifiers - without compromising performance. We hope and believe that this breakthrough will enable more accurate readout of qubits in the future," says Yin Zeng, a doctoral student in terahertz and millimeter wave technology at Chalmers, and the first author of the study published in the journal IEEE Transactions on Microwave Theory and Techniques.

An essential breakthrough in scaling up quantum computers

This advance could be significant in scaling up quantum computers to accommodate significantly more qubits than today. Chalmers has been actively engaged in this field for many years through a national research program, the Wallenberg Centre for Quantum Technology. As the number of qubits increases, so does the computer's computational power and capacity to handle highly complex calculations. However, larger quantum systems also require more amplifiers, leading to greater overall power consumption, which can lead to decoherence of the qubits.




"This study offers a solution in future upscaling of quantum computers where the heat generated by these qubit amplifiers poses a major limiting factor," says Jan Grahn, professor of microwave electronics at Chalmers and Yin Zeng's principal supervisor.

Activated only when needed

Unlike other low-noise amplifiers, the new amplifier developed by the Chalmers researchers is pulse-operated, meaning that it is activated only when needed for qubit amplification rather than being always switched on.

"This is the first demonstration of low-noise semiconductor amplifiers for quantum readout in pulsed operation that does not affect performance and with drastically reduced power consumption compared to the current state of the art," says Jan Grahn.

Since quantum information is transmitted in pulses, one of the key challenges was to ensure that the amplifier was activated rapidly enough to keep pace with the qubit readout. The Chalmers team addressed this by designing a smart amplifier using an algorithm that improves the operation of the amplifier. To validate their approach, they also developed a novel technique for measuring the noise and amplification of a pulse-operated low-noise microwave amplifier.

"We used genetic programming to enable smart control of the amplifier. As a result, it responded much faster to the incoming qubit pulse, in just 35 nanoseconds," says Yin Zeng.




More information about the study:

Read the article Pulsed HEMT LNA Operation for Qubit Readout in IEEE Transactions on Microwave Theory and Techniques.

The article is authored by Yin Zeng and Jan Grahn, both active at the Terahertz and Millimeter Wave Technology Laboratory at the Department of Microtechnology and Nanoscience at Chalmers University of Technology, and by Jorgen Stenarson and Peter Sobis, both active at Low Noise Factory AB.

The amplifier has been developed using the Kollberg Laboratory at Chalmers University of Technology and at Low Noise Factory AB in Gothenburg, Sweden.

The research project is funded by the Chalmers Centre for Wireless Infrastructure Technology (WiTECH) and by the Vinnova program Smarter electronic systems.
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The molecule that might save your sight-and your heart | ScienceDaily
A new study from Washington University School of Medicine in St. Louis identifies a possible way to slow or block progression of age-related macular degeneration, a leading cause of blindness in people over age 50. The WashU Medicine researchers and their international collaborators implicated problems with cholesterol metabolism in this type of vision loss, perhaps helping to explain the links between macular degeneration and cardiovascular disease, which both worsen with age.


						
The new findings -- identified using human plasma samples and mouse models of macular degeneration -- suggest that increasing the amount of a molecule called apolipoprotein M (ApoM) in the blood fixes problems in cholesterol processing that lead to cellular damage in the eyes and other organs. Various methods of dialing up ApoM could serve as new treatment strategies for age-related macular degeneration and perhaps some forms of heart failure triggered by similar dysfunctional cholesterol processing.

The study appears June 24 in the journal Nature Communications.

"Our study points to a possible way to address a major unmet clinical need," said senior author Rajendra S. Apte, MD, PhD, the Paul A. Cibis Distinguished Professor of Ophthalmology and Visual Sciences at WashU Medicine. "Current therapies that reduce the chance of further vision loss are limited to only the most advanced stages of macular degeneration and do not reverse the disease. Our findings suggest that developing treatments that increase ApoM levels could treat or even prevent the disease and therefore preserve people's vision as they age."

In macular degeneration, doctors can see cholesterol-rich deposits under the retina during an eye exam, according to Apte. In early stages, vision might still be normal, but the deposits increase inflammation and other damaging processes the lead to the gradual loss of central vision. In the most common type, "dry" macular degeneration, the cells in the central part of the retina can be damaged, causing a type of neurodegeneration called geographic atrophy, which is similar to what happens in the brain in conditions such as Alzheimer's disease. Dry macular degeneration can turn into "wet" macular degeneration, in which abnormal blood vessel growth damages vision.

Geographic atrophy and wet macular degeneration are advanced forms of the disease that are accompanied by vision loss. Although some approved therapies for advanced disease are available, the disease process itself is not reversible at that stage.

 A common culprit in eye disease and heart failure 

In recent years, evidence has emerged that ApoM can serve as a protective molecule with known anti-inflammatory effects and roles in maintaining healthy cholesterol metabolism. With that in mind, Apte and co-senior author Ali Javaheri, MD, PhD, an assistant professor of medicine, were interested assessing whether reduced ApoM levels, which fall with age, could be involved in the dysfunctional cholesterol metabolism that is at the root of multiple diseases of aging, including macular degeneration and heart disease. They showed that patients with macular degeneration have reduced levels of ApoM circulating in the blood compared with healthy controls. And past work by Javaheri, a WashU Medicine cardiologist, showed that patients with various forms of heart failure also had reduced levels of ApoM in the blood.




This study revealed that ApoM is a key component in the "good cholesterol" pathways that mop up excess cholesterol -- the bad kind that tends to drive inflammation -- and clear it from the body through the liver.

Apte and Javaheri's research suggests that when ApoM is low, cells in the retina and heart muscle can't correctly metabolize cholesterol deposits and have a hard time getting rid of these accumulating lipids. When these lipids build up, it leads to inflammation and cellular damage.

To see if they could reverse the harmful effects of low ApoM, the researchers increased ApoM levels in mouse models of macular degeneration, using genetic modification or plasma transfer from other mice. The mice showed evidence of improved retinal health, improved function of light-sensing cells in the retina and reduced accumulation of cholesterol deposits. The researchers further found evidence that ApoM triggers a signaling pathway that breaks down the cholesterol in cellular compartments called lysosomes, which are known for playing important roles in disposing of cellular waste.

The researchers also found that ApoM must be bound to a molecule called sphingosine-1-phosphate (S1P) to get the beneficial effects of ApoM treatment in the mice.

Apte and Javaheri are working with Mobius Scientific, a WashU startup company that is working to harness this knowledge of the role of ApoM in macular degeneration to develop new approaches to treating or preventing the disease. Apte and Javaheri worked with WashU's Office of Technology Management (OTM) to launch Mobius Scientific in 2022.

The findings also could have implications for future interventions that raise ApoM in patients with heart failure.




"One of the exciting things about this collaboration is realizing the links between retinal pigment epithelial cells and heart muscle cell, which are both vulnerable to low ApoM," Javeheri said. "It is possible that the interaction between ApoM and S1P is regulating cholesterol metabolism in both cell types. We look forward to exploring strategies to increase ApoM in ways that could help the eye and the heart maintain healthy cholesterol metabolism over time and stave off two major diseases of aging."

This work was supported by National Institutes of Health (NIH), grant numbers R01 EY019287, P30 EY02687, 1T32GM1397740-1, K08HL138262, 1R01HL155344, P30DK020579 and P30DK056341; the Jeffrey T. Fort Innovation Fund; the Starr Foundation AMD Research Fund; the Siteman Retina Research Fund; a Research to Prevent Blindness/American Macular Degeneration Foundation Catalyst Award for Innovative Research Approaches for Age-Related Macular Degeneration; the Carl Marshall and Mildred Almen Reeves Foundation; the Retina Associates of St. Louis Research Fund; a pilot project grant from the Washington University Genome Technology Access Center; an unrestricted grant from Research to Prevent Blindness to the John F. Hardesty, MD Department of Ophthalmology and Visual Sciences at Washington University School of Medicine in St. Louis; a Vitreoretinal Surgery Foundation Fellowship, number VGR0023118; the Children's Discovery Institute of Washington University and St. Louis Children's Hospital, grant number MC-FR-2020- 919; the Longer Life Foundation; and by the Austrian Science Fund, grant number SFB 10.55776/F73.

Apte and Javaheri have intellectual property applications licensed by Washington University to Mobius Scientific. Apte is currently the chief scientific officer at Mobius Scientific and both serve on the company's advisory board.
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Mojave lichen defies death rays-could life thrive on distant exoplanets? | ScienceDaily
The question of whether Earth is alone in harboring life has captivated humanity for millennia. In recent years, scientists have turned to Earth-like planets in other solar systems that may show the most promise, but many revolve around stars that emit much stronger solar radiation than our own. Now, a new study offers evidence that life as we know it may be able to thrive on those Earth-like exoplanets.


						
Published June 12th in Astrobiology, the new research demonstrated that lichen found in the Mojave Desert survived for 3 months under levels of solar radiation previously considered lethal. The common lichen, Clavascidium lacinulatum, was injured, but able to recover and replicate. The results show that photosynthetic life may be possible on planets exposed to intense solar radiation.

"The study was motivated by a curious observation," said Henry Sun, Associate Research Professor of Microbiology at DRI and one of the lead authors of the study. "I was just walking in the desert and I noticed that the lichens growing there aren't green, they're black. They are photosynthetic and contain chlorophyll, so you would think they'd be green. So I wondered, 'What is the pigment they're wearing?' And that pigment turned out to be the world's best sunscreen."

Life on Earth has evolved to withstand solar radiation known as UVA and UVB rays, which encompass longer wavelengths of ultraviolet radiation. UVC rays represent the shorter, more damaging wavelengths; these are filtered by Earth's atmosphere and therefore do not reach the surface. UVC radiation is so lethal to life, in fact, that it is used to sterilize air, water, and surfaces of microorganisms like viruses and bacteria. Even a brief exposure to UVC radiation will damage an organism's DNA and prevent it from reproducing.

Scientists have wondered, then, whether many of the Earth-like planets discovered in recent years could possibly harbor life. Many of these planets revolve around stars known as M and F stars that emit intense UVC radiation, especially during solar flares.

"After the launch of the James Webb Space Telescope, which can see extremely far into space, the excitement shifted from finding life on Mars to these exoplanets," Sun said. "We're talking about planets that have liquid water and an atmosphere."

Sun and his graduate student at the time, Tejinder Singh, collected the lichen from the Mojave Desert near their homes in Las Vegas. They then placed it next to a UVC lamp in a controlled laboratory setting for 3 months straight. Remarkably, half of the algal cells in the lichen remained viable and replicated when rehydrated.




"In order for a microorganism to persist on a planet, it has to last longer than a day," Sun said. "So, our experiment had to be long enough to be ecologically significant. We also wanted to go beyond just activity and demonstrate viability."

To explore how this was chemically possible, Sun teamed up with chemists from the University of Nevada, Reno. They conducted two experiments that demonstrated how lichen acids are the natural world's equivalent of the additives used to make plastics UV-resistant.

They investigated the lichen's protective layer by cutting a cross-section of it and found that the top layer was darker, like a human's suntan. Lichen is composed of algae or cyanobacteria living symbiotically with fungi; when the algal cells were separated from the fungi and protective layer, exposure to the same UVC radiation killed the cells in less than a minute.

The discovery that lichen has evolved this protective layer to UVC radiation was surprising, Sun said, because it isn't necessary for their survival. Earth's atmosphere was already filtering out UVC rays by the time lichen appeared, so the protection is a mere bonus thanks to their remarkable UVA and UVB protection.

Some of the damage that occurs from exposure to intense solar radiation is the result of chemical reactions with the atmosphere, particularly the production of ozone when oxygen, nitric oxide, and UV radiation interact. To test the lichen's protection under different atmospheric conditions, the researchers placed it in an oxygen-free box with the UVC light and found that the radiation damage was further reduced.

"We came to the conclusion that the lichen's top layer - a less than millimeter thick skin, if you will - assures that all the cells below are protected from radiation. This layer acts as a photo stabilizer and even protects the cells from harmful chemical reactions caused by the radiation, including reactive oxygen."

The study offers evidence that planets beyond Earth, and beyond our solar system, may be inhabitable. In fact, "they may be teeming with colonial microorganisms that, like the lichens in the Mojave Desert, are 'tanned' and virtually immune to UVC stress," the researchers write.

"This work reveals the extraordinary tenacity of life even under the harshest conditions, a reminder that life, once sparked, strives to endure," said Tejinder Singh, who led the study with Sun and is now at NASA Goddard Space Flight Center. "In exploring these limits, we inch closer to understanding where life might be possible beyond this planet we call home."

Study authors include: Tejinder Singh (DRI), Christos Georgiou (U. of Patras), Christopher Jeffrey (UNR), Matthew J. Tucker (UNR), Casey S. Philbin (UNR), Tanzil Mahmud (UNR), Christopher P. McKay (NASA Ames), and Henry J. Sun (DRI)
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Wildfires threaten water quality for up to eight years after they burn | ScienceDaily
Years after wildfires burn forests and watersheds, the contaminants left behind continue to poison rivers and streams across the Western U.S. -- much longer than scientists estimated.


						
A new study, published on June 23 in Nature Communications Earth & Environment, analyzed water quality in more than 500 watersheds across the Western U.S., and is the first large-scale assessment of post-wildfire quality.

The research was led by scientists from the Cooperative Institute for Research in Environmental Science (CIRES) at the University of Colorado Boulder.

"We were attempting to look at notable trends in post-wildfire water quality across the entire U.S. West, to help inform water management strategies in preparing for wildfire effects," said Carli Brucker, lead author and former CU Boulder and Western Water Assessment PhD student.

The results showed contaminants like organic carbon, phosphorus, nitrogen, and sediment can degrade water quality for up to eight years after a fire. Water managers can use this data to help them plan for the future and respond appropriately when wildfires strike.

CIRES Fellow and Western Water Assessment Director Ben Livneh was the principal investigator and co-author of the study. Much of his research focuses on hydrology, or water supply, on a continental scale. When he realized he could use the same approach to understand large-scale trends in water quality, he was excited to test the method.

"There's been a lot of work, for example, in the National Climate Assessment and the International Panel on Climate Change talking about changes in global water supply," said Livneh, associate professor in the Department of Civil, Environmental and Architectural Engineering. "But those assessments point to this gap in water quality assessments in a continental scale context, whereas people like me in physical hydrology have been thinking about the continental scale challenges for a while."

Researchers have long known that fire ash and soil destruction contribute to degraded water quality. Yet, past research has largely been limited to state and municipal studies -- cities and towns test water quality in local streams and rivers following large fires.




For the new study, the team analyzed more than 100,000 water samples from 500 sites: half from burned river basins and half from unburned. They measured levels of organic carbon, nitrogen, phosphorus, and sediment as well as turbidity, or cloudiness, of each sample.

To understand wildfire-driven impacts, the team built data-driven models to measure how much contaminants changed in each basin before and after wildfires. In the final step, they compiled data to find the average across the burned basins for each pre- and post-wildfire year, and then compared those to the unburned basins.

The results showed watersheds take longer to recover after wildfires than previous studies found. Organic carbon, phosphorus, and turbidity are significantly elevated in the first one to five years post-fire. Nitrogen and sediment show significant increases up to eight years post-fire. Fire-driven impacts were worse in more forested areas.

"It can take two years, up to eight years, for the effect to be fully felt," Livneh said. "Sometimes it can be a delayed effect, meaning, it's not all happening right away, or sometimes you need a big enough storm that will mobilize enough of the leftover contaminants."

Each watershed in the study felt the impacts differently. This is likely tied to where the fire struck -- a fire closer to the river would be worse than an upstream fire. Different soils, vegetation, and weather also change the impact in each watershed, making it difficult to plan for the future.

"There's a huge amount of variability in sedimentation rates," said Brucker, who now works as a consultant. "Some streams are completely clear of sediment after wildfires, and some have 2000 times the amount of sediment."

Despite variability across river basins, the study provides concrete numbers that give insight to water managers across the Western U.S. Researchers hope the results provide better direction on informing future planning efforts for increasing wildfire resilience.

"I'm hoping that providing concrete numbers is very impactful to water managers," Brucker said. "You can't fund resilience improvements on general concerns alone. Water managers need real numbers for planning, and that's what we're providing," Brucker said.
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How brain cells meant to help may be making depression worse | ScienceDaily
Major depressive disorder (MDD) is a mental health condition that negatively affects the mood of a person and causes a loss of interest in activities that were previously associated with happiness. In addition to cognitive impairments and forgetfulness, MDD can significantly affect social and occupational areas of functioning. Studies investigating the pathophysiology of MDD indicate that several immune factors and cells -- such as brain glial cells -- play a key role in driving neuroinflammation, ultimately contributing to the development of MDD.


						
Microglial cells, the resident immune cells of the central nervous system (CNS), regulate inflammatory responses by releasing pro-inflammatory cytokines -- chemical signaling molecules. While the neuroinflammatory functions of microglial cells are well-documented, the exact role of astrocytes (a specialized type of glial cell) in neural growth and development has remained unclear until recently. To shine light on the role of astrocytes in neuroinflammation and in the pathophysiology of MDD, a team of researchers, led by Dr. Gaurav Singhal from the Department of Surgery, University of Wisconsin, USA, conducted an in-depth review of literature. Their findings will be published in Neuroprotection.

Explaining the motivation behind the present study, Dr. Singhal says, "MDD is one of the leading causes of disability worldwide and affects more than 280 million people across all age groups and regions. Moreover, the economic burden of MDD is substantial, with annual costs in the United States alone exceeding $326 billion. Gaining insights into the role of astrocytes in neuroinflammation can aid the development of therapeutic approaches to treat depression and other psychiatric disorders."

The research team began by conducting a comprehensive literature search using widely used online repositories such as PubMed and Google Scholar. They evaluated 226 research papers relevant to astrocytes, neuroinflammation, and depression. To ensure the high quality of their study, they followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

In their analysis, the researchers found that astrocytes were key to maintaining the structural integrity of synaptic junctions between neurons. The release of neurotrophic factors such as brain-derived neurotrophic factor and fibroblast growth factor-2 by astrocytes were critical for the promotion of neurite growth and synapse formation. Besides stabilizing the tripartite synapse comprising of neuron-astrocyte-neuron, astrocytes further facilitated the effective communication between neurons via regulation of the ionic environment. Notably, changes in astrocyte morphology and function were associated with poor synaptic connectivity, contributing to the development of depressive symptoms.

Furthermore, they discovered a critical mechanism involving activated microglia and astrocytes that resulted in sustained neuroinflammation in MDD. The first step of the mechanism was the release of pro-inflammatory cytokines like tumor necrosis factor-a and interleukin-1 from activated microglia cells. These signals subsequently induced the secretion of additional inflammatory chemicals from astrocytes, thereby amplifying neuroinflammation.

Elaborating on the molecular crosstalk between microglia and astrocytes during MDD, Dr. Singhal explains, "Increased intracellular calcium levels within astrocytes can induce the release of adenosine triphosphate (ATP), which, in turn, triggers a delayed calcium response in microglial cells. Following multiple cycles of astrocyte-released ATP-based activation,  microglial cells eventually undergo apoptosis or programed cell death."

Additionally, preclinical studies involving murine models showed that astrocytic lactate dehydrogenase A enzyme, responsible for lactate production, is important for maintaining neuronal excitability. A process known as histone lactylation -- where lactate molecules are added to histone proteins in DNA -- was found to alter gene expression, thereby contributing to astrocyte-driven neuroinflammation.

Taken together, this study highlights the molecular mechanisms underlying astrocytic dysfunction, wherein astrocytes switch from a neuroprotective role to one that promotes neuroinflammation by increasing the expression and secretion of inflammatory cytokines.
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Brain reboot: Gene therapy reverses Alzheimer's memory loss in mice | ScienceDaily
Researchers at University of California San Diego School of Medicine have developed a gene therapy for Alzheimer's disease that could help protect the brain from damage and preserve cognitive function. Unlike existing treatments for Alzheimer's that target unhealthy protein deposits in the brain, the new approach could help address the root cause of Alzheimer's disease by influencing the behavior of brain cells themselves.


						
Alzheimer's disease affects millions of people around the world and occurs when abnormal proteins build up in the brain, leading to the death of brain cells and declines in cognitive function and memory. While current treatments can manage symptoms of Alzheimer's, the new gene therapy aims to halt or even reverse disease progression.

Studying mice, the researchers found that delivering the treatment at the symptomatic stage of the disease preserved hippocampal-dependent memory, a critical aspect of cognitive function that is often impaired in Alzheimer's patients. Compared to healthy mice of the same age, the treated mice also had a similar pattern of gene expression, suggesting that the treatment has the potential to alter the behavior of diseased cells to restore them to a healthier state.

While further studies will be required to translate these findings into human clinical trials, the gene therapy offers a unique and promising approach to mitigating cognitive decline and promoting brain health.

The study, published in Signal Transduction and Targeted Therapy, was led by senior author Brian Head, Ph.D., professor of anesthesiology at UC San Diego School of Medicine and Veterans Affairs research career scientist, and co-senior author Shanshan Wang, M.D. Ph.D., an assistant professor of anesthesiology at UC San Diego School of Medicine. The gene therapy technology was licensed by UC San Diego to Eikonoklastes Therapeutics in 2021. Eikonoklastes was granted Orphan Drug Designation (ODD) by the FDA for the use of the patented gene therapy in amyotrophic lateral sclerosis (ALS) also known as Lou Gehrig's disease.
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Ancient carbon 'burps' caused ocean oxygen crashes - and we're repeating the mistake | ScienceDaily
New research from the University of California, Davis, the Chinese Academy of Sciences and Texas A&M University reveals that massive emissions, or burps, of carbon dioxide from natural earth systems led to significant decreases in ocean oxygen concentrations some 300 million years ago.


						
Combining geochemical analyses of sediment cores and advanced climate modeling, the study, published June 23 in Proceedings of the National Academy of Sciences, highlights five periods when significant decreases in ocean oxygen levels (by 4% to 12%) coincided with significant increases in levels of carbon dioxide in the atmosphere. Such oxygen-less, or anoxic, events are known for their detrimental effects on marine life and biodiversity.

Despite their roots in the deep past, the findings are relevant to the current global climate and its future. If events of a similar scale were to happen today, they would likely affect coastal areas that are important for fisheries and marine biodiversity.

"This is our only analog for big changes in carbon dioxide at levels comparable to what we're living in today, where we see doublings and triplings of the levels," said senior author Isabel P. Montanez, a Distinguished Professor in the Department of Earth and Planetary Sciences at UC Davis.

What's different, though, is the source of the carbon dioxide. While carbon dioxide levels of long-past climates were influenced by natural systems like volcanic eruptions, human-produced and human-related carbon dioxide emissions strongly influence today's levels.

"We're creating a burp now and at a rate two, maybe three, orders of magnitude faster than in the past," Montanez said.

Sediment cores and deep climate modeling

In the study, the team used sediment cores sourced from a geological formation in South China called the Naqing succession. By analyzing the geochemical makeup of these deep-water cores, specifically carbonate uranium isotopes, the team chronicled Earth's environmental conditions from 310 to 290 million years ago.




"Through that analysis, we see these 'burps' not just in carbon dioxide but in the ocean's uranium isotope signature too," Montanez said. "They're totally aligned, and the size of those uranium spikes tell us about the magnitude of the ocean anoxia."

The team then used that information to inform leading-edge climate models, developed by the authors of this study, that are used to better understand ancient climates.

"It's a mathematical framework in which we put in all our proxy information and we run it hundreds of thousands of times on a supercomputer," Montanez said. "It basically best models what is most realistic given all the uncertainties, all the knowns, all the information that it's given."

Based on the modeling, the team found five instances of decreased oxygen in the global ocean by 4% to 12% from 290 to 310 million years ago. Each period lasted for roughly 100,000 to 200,000 years.

While the decrease in ocean oxygen doesn't appear to correlate to any known mass extinctions, it does align with pauses in biodiversity that can be seen in the geological record.

"We do see these pauses in biodiversity each time these burps happen," Montanez said. "It had an impact, most likely coastal regions were impacted the most."

Records of the past, lessons for the future




The Earth of 300 million years ago was vastly different than the Earth of today. For one, oxygen in the atmosphere was 40% to 50% higher than it is today. Despite the differences between past and present, the magnitude of the rises in carbon dioxide levels are similar.

That could be interpreted as a warning, according to Montanez.

"This is a huge discovery because how do you take an ocean sitting under an atmosphere with much more oxygen than today and permit this?" Montanez said. "The message for us is, 'Don't be so sure that we can't do this again with our current human-driven release of carbon dioxide.'"

Additional authors are: Jitao Chen, Chinese Academy of Sciences; Shihan Li and Shuang Zhang, Texas A&M University; Terry Isson, University of Waikato, New Zealand; Tais Dahl, University of Copenhagen, Denmark; Noah Planavsky, Yale University; Feifei Zhang, Xiang-dong Wang and Shu-Zhong Shen, Nanjing University, China.

The research was supported in part by grants from the National Natural Science Foundation of China and the U.S. National Science Foundation.
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COVID-19 protein triggers immune attacks on healthy cells - but a common drug can stop it | ScienceDaily
A new study reveals that the SARS-CoV-2 nucleocapsid protein can spread from infected to uninfected cells, triggering an immune response that mistakenly targets healthy cells. The research identifies how this viral protein binds to cell surfaces and shows that enoxaparin, a common anticoagulant, can block this harmful interaction, pointing to a potential avenue for treatment. These findings shed light on the mechanisms behind severe COVID-19 complications and immune-driven tissue damage.


						
A new study involving collaborative efforts of the laboratories of Dr. Alexander Rouvinski, Prof. Ora Schueler-Furman and Prof. Reuven Wiener, led by PhD students Jamal Fahoum and Maria Billan from the Faculty of Medicine at the Hebrew University of Jerusalem, uncovers a surprising mechanism by which the SARS-CoV-2 virus, responsible for COVID-19, might cause immune-mediated tissue damage by targeting cells it has never infected. A fruitful collaboration with clinicians: Dr. Dan Padawer, Prof Dana Wolf and Dr. Orly Zelig and their team members from several departments at Hebrew University -- Hadassah Medical Center provided the complementary clinical data necessary for this work. SARS-CoV-2 infection experiments essential for this research were performed in the recently established high biocontainment national laboratory, Barry Skolnick Biosafety Level 3 (BSL3) National Unit at the Core Research Facility at the Faculty of Medicine of the Hebrew University of Jerusalem.

Published in Cell Reports, the study demonstrates that the virus's nucleocapsid protein (NP), best known for its role in packaging viral RNA inside infected cells, is transferred to neighboring uninfected epithelial cells and attach to their surfaces. Once present on these otherwise healthy cells, NP is recognized by the immune system and is targeted by anti-NP antibodies, which mistakenly label the cells for destruction. This process activates the classical complement pathway, leading to inflammation and cellular damage that might contribute to severe COVID-19 outcomes and complications such as long COVID.

This research uncovers a surprising way in which the SARS-CoV-2 virus can misdirect the immune system, causing the attack of healthy cells, simply because they have been marked by a viral protein. Understanding this mechanism opens the door to new strategies for preventing immune-driven damage in COVID-19 and possibly other viral infections, which are a subject of the ongoing studies in the laboratories leading this research.

The researchers used laboratory grown cells, sophisticated imaging techniques, and samples from COVID-19 patients to understand how a specific viral protein, called the nucleocapsid protein attaches to healthy cells. They discovered that this protein sticks to certain sugar-like molecules found on the surface of many cells, called Heparan Sulfate proteoglycans. When this happens, clumps of the viral protein form on these healthy cells. The immune system then mistakenly attacks these clumps using antibodies, which sets off a chain reaction that might damage the cells, both infected and healthy cells in the infected organism.

The researchers also found that the drug enoxaparin, a commonly used blood thinner, can block the viral protein from sticking to healthy cells. It does this by taking over the spots the protein would normally bind to, being a heparin analog. In both lab experiments and when samples obtained from patients were tested in the lab, enoxaparin stopped the protein from attaching to cells and helped prevent the immune system from mistakenly attacking them.

The authors dedicate the article to the memory of the late Prof. Herve (Hillel) Bercovier, a gifted microbiologist, an inspiring scientist, and a great mentor. This research was supported by several research funds, including major contributions from The Edmond and Benjamin de Rothschild Foundation and The Israel Science Foundation of the Israel Academy of Science and Humanities.
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Killer whales use seaweed tools in never-before-seen grooming behavior | ScienceDaily
Primates, birds, and elephants are all known to make tools, but examples of tool use among marine animals are much more limited. Reporting in the Cell Press journal Current Biology on June 23, a team of whale experts has found widespread tool manufacture and usage in an endangered population of resident killer whales living in the Salish Sea -- part of the Pacific Ocean between British Columbia and Washington. The whales fashion tools from kelp and use them for grooming purposes.


						
"We found that southern resident killer whales regularly use lengths of bull kelp during social interactions, apparently as a tool to groom one another," says Michael Weiss (@CetaceanMike) of the Center for Whale Research in Friday Harbor, WA. "To find that the whales were not just using but also manufacturing tools, and that these objects were being used in a way never before reported in marine mammals, was incredibly exciting."

Weiss and his team discovered this unexpected whale activity while conducting aerial observations of southern resident killer whales, which are a critically endangered whale population with fewer than 80 individuals left found in the Pacific Northwest. The team has been monitoring the whales since 2018 to learn more about their foraging and social behavior.

"While there are other killer whales around the world, the southern residents represent a genetically, ecologically, and culturally distinct population," says Weiss.

Through the high-resolution footage collected by their aircraft, the researchers found that the whales created tools by breaking off the ends of bull kelp stalks. They then pressed pieces of kelp against a partner and rolled the kelp between their bodies for long periods of time.

The researchers observed this behavior in whales across all social groups, both sexes, and all age classes. They found that whales were more likely to groom closely related whales or similarly aged partners. They also saw some evidence that whales with more molting or dead skin were more likely to engage in grooming, suggesting it may have a hygienic function.

"What I find most remarkable is that despite this apparently being a common behavior -- we see it most days we fly our drone over these whales -- it hadn't yet been discovered in this population despite nearly 50 years of dedicated observation," says Weiss. "To me, this demonstrates not just the power of new observation methods but also how much we still have to learn about these animals."

It remains unclear whether this grooming behavior is entirely unique to this population or more widespread among other whale populations and species. Regardless, the discovery opens new avenues for understanding tool use in marine mammals and demonstrates that tools can be used in a wide array of contexts, say the researchers.

"This finding highlights yet another way these whales' society and culture is unique and the importance of recovering the southern resident killer whale population," says Weiss.

This research was supported by the UK Natural Environment Research Council, the Orca Fund, the Wild Fish Conservancy, the Rose Foundation for Communities and the Environment, National Oceanic and Atmospheric Administration, Northwest Fisheries Science Center, and the Earthwatch Institute.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250624044322.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



These frozen wolf cubs ate a woolly rhino-and changed what we know about dogs | ScienceDaily
New analysis of the remains of two 'puppies' dating back more than 14,000 years ago has shown that they are most likely wolves, and not related to domestic dogs, as previously suggested.


						
The genetic analysis also proved that the cubs were sisters at the age of around two months, and like modern day wolves had a mixed diet of meat and plants. Researchers, however, were surprised to see evidence of a wooly rhinoceros as part of their last meals, as this would have been a considerably large animal for a wolf to hunt.

The 'Tumat Puppies' are two remarkably well-preserved puppy remains found in northern Siberia, about 40 km from Tumat, the nearest village. One was found in 2011 and the other in 2015 at what's now called the Syalakh site.

The puppies were discovered in layers of soil, preserved in ice, alongside the bones of woolly mammoths, some of which showed signs of having been burned and processed by humans. This led scientists to wonder if the site was once used by humans to butcher mammoths, and whether the puppies might have had a connection to people, possibly as early dogs or tamed wolves that hung around humans for food.

There are no visible injuries or signs of attack to the cubs, and so they were likely to have been inside an underground den, resting after their meal, until a potential landslide collapsed their home, trapping the cubs inside.

A new study, led by the University of York, however, has shown that, based on genetic data from the animals' gut contents and other chemical 'fingerprints' found in their bones, teeth and tissue, that the way they were living, what they were eating, and the environment they existed in, points to the puppies being wolf cubs and not early domesticated dogs.

Both were already eating solid food, including woolly rhinoceros meat and, in one case, a small bird called a wagtail. However, their bodies still showed signs of having nursed, meaning they were likely still getting milk from their mother too.




Despite being found near human-modified mammoth bones, there was no evidence of the cubs consuming mammoth, but the piece of wooly rhinoceros skin found in the stomach of one of the cubs had not been fully digested, suggesting they died not long after their last meal.

It is thought that the wooly rhinoceros may have been a young calf, rather than a fully grown adult, and likely hunted by the adult pack and fed to the cubs, but even if this was the case, a young woolly rhinoceros would have been considerably bigger than prey modern-day wolves typically hunt.

This has led researchers to think that these Pleistocene wolves may have been somewhat bigger than the wolves of today. Previous DNA testing suggests that the cubs most likely belonged to a wolf population that eventually died out and didn't lead to today's domestic dogs.

Anne Kathrine Runge, from the University of York's Department of Archaeology, who analysed the cubs as part of her PhD, said: "It was incredible to find two sisters from this era so well preserved, but even more incredible that we can now tell so much of their story, down to the last meal that they ate."

The original hypothesis that the Tumat Puppies were dogs is also based on their black fur colour, which was believed to have been a mutation only present in dogs, but the Tumat Puppies challenge that hypothesis as they are not related to modern dogs.

Anne Kathrine added: "Whilst many will be disappointed that these animals are almost certainly wolves and not early domesticated dogs, they have helped us get closer to understanding the environment at the time, how these animals lived, and how remarkably similar wolves from more than 14,000 years ago are to modern day wolves.




"It also means that the mystery of how dogs evolved into the domestic pet we know today deepens, as one of our clues -- the black fur colour -- may have been a red herring given its presence in wolf cubs from a population that is not related to domestic dogs."

Tiny fossilised plant remains were discovered in the cubs' stomachs, indicating that they lived in a diverse environment with a variety of plants and animals to consume, including prairie grasses, leaves from the shrub genus Dryas and willow twigs. This suggests the landscape they inhabited included different types of habitats that could support rich and varied ecosystems.

Dr Nathan Wales, from the University of York's Department of Archaeology, said: "We know grey wolves have been around as a species for hundreds of thousands of years based on skeletal remains from palaeontological sites, and researchers have done DNA testing of some of those remains to understand how the population changed over time. The soft tissues preserved in the Tumat Puppies, however, gives us access to other ways of investigating wolves and their evolutionary line.

"We can see that their diets were varied, consisting of both animal meat and plant life, much like that of modern wolves, and we have an insight into their breeding behaviours too. The pair were sisters and likely being reared in a den and cared for by their pack -- all common characteristics of breeding and raising of offspring in wolves today.

"Today, litters are often larger than two, and it is possible that the Tumat Puppies had siblings that escaped their fate. There may also be more cubs hidden in the permafrost or lost to erosion.

"The hunting of an animal as large as a wooly rhinoceros, even a baby one, suggests that these wolves are perhaps bigger than the wolves we see today, but still consistent in many ways, because wolves still tend to hunt easy prey while some of the pack is engaged in cub rearing."

The research findings, however, means that the hunt for the oldest dog -- and their place of origin -- is still on.

The research, in collaboration with researchers based in Belgium, Canada, Denmark, Germany, Russia and Sweden is published in the journal Quaternary Research.
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Mining the deep could mute the songs of sperm whales | ScienceDaily
Deep-sea mining in a remote part of the Pacific Ocean could harm ocean life including whales and dolphins, new research shows.


						
The Clarion Clipperton Zone (CCZ) of the Eastern Pacific is a vast area of deep ocean and seamounts.

A Canadian firm - The Metals Company - is planning to explore parts of the CCZ for polymetallic nodules.

In two new studies, researchers found whales and dolphins - including an endangered sperm whale - in the CCZ, and raise concerns about impacts on a wide range of marine species.

"We know remarkably little about these ecosystems, which are hundreds of miles offshore and include very deep waters," said Dr Kirsten Young, from the University of Exeter.

"We do know many species here are long-lived and slow-growing, especially on the seabed.

"It's very hard to predict how seabed mining might affect these species and wider ecosystems, and these risks must urgently be assessed."

Dr Young said noise from mining would travel great distances underwater - possibly hundreds of kilometres through a SOFAR channel.




One of the research papers reviews noise sensitivity among species known to live in the CCZ, and finds that only 35% of taxonomic classes there have been studied for noise impacts.

Soniferous fish, which rely on acoustic communication, are particularly vulnerable to noise.

Chronic exposure to mining noise might have cascading ecological consequences, disrupting key behaviours, the researchers say.

The second study is a survey of whales and dolphins, conducted from the Greenpeace vessel Arctic Sunrise.

Over 13 days of visual and acoustic monitoring, there were 74 acoustic detections and six sightings.

These included a sperm whale, Risso's dolphins, common dolphins and 70 dolphin groups that could not be identified to species level.




Dr Young said: "If deep seabed mining becomes a reality, whales and dolphins will be exposed to multiple sources of noise throughout the water column.

"Many species are highly sensitive to certain frequencies - chronic ocean noise can mask social and foraging communications and whales could be displaced from critical habitats.

"The behavior and impact of sediment plumes created by mining is also poorly understood but could affect food webs."

Louisa Casson of Greenpeace International said: "The confirmed presence of cetaceans, including threatened sperm whales, in areas that The Metals Company is targeting for deep sea mining is yet another clear warning that this dangerous industry must never be allowed to begin commercial operations."

The review paper, published in the journal Marine Pollution Bulletin, is entitled: "Noise from deep-sea mining in the Clarion-Clipperton Zone, Pacific Ocean will impact a broad range of marine taxa."

The whale and dolphin paper, published in Frontiers in Marine Science, is entitled: "Threatened cetaceans in a potential deep seabed mining region, Clarion Clipperton Zone, Eastern Pacific."
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USC's new AI implant promises drug-free relief for chronic pain | ScienceDaily
Chronic pain is a debilitating condition that severely impacts quality of life, often leading to reliance on opioid medications with their severe side effects and addiction risks. According to the U.S. Pain Foundation, 51.6 million Americans live with chronic pain. For over 17 million sufferers, their chronic pain is high-impact - frequently limiting their life or work activities.


						
Current implantable electrical stimulators offer an alternative by stimulating the spinal cord to block pain signals from reaching the brain. But these devices come with drawbacks like high cost, invasive surgery, and the need for frequent battery replacements. Now, researchers from the Zhou Lab in USC Viterbi's Alfred E. Mann Department of Biomedical Engineering, in collaboration with the Jun Chen Group at UCLA, have developed a revolutionary solution: a flexible ultrasound-induced wireless implantable (UIWI) stimulator secured to the spine and designed for personalized, self-adaptive chronic pain management.

This groundbreaking device, detailed in Nature Electronics, represents a significant leap forward in pain therapy. While current spinal cord stimulators can be unwieldy and are hard-wired to batteries, the new device is designed to bend and twist with movement and is powered by a wearable ultrasound transmitter without the need for a battery. It also harnesses machine learning algorithms to customize treatment for each patient. The work was led by Zohrab A. Kaprielian Fellow in Engineering Qifa Zhou, who is also a professor of ophthalmology at the Keck School of Medicine of USC.

Pain Relief on Demand: How the Implantable Stimulator Works

At the heart of this innovation is its wireless power supply, eliminating the need for bulky batteries and complex wired interfaces that often require repeated surgeries. The UIWI stimulator receives its energy from an external, wearable ultrasound transmitter (WUT). Ultrasound offers a safe, effective non-invasive method for deep-tissue penetration. The device converts mechanical waves into electrical signals through a phenomenon called the piezoelectric effect. The core of the UIWI stimulator is a miniaturized piezoelectric element made from lead zirconate titanate (PZT), a highly efficient material for converting incoming ultrasound energy into the electrical power needed for stimulation.

"What truly sets this device apart is its wireless, smart and self-adaptive capability for pain management," Zhou said. "We believe it offers great potential to replace pharmacological schemes and conventional electrical stimulation approaches, aligning with clinical needs for pain mitigation."

Ph.D. candidate in the Zhou Lab and lead author Yushun (Sean) Zeng said the wireless smart miniaturized stimulator had the ability to produce sufficient electrical stimulation intensity by using ultrasound energy, resulting in a more personalized, targeted and localized treatment.




"This energy-converting type is critical for deep stimulation, as ultrasound is a non-invasive and highly penetrating energy in clinical and medical areas," Zeng said. "By leveraging wireless ultrasonic energy transfer and closed-loop feedback system, this UIWI stimulator removes the necessity for bulky implanted batteries and allows for real-time, precisely adjustable pain modulation."

"From a clinical standpoint, incorporating deep learning-based pain assessment enables dynamic interpretation and response to fluctuating pain states, which is essential for accommodating patient-specific variability." added Zhou Lab Ph.D. candidate Chen Gong, also a lead author on the paper.

The device works by:

Detecting pain: The system continuously monitors brain recordings, specifically electroencephalogram (EEG) signals, which reflect a patient's pain levels. Harnessing AI to assess pain levels: A sophisticated machine learning model, based on a neural network called ResNet-18, analyzes these brain signals and classifies pain into three distinct levels: slight pain, moderate pain, and extreme pain. This AI model boasts a 94.8% overall accuracy in distinguishing between these pain states. Adapting treatment as needed: Once a pain level is identified, the wearable ultrasound transmitter automatically adjusts the acoustic energy it transmits. The UIWI stimulator can then sense the propagated energy and convert it into electrical intensity, stimulating the spinal cord. This creates a closed-loop system that provides real-time, personalized pain management. The UIWI stimulator itself is flexible, bendable, and twistable, allowing for optimal placement on the spinal cord. The electrical stimulation it provides to the spinal cord works by rebalancing the signals that transmit and inhibit pain, effectively suppressing the sensation of pain.

Demonstrated Success in the Lab The Zhou Lab team tested the UIWI stimulator in rodent models, with results demonstrating its effectiveness for pain management.

Researchers successfully relieved chronic neuropathic pain caused by both mechanical stimuli (like a pin prick) and acute thermal stimuli (infrared heat).




Lab tests showed that treatment from the UIWI stimulator led to significant reductions in pain indicators. In one experiment to evaluate whether an animal associates an environment with pain relief, rodents showed a clear preference for the chamber where the pain management system was activated, further confirming the device's effectiveness.

The Future of Personalized Pain Relief

The successful development and testing of the UIWI stimulator mark a pivotal moment in the quest for advanced pain management. The flexible design of the implant and its integration with sophisticated AI algorithms offer a dynamic and personalized treatment approach that can adapt to the fluctuating and highly individual nature of chronic pain.

Looking ahead, Zhou and his collaborators are hoping for even more advanced applications of the device. Zhou said that future designs could miniaturize the components further, enabling less invasive device implantation -- for instance, with a syringe. The wearable ultrasound transmitter could also evolve into an untethered, miniaturized device or even a wearable ultrasound array patch, potentially combining imaging capabilities with energy delivery for real-time monitoring and targeted stimulation. Future iterations could also be controlled by smartphone software, offering even more robust personalized pain management.

Zhou said the aim of the device was to transform chronic pain management, moving beyond the limitations of current solutions to offer a truly personalized, intelligent, and effective pathway to pain relief.

"Our findings highlight the potential of ultrasonic implantable electronics in clinical and translational chronic pain management," Zeng said.
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No kings buried here: DNA unravels the myth of incestuous elites in ancient Ireland | ScienceDaily
New research has cast doubts over suggestions an incestuous social elite ruled over the ancient people of Ireland more than 5,000 years ago.


						
Researchers examined the evidence from burials of individuals at the Newgrange prehistoric monument in Ireland -- a large circular mound containing a chamber where cremated and unburnt human remains were placed, the discovery of which led to speculation that those buried there must have been from an elite class or a royal family.

In 2020, the DNA analysis of a bone skull fragment found in the chamber, however, suggested that at least one of the individuals buried there was the result of a relationship between two siblings or a parent and child, and was also distantly related to others buried in the chamber.

It is believed that only particular individuals were buried in the chamber and therefore they must have held a 'special' position in society. The assumption was that if an individual born of incest was placed in the chamber, that this practice must have been 'accepted' by society, possibly because it was 'common' among a ruling elite.

A research team, including the University of York and University College Dublin, however, have now shown that there is no corroborating evidence in nearby settlements, dietary practices, or trade, that an elite existed either economically or socially.

Researchers now believe the society at the time was more equal, based on the fact that they appeared to share and exchange resources, as well as live in similar dwellings.

Professor Penny Bickle from the University of York's Department of Archaeology, said: "The evidence all points to a much more collective ethos. There are not wide disparities in diet, houses are relatively flimsy, and all similar to each other.




"There are no large settlement systems or trade mechanisms, and we also don't see production of craft on the scale that we see in other ancient societies such as in Ancient Egypt, where incest was thought to be practiced by the ruling elite.

"We can only begin to understand these monuments and tombs if we examine the social lives or the communities that built and use them, and when we start to do this, this idea of a 'social elite' or a form of royalty starts to appear less likely."

Older than Stonehenge and the Pyramids of Giza, Newgrange is believed to have been built by a farming community that prospered in the Boyne Valley, County Meath, some 5,000 years ago. Newgrange was rediscovered in AD 1699 and its interior had been heavily disturbed prior to its modern excavation in the 1960s, and so researchers question whether this was even the original burial place of the skull fragment, referred to as NG10, dated to 3340 -- 3020 BC.

The genetic clustering in passage tombs, such as at Newgrange, typically reflects very distant biological relationships -- like second cousins or great-great-great-grandparents -- rather than close familial ties. To establish if the tombs were reserved for an elite, researchers say they would expect much closer genetic ties than they have seen at Newgrange.

It is more likely that these tombs were places that reflect family, work, and other social relationships, rather than the mark of an elite family group.

Associate Professor Jessica Smyth, from University College Dublin, said: "People were definitely being selected for burial in passage tombs -- the whole community does not end up in these monuments. However, we don't know the reasons behind this selection, and why they were thought to be special.




"Unlike today, bodies don't tend to be buried 'whole' or 'intact' in this time period. Before they end up in megalithic monuments, bodies are broken down, sometimes cremated and even circulated around their communities."

As so many of the dead found in these passage tombs were broken down and mixed with cremated remains, and possibly moved around to different places in the landscape, it is not clear the people who placed NG10 fragment in Newgrange knew who they were in life or who the parents of this individual were, casting further doubt on how 'special' the individual might have been.

Professor Penny Bickle said: "It is by no means clear that the monument was the first burial site of NG10 and the tomb grew in stages, so tracing who this individual was is a very difficult task indeed. As it stands the incestuous origins of NG10 is a one-off compared to all of the DNA data we have for Neolithic Ireland.

"There are still many questions to solve here, but building this picture means looking at the monument together with the society that was built up around it, and from this, we get a step closer to understanding a community that was much more inclusive and equal than previously thought."

The research is published in the journal Antiquity.
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Your CT scan could reveal a hidden heart risk-and AI just learned how to find it | ScienceDaily
Mass General Brigham researchers have developed a new AI tool in collaboration with the United States Department of Veterans Affairs (VA) to probe through previously collected CT scans and identify individuals with high coronary artery calcium (CAC) levels that place them at a greater risk for cardiovascular events. Their research, published in NEJM AI, showed the tool called AI-CAC had high accuracy and predictive value for future heart attacks and 10-year mortality. Their findings suggest that implementing such a tool widely may help clinicians assess their patients' cardiovascular risk.


						
"Millions of chest CT scans are taken each year, often in healthy people, for example to screen for lung cancer. Our study shows that important information about cardiovascular risk is going unnoticed in these scans," said senior author Hugo Aerts, PhD, director of the Artificial Intelligence in Medicine (AIM) Program at Mass General Brigham. "Our study shows that AI has the potential to change how clinicians practice medicine and enable physicians to engage with patients earlier, before their heart disease advances to a cardiac event."

Chest CT scans can detect calcium deposits in the heart and arteries that increase the risk of a heart attack. The gold standard for quantifying CAC uses "gated" CT scans, that synchronize to the heartbeat to reduce motion during the scan. But most chest CT scans obtained for routine clinical purposes are "nongated."

The researchers recognized that CAC could still be detected on these nongated scans, which led them to develop AI-CAC, a deep learning algorithm to probe through the nongated scans and quantify CAC to help predict the risk of cardiovascular events. They trained the model on chest CT scans collected as part of the usual care of veterans across 98 VA medical centers and then tested AI-CAC's performance on 8,052 CT scans to simulate CAC screening in routine imaging tests.

The researchers found the AI-CAC model was 89.4% accurate at determining whether a scan contained CAC or not. For those with CAC present, the model was 87.3% accurate at determining whether the score was higher or lower than 100, indicating a moderate cardiovascular risk. AI-CAC was also predictive of 10-year all-cause mortality -- those with a CAC score of over 400 had a 3.49 times higher risk of death over a 10-year period than patients with a score of zero. Of the patients the model identified as having very high CAC scores (greater than 400), four cardiologists verified that almost all of them (99.2%) would benefit from lipid lowering therapy.

"At present, VA imaging systems contain millions of nongated chest CT scans that may have been taken for another purpose, around 50,000 gated studies. This presents an opportunity for AI-CAC to leverage routinely collected nongated scans for purposes of cardiovascular risk evaluation and to enhance care," said first author Raffi Hagopian, MD, a cardiologist and researcher in the Applied Innovations and Medical Informatics group at the VA Long Beach Healthcare System. "Using AI for tasks like CAC detection can help shift medicine from a reactive approach to the proactive prevention of disease, reducing long-term morbidity, mortality and healthcare costs."

Limitations to the study include the fact that the algorithm was developed on an exclusively veteran population. The team hopes to conduct future studies in the general population and test whether the tool can assess the impact of lipid-lowering medications on CAC scores.

Authorship: In addition to Aerts, Mass General Brigham authors include Simon Bernatz, and Leonard Nurnberg. Additional authors include Raffi Hagopian, Timothy Strebel, Gregory A. Myers, Erik Offerman, Eric Zuniga, Cy Y. Kim, Angie T. Ng, James A. Iwaz, Sunny P. Singh, Evan P. Carey, Michael J. Kim, R. Spencer Schaefer, Jeannie Yu, and Amilcare Gentili.

Funding: This work was funded by the Veterans Affairs health care system.
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123,000-year-old coral fossils warn of sudden, catastrophic sea-level rise | ScienceDaily
Coastal planners take heed: Newly uncovered evidence from fossil corals found on an island chain in the Indian Ocean suggests that sea levels could rise even more steeply in our warming world than previously thought.


						
"This is not good news for us as we head into the future," says Andrea Dutton, a professor of geoscience at the University of Wisconsin-Madison. Dutton and her PhD student Karen Vyverberg at the University of Florida led an international collaboration that included researchers from University of Sydney, University of Minnesota Twin Cities, Victoria University of Wellington and University of Massachusetts Amherst who analyzed fossilized corals discovered in the Seychelles islands.

These particular fossils provided an exceptional opportunity for the researchers to reconstruct past sea levels. That's in part because they're remnants of coral species that only live in shallows very near the sea surface. Their tropical location also means they were far away from any past ice sheets, which have a more pronounced effect on local sea levels.

By determining the ages of two dozen fossil corals from various elevations on the islands and analyzing the sediments around the fossils, the team gathered a wealth of insights. The findings will be published June 13 in the journal Science Advances.

First, the team was able to confirm the timing of peak global sea levels to between 122 and 123,000 years ago. That was during a period known as the Last Interglacial, when global temperatures were actually very similar to what they are now. Such a precise date gives us a better understanding of the relationship between global climate and sea levels.

Perhaps more importantly, though, the researchers discovered that there were three distinct periods of sudden and sharp sea-level rise over the 6,000 years leading up to peak sea levels during the Last Interglacial. These abrupt pulses of sea-level rise were punctuated by periods of falling seas, and Dutton says they point to times when the polar ice sheets in Greenland and Antarctica -- thousands of miles away from the Seychelles islands -- were changing rapidly.

"That says there's potential for this very rapid, dynamic change in both ice sheet volume and sea level change," says Dutton. "This is hugely important for coastal planners, policy makers and those in the business of risk management."

These rises and falls in sea level that the team documented also point to a key difference between the present and the Last Interglacial, which is sometimes used as a model for understanding how the current and future climate could affect ice sheets and sea levels due to the similar temperatures between the two time periods.




"These swings suggest that the polar ice sheets were growing and shrinking out of phase with each other as a result of temperature changes in the two hemispheres that were also not aligned," says Dutton. "So even though sea level rose at least several meters higher than present during this past warm period, if temperature rises simultaneously in both hemispheres as it is today, then we can expect future sea level rise to be even greater than it was back then."

The researchers made one more sobering observation: One of the sharp pulses of sea-level rise they identified occurred at about the same time that the last remnants of a massive ice sheet in North America were likely collapsing, according to evidence collected by other teams working in the Atlantic Ocean.

While there's no large North American ice sheet today, Dutton says this finding has important implications for understanding the dynamics of other present day ice sheets. That's because most scientists have not previously considered a North American ice sheet as a major factor in sea-level dynamics during the Last Interglacial.

"But if ice was still present in North America several thousand years into this past warm period, then some of the rise we've documented would have required more meltwater from another ice sheet, such as Antarctica," says Dutton. "This would suggest that Antarctica was even more sensitive to warming than we previously recognized, because the full extent of sea-level rise flowing from the continent was masked by a remnant ice sheet in North America."

In its totality, Dutton says the new evidence, thanks to fossilized corals from thousands of years ago suggests that sea levels could rise even faster and higher thanks to climate change than current projections indicate.

"We could be looking at upward of 10 meters of global average sea-level rise in the future just based on the amount of warming that has already occurred," she says.




The good news, as Dutton sees it, is that society has the means to blunt the impact of climate change on sea levels.

"The more we do to draw down our greenhouse gas emissions, and the faster we do so, could prevent the worst scenarios from becoming our lived reality," Dutton says.

This research received funding from the National Science Foundation (grant awards 1155495, 1159040, 1934477, 2035080 and 2202913).
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Recycled plastic is a toxic cocktail: Over 80 chemicals found in a single pellet | ScienceDaily
A single pellet of recycled plastic can contain over 80 different chemicals. A new study with researchers from University of Gothenburg and Leipzig shows that recycled polyethylene plastic can leach chemicals into water causing impacts in the hormone systems and lipid metabolism of zebrafish larvae.


						
The plastic pollution crisis has reached global levels, threatening both planetary and human health, and recycling is proposed as one of the solutions to the plastics pollution crisis. However, as plastics contain thousands of chemical additives and other substances that can be toxic, and these are almost never declared, hazardous chemicals can indiscriminately end up in recycled products.

Increasing gene expressions

In a new study, researchers bought plastic pellets recycled from polyethylene plastic from different parts of the world and let the pellets soak in water for 48 hours. After which zebrafish larvae were exposed to the water for five days. The experimental results show increases in gene expression relating to lipid metabolism, adipogenesis, and endocrine regulation in the larvae.

"These short leaching times and exposure times are yet another indicator of the risks that chemicals in plastics pose to living organisms. The impacts that we measured show that these exposures have the potential to change the physiology and health of the fish," says Azora Konig Kardgar, lead author and researcher in ecotoxicology at the University of Gothenburg.

"Never full knowledge" 

Previous research has shown similar effects to humans, including threats to reproductive health and obesity, from exposure to toxic chemicals in plastics. Some chemicals used as additives in plastics and substances that contaminate plastics are known to disturb hormones, with potential impacts on fertility, child development, links to certain cancers, and metabolic disorders including obesity and diabetes.




"This is the main obstacle with the idea of recycling plastic. We never have full knowledge of what chemicals will end up in an item made of recycled plastic. And there is also a significant risk of chemical mixing events occuring, which render the recycled plastic toxic," says Bethanie Carney Almroth, professor at the University of Gothenburg and principal investigator on the project.

Different chemicals

Apart from the study on the impact that recycled plastics have on zebra fish larvae, the researcher also conducted a chemical analysis of the chemicals leaching from the plastic pellets to the water. And they found a lot of different chemical compounds, but the mixture altered between different samples of pellets.

"We identified common plastics chemicals, including UV-stabilizers and plasticizers, as well as chemicals that are not used as plastics additives, including pesticides, pharmaceuticals and biocides. These may have contaminated the plastics during their first use phase, prior to becoming waste and being recycled. This is further evidence of the complicated issue of plastics waste flows, and of toxic chemicals contaminating recycled plastics," says Eric Carmona, researcher at Department of Exposure Science, Helmholtz Centre for Environmental Research in Leipzig.

"Ban hazardous chemicals"

Representatives from the nations of the world are preparing to head to Geneva, Switzerland, in August, for what is planned to be the final negotiating meeting for a Global Plastics Treaty at the Intergovernmental Negotiating Committee under the United Nations Environmental Program. The authors of the work stress that negotiators and decision-makers must include provisions to ban or reduce hazardous chemicals in plastics, and to increase transparency and reporting along plastics value chains. Plastics cannot be recycled in a safe and sustainable manner if hazardous chemicals are not addressed.

"This work clearly demonstrates the need to address toxic chemicals in plastics materials and products, across their life cycle," says Professor Bethanie Carney Almroth. "We cannot safely produce and use recycled plastics if we cannot trace chemicals throughout production, use and waste phases."

Facts: Polyethylene (PE)

Polyethylene, abbreviated PE, is a type of plastic used in a lot of packaging materials like bottle caps, plastic bags, agricultural mulch films, insulation for wiring and cables, pipes, ropes, toys and household items. It is the most widely produced and used polymer. On plastic products made of polyethylene, the number in the recycling code is either 2 or 4.
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This triple-layer sunlight catalyst supercharges green hydrogen by 800% | ScienceDaily
The chemical reaction to produce hydrogen from water is several times more effective when using a combination of new materials in three layers, according to researchers at Linkoping University in Sweden. Hydrogen produced from water is a promising renewable energy source - especially if the hydrogen is produced using sunlight.


						
The production of new petrol and diesel cars will be banned in the EU as of 2035. Electric motors are expected to become increasingly common in vehicles - but they are not suitable for all types of transport.

"Passenger cars can have a battery, but heavy trucks, ships or aircraft cannot use a battery to store the energy. For these means of transport, we need to find clean and renewable energy sources, and hydrogen is a good candidate," says Jianwu Sun, associate professor at Linkoping University, who has led the study published in the Journal of the American Chemical Society.

The LiU researchers are working on developing materials that can be used to produce hydrogen (H2) from water (H2O) by using the energy in sunlight.

The research team has previously shown that a material called cubic silicon carbide (3C-SiC) has beneficial properties for facilitating the reaction where water is split into hydrogen and oxygen. The material can effectively capture the sunlight so that the energy therein can be used for hydrogen production through the photochemical water splitting reaction.

In their current study, the researchers have further developed a new combined material. The new material consists of three layers: a layer of cubic silicon carbide, a layer of cobalt oxide and a catalyst material that helps to split water.

"It's a very complicated structure, so our focus in this study has been to understand the function of each layer and how it helps improve the properties of the material. The new material has eight times better performance than pure cubic silicon carbide for splitting water into hydrogen," says Jianwu Sun.




When sunlight hits the material, electric charges are generated, which are then used to split water. A challenge in the development of materials for this application is to prevent the positive and negative charges from merging again and neutralising each other. In their study, the researchers show that by combining a layer of cubic silicon carbide with the other two layers, the material, known as Ni(OH)2/Co3O4/3C-SiC, becomes more able to separate the charges, thereby making the splitting of water more effective.

Today, there is a distinction between "grey" and "green" hydrogen. Almost all hydrogen present on the market is "grey" hydrogen produced from a fossil fuel called natural gas or fossil gas. The production of one tonne of "grey" hydrogen gas causes emission of up to ten tonnes of carbon dioxide, which contributes to the greenhouse effect and climate change. "Green" hydrogen is produced using renewable electricity as a source of energy.

The long-term goal of the LiU researchers is to be able to use only energy from the sun to drive the photochemical reaction to produce "green" hydrogen. Most materials under development today have an efficiency of between 1 and 3 per cent, but for commercialisation of this green hydrogen technology the target is 10 per cent efficiency. Being able to fully drive the reaction using solar energy would lower the cost of producing "green" hydrogen, compared to producing it using supplementary renewable electricity as is done with the technology used today. Jianwu Sun speculates that it may take around five to ten years for the research team to develop materials that reach the coveted 10 per cent limit.

The research has been funded with support from, among others, the Swedish Foundation for International Cooperation in Research and Higher Education (STINT), the Olle Engkvists Stiftelse, the AForsk Foundation, the Carl Tryggers Stiftelse and through the Swedish Government Strategic Research Area in Advanced Functional Materials (AFM) at Linkoping University.
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Artificial intelligence isn't hurting workers-It might be helping | ScienceDaily
As artificial intelligence reshapes workplaces worldwide, a new study provides early evidence suggesting AI exposure has not, thus far, caused widespread harm to workers' mental health or job satisfaction. In fact, the data reveals that AI may even be linked to modest improvements in worker physical health, particularly among employees with less than a college degree.


						
But the authors caution: It is way too soon to draw definitive conclusions.

The paper, "Artificial Intelligence and the Wellbeing of Workers," published June 23 in Nature: Scientific Reports, uses two decades of longitudinal data from the German Socio-Economic Panel. Using that rich data, the researchers -- Osea Giuntella of the University of Pittsburgh and the National Bureau of Economic Research (NBER), Luca Stella of the University of Milan and the Berlin School of Economics, and Johannes King of the German Ministry of Finance -- explored how workers in AI-exposed occupations have fared in contrast to workers in less-exposed roles.

"Public anxiety about AI is real, but the worst-case scenarios are not inevitable," said Professor Stella, who is also affiliated with independent European bodies the Center for Economic Studies (CESifo) and the Institute for Labor Economics (IZA). "So far, we find little evidence that AI adoption has undermined workers' well-being on average. If anything, physical health seems to have slightly improved, likely due to declining job physical intensity and overall job risk in some of the AI-exposed occupations."

Yet the study also highlights reasons for caution.

The analysis relies primarily on a task-based measure of AI exposure -- considered more objective -- but alternative estimates based on self-reported exposure reveal small negative effects on job and life satisfaction. In addition, the sample excludes younger workers and only covers the early phases of AI diffusion in Germany.

"We may simply be too early in the AI adoption curve to observe its full effects," Stella emphasized. "AI's impact could evolve dramatically as technologies advance, penetrate more sectors, and alter work at a deeper level."

Key findings from the study include:
    	No significant average effects of AI exposure on job satisfaction, life satisfaction, or mental health.
    	Small improvements in self-rated physical health and health satisfaction, especially among lower-educated workers.
    	Evidence of reduced physical job intensity, suggesting that AI may alleviate physically demanding tasks.
    	A modest decline in weekly working hours, without significant changes in income or employment rates.
    	Self-reported AI exposure suggests small but negative effects on subjective well-being, reinforcing the need for more granular future research.

Due to the data supply, the study focuses on Germany -- a country with strong labor protections and a gradual pace of AI adoption. The co-authors noted that outcomes may differ in more flexible labor markets or among younger cohorts entering increasingly AI-saturated workplaces.

"This research is an early snapshot, not the final word," said Pitt's Giuntella, who previously conducted significant research into the effect of robotics on households and labor, and on types of workers. "As AI adoption accelerates, continued monitoring of its broader impacts on work and health is essential. Technology alone doesn't determine outcomes -- institutions and policies will decide whether AI enhances or erodes the conditions of work."
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From cursed tomb fungus to cancer cure: Aspergillus flavus yields potent new drug | ScienceDaily
Penn-led researchers have turned a deadly fungus into a potent cancer-fighting compound. After isolating a new class of molecules from Aspergillus flavus, a toxic crop fungus linked to deaths in the excavations of ancient tombs, the researchers modified the chemicals and tested them against leukemia cells. The result? A promising cancer-killing compound that rivals FDA-approved drugs and opens up new frontiers in the discovery of more fungal medicines.


						
"Fungi gave us penicillin," says Sherry Gao, Presidential Penn Compact Associate Professor in Chemical and Biomolecular Engineering (CBE) and in Bioengineering (BE) and senior author of a new paper in Nature Chemical Biologyon the findings. "These results show that many more medicines derived from natural products remain to be found."

From Curse to Cure

Aspergillus flavus, named for its yellow spores, has long been a microbial villain. After archaeologists opened King Tutankhamun's tomb in the 1920s, a series of untimely deaths among the excavation team fueled rumors of a pharaoh's curse. Decades later, doctors theorized that fungal spores, dormant for millennia, could have played a role.

In the 1970s, a dozen scientists entered the tomb of Casimir IV in Poland. Within weeks, 10 of them died. Later investigations revealed the tomb contained A. flavus, whose toxins can lead to lung infections, especially in people with compromised immune systems.

Now, that same fungus is the unlikely source of a promising new cancer therapy.

A Rare Fungal Find

The therapy in question is a class of ribosomally synthesized and post-translationally modified peptides, or RiPPs, pronounced like the "rip" in a piece of fabric. The name refers to how the compound is produced -- by the ribosome, a tiny cellular structure that makes proteins -- and the fact that it is modified later, in this case, to enhance its cancer-killing properties.




"Purifying these chemicals is difficult," says Qiuyue Nie, a postdoctoral fellow in CBE and the paper's first author. While thousands of RiPPs have been identified in bacteria, only a handful have been found in fungi. In part, this is because past researchers misidentified fungal RiPPs as non-ribosomal peptides and had little understanding of how fungi created the molecules. "The synthesis of these compounds is complicated," adds Nie. "But that's also what gives them this remarkable bioactivity."

Hunting for Chemicals

To find more fungal RiPPs, the researchers first scanned a dozen strains of Aspergillus, which previous research suggested might contain more of the chemicals.

By comparing chemicals produced by these strains with known RiPP building blocks, the researchers identified A. flavus as a promising candidate for further study.

Genetic analysis pointed to a particular protein in A. flavus as a source of fungal RiPPs. When the researchers turned the genes that create that protein off, the chemical markers indicating the presence of RiPPs also disappeared.

This novel approach -- combining metabolic and genetic information -- not only pinpointed the source of fungal RiPPs in A. flavus, but could be used to find more fungal RiPPs in the future.




A Potent New Medicine

After purifying four different RiPPs, the researchers found the molecules shared a unique structure of interlocking rings. The researchers named these molecules, which have never been previously described, after the fungus in which they were found: asperigimycins.

Even with no modification, when mixed with human cancer cells, asperigimycins demonstrated medical potential: two of the four variants had potent effects against leukemia cells.

Another variant, to which the researchers added a lipid, or fatty molecule, that is also found in the royal jelly that nourishes developing bees, performed as well as cytarabine and daunorubicin, two FDA-approved drugs that have been used for decades to treat leukemia.

Cracking the Code of Cell Entry

To understand why lipids enhanced asperigimycins' potency, the researchers selectively turned genes on and off in the leukemia cells. One gene, SLC46A3, proved critical in allowing asperigimycins to enter leukemia cells in sufficient numbers.

That gene helps materials exit lysosomes, the tiny sacs that collect foreign materials entering human cells. "This gene acts like a gateway," says Nie. "It doesn't just help asperigimycins get into cells, it may also enable other 'cyclic peptides' to do the same."

Like asperigimycins, those chemicals have medicinal properties -- nearly two dozen cyclic peptides have received clinical approval since 2000 to treat diseases as varied as cancer and lupus -- but many of them need modification to enter cells in sufficient quantities.

"Knowing that lipids can affect how this gene transports chemicals into cells gives us another tool for drug development," says Nie.

Disrupting Cell Division

Through further experimentation, the researchers found that asperigimycins likely disrupt the process of cell division. "Cancer cells divide uncontrollably," says Gao. "These compounds block the formation of microtubules, which are essential for cell division."

Notably, the compounds had little to no effect on breast, liver or lung cancer cells -- or a range of bacteria and fungi -- suggesting that asperigimycins' disruptive effects are specific to certain types of cells, a critical feature for any future medication.

Future Directions

In addition to demonstrating the medical potential of asperigimycins, the researchers identified similar clusters of genes in other fungi, suggesting that more fungal RiPPS remain to be discovered. "Even though only a few have been found, almost all of them have strong bioactivity," says Nie. "This is an unexplored region with tremendous potential."

The next step is to test asperigimycins in animal models, with the hope of one day moving to human clinical trials. "Nature has given us this incredible pharmacy," says Gao. "It's up to us to uncover its secrets. As engineers, we're excited to keep exploring, learning from nature and using that knowledge to design better solutions."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science; Rice University; the University of Pittsburgh; The University of Texas MD Anderson Cancer Center; Washington University School of Medicine, St. Louis; Baylor College of Medicine and the University of Porto. 

The study was supported by the U.S. National Institutes of Health (R35GM138207, R35CA274235, R35GM128779), the University of Pennsylvania, the Welch Foundation (C-2033-20200401), the Houston Area Molecular Biophysics Program (NIH Grant T32 GM008280), the Cancer Prevention and Research Institute of Texas (RR220087, RR210029) and the National Science Foundation (OAC-2117681, OAC-1928147, OAC-1928224). 

Additional co-authors include Fanglong Zhao, Xuerong Yu, Caleb Chang, Rory Sharkey, Bryce Kille, Hongzi Zheng, Kevin Yang, Alan Du, Todd Treangen, Yang Gao and Hans Renata of Rice University; Chunxiao Sun and Shuai Liu of Penn Engineering and Rice; Siting Li and Junjie Chen of MD Anderson; Mithun C. Madhusudhanan and Peng Liu of Pitt; Sandipan Roy Chowdhury, Dongyin Guan, Jin Wang, Xin Yu and Dishu Zhou of Baylor; Maria Zotova and Zichen Hu of Penn Engineering; Sandra A. Figueiredo and Pedro N. Leao of the University of Porto; and Andy Xu and Rui Tang of Wash U, St. Louis.
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Quantum dice: Scientists harness true randomness from entangled photons | ScienceDaily
Randomness is incredibly useful. People often draw straws, throw dice or flip coins to make fair choices. Random numbers can enable auditors to make completely unbiased selections. Randomness is also key in security; if a password or code is an unguessable string of numbers, it's harder to crack. Many of our cryptographic systems today use random number generators to produce secure keys.


						
But how do you know that a random number is truly random? Classical computer algorithms can only create pseudo-random numbers, and someone with enough knowledge of the algorithm or the system could manipulate it or predict the next number. An expert in sleight of hand could rig a coin flip to guarantee a heads or tails result. Even the most careful coin flips can have bias; with enough study, their outcomes could be predicted.

"True randomness is something that nothing in the universe can predict in advance," said Krister Shalm, a physicist at the National Institute of Standards and Technology (NIST). Even if a random number generator used seemingly random processes in nature, it would be hard to verify that those numbers are truly random, Shalm added.

Einstein believed that nature isn't random, famously saying, "God does not play dice with the universe." Scientists have since proved that Einstein was wrong. Unlike dice or computer algorithms, quantum mechanics is inherently random. Carrying out a quantum experiment called a Bell test, Shalm and his team have transformed this source of true quantum randomness into a traceable and certifiable random-number service.

"If God does play dice with the universe, then you can turn that into the best random number generator that the universe allows," Shalm said. "We really wanted to take that experiment out of the lab and turn it into a useful public service."

To make that happen, NIST researchers and their colleagues at the University of Colorado Boulder created the Colorado University Randomness Beacon (CURBy). CURBy produces random numbers automatically and broadcasts them daily through a website for anyone to use.

At the heart of this service is the NIST-run Bell test, which provides truly random results. This randomness acts as a kind of raw material that the rest of the researchers' setup "refines" into random numbers published by the beacon.




The Bell test measures pairs of "entangled" photons whose properties are correlated even when separated by vast distances. When researchers measure an individual particle, the outcome is random, but the properties of the pair are more correlated than classical physics allows, enabling researchers to verify the randomness. Einstein called this quantum nonlocality "spooky action at a distance."

This is the first random number generator service to use quantum nonlocality as a source of its numbers, and the most transparent source of random numbers to date. That's because the results are certifiable and traceable to a greater extent than ever before.

"CURBy is one of the first publicly available services that operates with a provable quantum advantage. That's a big milestone for us," Shalm explained. "The quality and origin of these random bits can be directly certified in a way that conventional random number generators are unable to."

NIST performed one of the first complete experimental Bell tests in 2015, which firmly established that quantum mechanics is truly random. In 2018, NIST pioneered methods to use these Bell tests to build the world's first sources of true randomness.

However, turning these quantum correlations into random numbers is hard work. NIST's first breakthrough demonstrations of the Bell test required months of setup to run for a few hours, and it took a great deal of time to collect enough data to generate 512 bits of true randomness. Shalm and the team spent the past few years building the experiment to be robust and to run automatically so it can provide random numbers on demand. In its first 40 days of operation, the protocol produced random numbers 7,434 times out of 7,454 attempts, a 99.7% success rate.

The process starts by generating a pair of entangled photons inside a special nonlinear crystal. The photons travel via optical fiber to separate labs at opposite ends of the hall. Once the photons reach the labs, their polarizations are measured. The outcomes of these measurements are truly random. This process is repeated 250,000 times per second.




NIST passes millions of these quantum coin flips to a computer program at the University of Colorado Boulder. Special processing steps and strict protocols are used to turn the outcomes of the quantum measurements on entangled photons into 512 random bits of binary code (0s and 1s). The result is a set of random bits that no one, not even Einstein, could have predicted. In some sense, this system acts as the universe's best coin flip.

NIST and its collaborators added the ability to trace and verify every step in the randomness generation process. They developed the Twine protocol, a novel set of quantum-compatible blockchain technologies that enable multiple different entities to work together to generate and certify the randomness from the Bell test. The Twine protocol marks each set of data for the beacon with a hash. Hashes are used in blockchain technology to mark sets of data with a digital fingerprint, allowing each block of data to be identified and scrutinized.

The Twine protocol allows any user to verify the data behind each random number, explained Jasper Palfree, a research assistant on the project at the University of Colorado Boulder. The protocol can expand to let other random number beacons join the hash graph, creating a network of randomness that everyone contributes to but no individual controls.

Intertwining these hash chains acts as a timestamp, linking the data for the beacon together into a traceable data structure. It also provides security, allowing Twine protocol participants to immediately spot manipulation of the data.

"The Twine protocol lets us weave together all these other beacons into a tapestry of trust," Palfree added.

Turning a complex quantum physics problem into a public service is exactly why this work appealed to Gautam Kavuri, a graduate student on the project. The whole process is open source and available to the public, allowing anyone to not only check their work, but even build on the beacon to create their own random number generator.

CURBy can be used anywhere an independent, public source of random numbers would be useful, such as selecting jury candidates, making a random selection for an audit, or assigning resources through a public lottery.

"I wanted to build something that is useful. It's this cool thing that is the cutting edge of fundamental science," Kavuri added. "NIST is a place where you have that freedom to pursue projects that are ambitious but also will give you something useful."
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Affordances in the brain: The human superpower AI hasn't mastered | ScienceDaily
How do you intuitively know that you can walk on a footpath and swim in a lake? Researchers from the University of Amsterdam have discovered unique brain activations that reflect how we can move our bodies through an environment. The study not only sheds new light on how the human brain works, but also shows where artificial intelligence is lagging behind. According to the researchers, AI could become more sustainable and human-friendly if it incorporated this knowledge about the human brain.


						
When we see a picture of an unfamiliar environment -- a mountain path, a busy street, or a river -- we immediately know how we could move around in it: walk, cycle, swim or not go any further. That sounds simple, but how does your brain actually determine these action opportunities?

PhD student Clemens Bartnik and a team of co-authors show how we make estimates of possible actions thanks to unique brain patterns. The team, led by computational neuroscientist Iris Groen, also compared this human ability with a large number of AI models, including ChatGPT. "AI models turned out to be less good at this and still have a lot to learn from the efficient human brain," Groen concludes.

Viewing images in the MRI scanner

Using an MRI scanner, the team investigated what happens in the brain when people look at various photos of indoor and outdoor environments. The participants used a button to indicate whether the image invited them to walk, cycle, drive, swim, boat or climb. At the same time, their brain activity was measured.

"We wanted to know: when you look at a scene, do you mainly see what is there -- such as objects or colors -- or do you also automatically see what you can do with it," says Groen. "Psychologists call the latter "affordances" -- opportunities for action; imagine a staircase that you can climb, or an open field that you can run through."

Unique processes in the brain

The team discovered that certain areas in the visual cortex become active in a way that cannot be explained by visible objects in the image. "What we saw was unique," says Groen. "These brain areas not only represent what can be seen, but also what you can do with it." The brain did this even when participants were not given an explicit action instruction. 'These action possibilities are therefore processed automatically," says Groen. "Even if you do not consciously think about what you can do in an environment, your brain still registers it."




The research thus demonstrates for the first time that affordances are not only a psychological concept, but also a measurable property of our brains.

What AI doesn't understand yet

The team also compared how well AI algorithms -- such as image recognition models or GPT-4 -- can estimate what you can do in a given environment. They were worse at predicting possible actions. "When trained specifically for action recognition, they could somewhat approximate human judgments, but the human brain patterns didn't match the models' internal calculations," Groen explains.

"Even the best AI models don't give exactly the same answers as humans, even though it's such a simple task for us," Groen says. "This shows that our way of seeing is deeply intertwined with how we interact with the world. We connect our perception to our experience in a physical world. AI models can't do that because they only exist in a computer."

AI can still learn from the human brain

The research thus touches on larger questions about the development of reliable and efficient AI. "As more sectors -- from healthcare to robotics -- use AI, it is becoming important that machines not only recognize what something is, but also understand what it can do," Groen explains. "For example, a robot that has to find its way in a disaster area, or a self-driving car that can tell apart a bike path from a driveway."

Groen also points out the sustainable aspect of AI. "Current AI training methods use a huge amount of energy and are often only accessible to large tech companies. More knowledge about how our brain works, and how the human brain processes certain information very quickly and efficiently, can help make AI smarter, more economical and more human-friendly."
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The common blood test that predicts how fast Alzheimer's hits | ScienceDaily
Insulin resistance detected by routine triglyceride-glucose (TyG) index can flag people with early Alzheimer's who are four times more likely to present rapid cognitive decline, according to new research presented at the European Academy of Neurology (EAN) Congress 2025.1


						
Neurologists at the University of Brescia reviewed records for 315 non-diabetic patients with cognitive deficits, including 200 with biologically confirmed Alzheimer's disease. All subjects underwent an assessment of insulin resistance using the TyG index and a clinical follow-up of 3 years. When patients were divided according to TyG index, those in the highest third of the Mild Cognitive Impairment AD subgroup deteriorated far more quickly than their lower-TyG peers, losing >2.5 points on the Mini Mental State Examination per year (hazard ratio 4.08, 95% CI 1.06-15.73). No such link appeared in the non-AD cohort.

"Once mild cognitive impairment is diagnosed, families always ask how fast it will progress," said lead investigator Dr. Bianca Gumina. "Our data show that a simple metabolic marker available in every hospital laboratory can help identify more vulnerable subjects who may be suitable candidates for targeted therapy or specific intervention strategies."

While insulin resistance has been linked to the onset of Alzheimer's disease, its role in how quickly the condition progresses has received less attention. This study aimed to fill that gap by focusing on its impact during the prodromal mild cognitive impairment (MCI) stage, when patients follow highly variable trajectories. The researchers used the TyG index, which offers a low-cost, routinely available surrogate for insulin resistance, to explore whether metabolic dysfunction could help predict the pace of cognitive decline after diagnosis.

In AD specifically, insulin resistance is believed to impair neuronal glucose uptake, promote amyloid accumulation, disrupt the blood-brain barrier, and fuel inflammation - pathways that are less relevant or differently regulated in other neurodegenerative diseases.

"We were surprised to see the effect only in the Alzheimer's spectrum and not in other neurodegenerative diseases," Dr. Gumina noted. "It suggests a disease-specific vulnerability to metabolic stress during the prodromal window, when interventions may still change the trajectory."

The researchers at University of Brescia, led by Professor Padovani and Professor Pilotto, found that high TyG was also associated with blood-brain barrier disruption and cardiovascular risk factors, yet it showed no interaction with the APOE e4 genotype, indicating that metabolic and genetic risks may act through distinct pathways.2

Identifying high-TyG patients could refine enrolment for anti-amyloid or anti-tau trials and prompt earlier lifestyle or pharmacological measures to improve insulin sensitivity. The researchers are currently investigating whether TyG levels also track with neuroimaging biomarkers to aid earlier detection and stratification.

"If targeting metabolism can delay progression, we will have a readily modifiable target that works alongside emerging disease-modifying drugs," concluded Dr. Gumina.

References:
    	Gumina B., Galli A., Tolassi C. et al. The Triglyceride-Glucose Index as Predictor of Cognitive Decline in Alzheimer's Spectrum Disorders. Presented at the European Academy of Neurology (EAN) Congress 2025; 23 June 2025; Helsinki, Finland.
    	Padovani A., Galli A., Bazzoli E., et al. (2025). The role of insulin resistance and APOE genotype on blood-brain barrier integrity in Alzheimer's disease. Alzheimer's & Dementia. Advance online publication. https://doi.org/10.1002/alz.14556
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Superbugs in your shrimp: Deadly colistin-resistance genes ride on imported seafood | ScienceDaily
Resistance to colistin, a potent antibiotic, is on the rise.


						    	In 2016, researchers discovered that colistin resistance could be transferred laterally among microbes.
    	Researchers have isolated genes that confer colistin resistance from imported seafood purchased from markets in Atlanta, Ga.
    	The findings suggest imported seafood could promote the spread of transmissible colistin resistance.

Colistin is a potent, last-resort antibiotic, used only to treat people with dangerous, life-threatening bacterial infections that have developed resistance to other drugs. But it's not foolproof. Worldwide, resistance to colistin is spreading, further diminishing treatment options and putting infected people at higher risk.

Researchers from the University of Georgia recently identified a way that colistin resistance genes are spreading: Imported seafood. In a new study, microbiologist Issmat Kassem, Ph.D., and his group have reported the first isolation of colistin-resistance genes in bacteria found in imported shrimp and scallops, purchased from 8 food markets around Atlanta, Ga. Kassem will be presenting the findings this week in Los Angeles at ASM Microbe 2025, the annual meeting of the American Society for Microbiology. An accompanying paper will be published in the ASM journal mSphere.

"We love our seafood," Kassem said. Many people don't know that most seafood consumed in the U.S. is imported, he said, including about 90% of shrimp. Imported seafood is screened for contaminants but the process doesn't catch everything, especially antimicrobial resistance genes. "The bacteria that were carrying colistin resistance genes are not normally screened." Kassem and his group also found that some of the resistance genes are carried on plasmids -- round bits of genetic material that can be transmitted from bacteria to bacteria.

Antimicrobial resistant infections kill hundreds of thousands of people globally every year, and antimicrobial resistance is a rising public health menace. Colistin was first introduced in the 1950s to treat infections by pathogenic Gram-negative bacteria, but it takes a heavy toll on patients, including increased risk of damage to the nerves and kidneys. It was discontinued in the U.S. in the 1980s. However, Kassem noted, other countries continued to use it in agricultural settings, both to treat infections and to promote animal growth. Colistin was eventually reintroduced to human medicine because it was one of the few options available to treat certain bacterial infections. The World Health Organization categorizes colistin as a high priority critically important antibiotic, which means it is an essential option for treating serious human infections.

In 2016, researchers discovered a mobile colistin resistant gene, or mcr, that was "mobile" because it could be transferred via lateral transmission, in plasmids passed among bacteria. Before then, Kassem said, researchers believed colistin resistance was inherited, not shared, "which means it could not jump between different bacteria."

Researchers have now identified at least 10 mcr genes and many alleles, or variations. Kassem, who has been studying antimicrobial resistance for 2 decades, suspected it might spread through the importing and exporting of food.

"Our food is sourced from different places," he said. "If you go out to lunch today, your plate might have ingredients from 6, 7, 8 countries. Some countries do not have strict regulations for using antibiotics in food animal production, so imported food can be a vehicle for transmission of resistance." In previous work, his group found mcr genes in samples from wastewater in Georgia; they also found the bacterial host that was carrying the plasmid containing the genes. It wasn't normally screened in food coming into the United States, he said. In studies published since then, researchers have found mcr genes in plasmids elsewhere.

When they screened seafood purchased from markets in Georgia, they found the same bacterial host, the same plasmids and the same genes that they'd previously identified in wastewater. "The good news is that we didn't find it in locally produced seafood," Kassem said.

He cautioned that the group identified 1 source of colistin resistance, but there could be other, and they're likely spreading. "We live in a very connected world," he said. "We move a lot, we travel a lot, our food travels, and we are going to spread whatever emerges, even across national borders. So, it's important to invest in monitoring systems and expand them and collaborate, especially on the global level, on the issue of antimicrobial resistance."
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Rice University breakthrough keeps CO2 electrolyzers running 50x longer | ScienceDaily
A team of researchers at Rice University have discovered a surprisingly simple method for vastly improving the stability of electrochemical devices that convert carbon dioxide into useful fuels and chemicals, and it involves nothing more than sending the CO2 through an acid bubbler.


						
Their study, published in Science, addresses a major bottleneck in the performance and stability of CO2 reduction systems: the buildup of salt that clogs gas flow channels, reduces efficiency and causes the devices to fail prematurely. Using a technique they call acid-humidified CO2, the researchers extended the operational life of a CO2 reduction system more than 50-fold, demonstrating more than 4,500 hours of stable operation in a scaled-up reactor -- a milestone for the field.

Electrochemical CO2 reduction, or CO2RR, is an emerging green technology that uses electricity, ideally from renewable sources, to transform climate-warming CO2 into valuable products like carbon monoxide, ethylene or alcohols. These products can be further refined into fuels or used in industrial processes, potentially turning a major pollutant into a feedstock.

However, practical implementation has been hindered by poor system stability. One persistent issue is the accumulation of potassium bicarbonate salts in the gas flow channels, which occurs when potassium ions migrate from the anolyte across the anion exchange membrane to the cathode reaction zone and combine with CO2 under high pH conditions.

"Salt precipitation blocks CO2 transport and floods the gas diffusion electrode, which leads to performance failure," said Haotian Wang , the corresponding author of the study and associate professor of chemical and biomolecular engineering, materials science and nanoengineering and chemistry at Rice. "This typically happens within a few hundred hours, which is far from commercial viability."

To combat this, the Rice team tried an elegant twist on a standard procedure. Instead of using water to humidify the CO2 gas input into the reactor, they bubbled the gas through an acid solution such as hydrochloric, formic or acetic acid.

The vapor from the acid is carried into the cathode reaction chamber in trace amounts, just enough to alter the local chemistry. Because the salts formed with these acids are much more soluble than potassium bicarbonate, they don't crystallize and block the channels.




The effect was dramatic. In tests using a silver catalyst -- a common benchmark for converting CO2 to carbon monoxide -- the system operated stably for over 2,000 hours in a lab-scale device and more than 4,500 hours in a 100-square-centimeter, scaled-up electrolyzer. In contrast, systems using standard water-humidified CO2 failed after about 80 hours because of salt buildup.

Importantly, the acid-humidified method proved effective across multiple catalyst types, including zinc oxide, copper oxide and bismuth oxide, all of which are used to target different CO2RR products. The researchers also demonstrated that the method could be scaled without compromising performance with large-scale devices maintaining energy efficiency and avoiding salt blockage over extended periods.

They observed minimal corrosion or damage to the anion exchange membranes that are typically sensitive to chloride by keeping the acid concentrations low. The approach was also shown to be compatible with commonly used membranes and materials, reinforcing its potential for integration into existing systems.

To observe salt formation in real time, the team used custom-built reactors with transparent flow plates. Under conventional water humidification, salt crystals began forming within 48 hours. With acid-humidified CO2, however, no significant crystal accumulation was observed even after hundreds of hours, and any small deposits were eventually dissolved and carried out of the system.

"Using the traditional method of water-humidified CO2 could lead to salt formation in the cathode gas flow channels," said co-first author Shaoyun Hao, postdoctoral research associate in chemical and biomolecular engineering at Rice. "We hypothesized -- and confirmed -- that acid vapor could dissolve the salt and convert the low solubility KHCO3 into salt with higher solubility, thus shifting the solubility balance just enough to avoid clogging without affecting catalyst performance."

The work opens the door to more durable, scalable CO2 electrolyzers, a critical need if the technology is to be deployed at industrial scales as part of carbon capture and utilization strategies. The simplicity of the approach, involving only small tweaks to existing humidification setups, means it can be adopted without significant redesigns or added costs.

"This is a major finding for CO2 electrolysis," said Ahmad Elgazzar, co-first author and graduate student in chemical and biomolecular engineering at Rice. "Our method addresses a long-standing obstacle with a low-cost, easily implementable solution. It's a step toward making carbon utilization technologies more commercially viable and more sustainable."

This work was supported by the Robert A. Welch Foundation, Rice, the National Science Foundation and the David and Lucile Packard Foundation.
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What the Universe tried to hide: The 21-centimeter signal explained | ScienceDaily
Understanding how the universe transitioned from darkness to light with the formation of the first stars and galaxies is a key turning point in the universe's development, known as the Cosmic Dawn. However, even with the most powerful telescopes, we can't directly observe these earliest stars, so determining their properties is one of the biggest challenges in astronomy.


						
Now, an international group of astronomers led by the University of Cambridge have shown that we will be able to learn about the masses of the earliest stars by studying a specific radio signal - created by hydrogen atoms filling the gaps between star-forming regions - originating just a hundred million years after the Big Bang.

By studying how the first stars and their remnants affected this signal, called the 21-centimeter signal, the researchers have shown that future radio telescopes will help us understand the very early universe, and how it transformed from a nearly homogeneous mass of mostly hydrogen to the incredible complexity we see today. Their results are reported in the journal Nature Astronomy.

"This is a unique opportunity to learn how the universe's first light emerged from the darkness," said co-author Professor Anastasia Fialkov from Cambridge's Institute of Astronomy. "The transition from a cold, dark universe to one filled with stars is a story we're only beginning to understand."

The study of the universe's most ancient stars hinges on the faint glow of the 21-centimetre signal, a subtle energy signal from over 13 billion years ago. This signal, influenced by the radiation from early stars and black holes, provides a rare window into the universe's infancy.

Fialkov leads the theory group of REACH (the Radio Experiment for the Analysis of Cosmic Hydrogen). REACH is a radio antenna and is one of two major projects that could help us learn about the Cosmic Dawn and the Epoch of Reionisation, when the first stars reionised neutral hydrogen atoms in the universe.

Although REACH, which captures radio signals, is still in its calibration stage, it promises to reveal data about the early universe. Meanwhile, the Square Kilometre Array (SKA) -- a massive array of antennas under construction -- will map fluctuations in cosmic signals across vast regions of the sky.




Both projects are vital in probing the masses, luminosities, and distribution of the universe's earliest stars. In the current study, Fialkov - who is also a member of the SKA - and her collaborators developed a model that makes predictions for the 21-centimeter signal for both REACH and SKA, and found that the signal is sensitive to the masses of first stars.

"We are the first group to consistently model the dependence of the 21-centimeter signal of the masses of the first stars, including the impact of ultraviolet starlight and X-ray emissions from X-ray binaries produced when the first stars die," said Fialkov, who is also a member of Cambridge's Kavli Institute for Cosmology. "These insights are derived from simulations that integrate the primordial conditions of the universe, such as the hydrogen-helium composition produced by the Big Bang."

In developing their theoretical model, the researchers studied how the 21-centimeter signal reacts to the mass distribution of the first stars, known as Population III stars. They found that previous studies have underestimated this connection as they did not account for the number and brightness of X-ray binaries - binary systems made of a normal star and a collapsed star - among Population III stars, and how they affect the 21-centimeter signal.

Unlike optical telescopes like the James Webb Space Telescope, which capture vivid images, radio astronomy relies on statistical analysis of faint signals. REACH and SKA will not be able to image individual stars, but will instead provide information about entire populations of stars, X-ray binary systems and galaxies.

"It takes a bit of imagination to connect radio data to the story of the first stars, but the implications are profound," said Fialkov.

"The predictions we are reporting have huge implications for our understanding of the nature of the very first stars in the Universe," said co-author Dr Eloy de Lera Acedo, Principal Investigator of the REACH telescope and PI at Cambridge of the SKA development activities. "We show evidence that our radio telescopes can tell us details about the mass of those first stars and how these early lights may have been very different from today's stars.

"Radio telescopes like REACH are promising to unlock the mysteries of the infant Universe, and these predictions are essential to guide the radio observations we are doing from the Karoo, in South Africa."

The research was supported in part by the Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI). Anastasia Fialkov is a Fellow of Magdalene College, Cambridge. Eloy de Lera Acedo is an STFC Ernest Rutherford Fellow and a Fellow of Selwyn College, Cambridge.
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Breakthrough magnet design could transform MRI and magnetic levitation | ScienceDaily
Physicists Prof. Dr. Ingo Rehberg from the University of Bayreuth and Dr. Peter Blumler from Johannes Gutenberg University Mainz have developed and experimentally validated an innovative approach for generating homogeneous magnetic fields using permanent magnets. Their method outperforms the classical Halbach arrangement -- which is optimal only for infinitely long and therefore unrealizable magnets -- by producing higher field strengths and improved homogeneity in compact, finite-sized configurations. The study was published in the renowned interdisciplinary journal Physical Review Applied, which shows significant advances in the applied sciences at the intersection of physics with engineering, materials science, chemistry, biology, and medicine.


						
A New Approach to Magnetic Field Homogenization

Homogeneous magnetic fields can be generated over relatively large spatial regions through the targeted arrangement of permanent magnets. A well-known example of an effective design is the so-called Halbach array. However, this approach is based on the idealized assumption that very long -- ideally infinitely long -- magnets (line dipoles) can be arranged in a circle in such a way that the individual contributions superimpose to produce a homogeneous magnetic field in the center region. In practical applications, using magnets of finite length, the resulting field deviates significantly from this ideal: the field strength inside the circle varies considerably depending on the position. The classical Halbach geometry is therefore clearly suboptimal for compact, practically implementable magnet arrangements when the aim is to achieve the strongest and/or most uniform magnetic field possible.

In their work, Peter Blumler and Ingo Rehberg present optimal three-dimensional arrangements of very compact magnets, idealized by point dipoles. With a view to possible applications, they investigated, among other things, the optimal orientation of the magnets for two geometries relevant to practical use: a single ring and a stacked double ring. A so-called "focused" design additionally allows the generation of homogeneous fields outside the magnet plane, for example in an object positioned above the magnets.

For these new arrangements, Rehberg and Blumler developed analytical formulas, which they subsequently validated experimentally. To this end, they constructed magnet arrays from 16 FeNdB cuboids mounted on 3D-printed supports. The resulting magnetic fields were measured and compared with theoretical predictions, revealing excellent agreement. In terms of both magnetic field strength and homogeneity, the new configurations clearly outperform the classical Halbach arrangement as well as its modifications described in the literature.

Potential for Numerous Applications

The new design concepts offer great potential for applications in which strong and homogeneous magnetic fields are required. In conventional magnetic resonance imaging (MRI), for example, powerful superconducting magnets are used to polarize hydrogen nuclei in tissue. These nuclei are then excited by radio waves, generating measurable voltages in detectors surrounding the body. Algorithms use these signals to calculate detailed cross-sectional images that allow physicians to distinguish tissue types based on properties such as density, water or fat content and diffusion. However, superconducting magnets are technically complex and extremely costly, making this technology hardly available in many parts of the world. For such cases, intensive research is underway to develop alternative methods for generating homogeneous magnetic fields using permanent magnets -- a field to which the present study makes a promising contribution. Further potential areas of application include particle accelerators and magnetic levitation systems.
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Half of today's jobs could vanish-Here's how smart countries are future-proofing workers | ScienceDaily
Artificial intelligence is spreading into many aspects of life, from communications and advertising to grading tests. But with the growth of AI comes a shake-up in the workplace.


						
New research from the University of Georgia is shedding light on how different countries are preparing for how AI will impact their workforces.

According to previous research, almost half of today's jobs could vanish over the next 20 years. But it's not all doom and gloom.

Researchers also estimate that 65% of current elementary school students will have jobs in the future that don't exist now. Most of these new careers will require advanced AI skills and knowledge.

"Human soft skills, such as creativity, collaboration and communication cannot be replaced by AI." -- Lehong Shi, College of Education

To tackle these challenges, governments around the world are taking steps to help their citizens gain the skills they'll need. The present study examined 50 countries' national AI strategies, focusing on policies for education and the workforce.

Learning what other countries are doing could help the U.S. improve its own plans for workforce preparation in the era of AI, the researcher said.




"AI skills and competencies are very important," said Lehong Shi, author of the study and an assistant research scientist at UGA's Mary Frances Early College of Education. "If you want to be competitive in other areas, it's very important to prepare employees to work with AI in the future."

Some countries put larger focus on training, education

Shi used six indicators to evaluate each country's prioritization on AI workforce training and education: the plan's objective, how goals will be reached, examples of projects, how success will be measured, how projects will be supported and the timelines for each project.

Each nation was classified as giving high, medium or low priority to prepare an AI competent workforce depending on how each aspect of their plan was detailed.

Of the countries studied, only 13 gave high prioritization to training the current workforce and improving AI education in schools. Eleven of those were European countries, with Mexico and Australia being the two exceptions. This may be because European nations tend to have more resources for training and cultures of lifelong learning, the researcher said.

The United States was one of 23 countries that considered workforce training and AI education a medium priority, with a less detailed plan compared to countries that saw them as a high priority.




Different countries prioritize different issues when it comes to AI preparation

Some common themes emerged between countries, even when their approaches to AI differed. For example, almost every nation aimed to establish or improve AI-focused programs in universities. Some also aimed to improve AI education for K-12 students.

On-the-job training was also a priority for more than half the countries, with some offering industry-specific training programs or internships. However, few focused on vulnerable populations such as the elderly or unemployed through programs to teach them basic AI skills.

Shi stressed that just because a country gives less prioritization to education and workforce preparation doesn't mean AI isn't on its radar. Some Asian countries, for example, put more effort into improving national security and health care rather than education.

Cultivating interest in AI could help students prepare for careers

Some countries took a lifelong approach to developing these specialized skills. Germany, for instance, emphasized creating a culture that encourages interest in AI. Spain started teaching kids AI-related skills as early as preschool.

Of the many actions governments took, Shi noted one area that needs more emphasis when preparing future AI-empowered workplaces. "Human soft skills, such as creativity, collaboration and communication cannot be replaced by AI," Shi said. "And they were only mentioned by a few countries."

Developing these sorts of "soft skills" is key to making sure students and employees continue to have a place in the workforce.

This study was published in Human Resource Development Review.
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HIV is surging in over-50s-But campaigns still target the young | ScienceDaily
Prevention and treatment campaigns are not adequately targeting the particular needs of the 50+ years age group.


						
Indeed, between 2000 and 2016, the number of adults aged 50 years and older living with HIV in sub-Saharan Africa doubled. At present, their HIV prevalence is exceeding that of younger adults.

By 2040, one-quarter of people living with HIV in Africa will be aged 50 years and older; tailored awareness and treatment campaigns are pressing.

Dr Luicer Olubayo, a researcher at the Sydney Brenner Institute for Molecular Bioscience (SBIMB) at Wits University and the first author of a study published in The Lancet Healthy Longevity journal, which investigated HIV in older people in Kenya and South Africa, noted that perceptions on who acquires HIV are limited. "We often think of HIV as a disease of younger people. It doesn't help that intervention campaigns are mainly targeted at the youth."

Moreover, older adults are less likely to believe that they can get HIV. This misconception is pervasive and has consequences for reaching global targets to achieve UNAIDS' 95-95-95 targets by 2030 (95% of people living with HIV know their status, 95% of people who know their status are on treatment, and 95% have a suppressed viral load).

"While HIV prevalence among individuals over 50 years of age is similar to or even exceeds that of younger adults, HIV surveys focus on younger individuals, leaving considerable gaps in understanding HIV prevalence, incidence and treatment outcomes in older populations," says Associate Professor F. Xavier Gomez-Olive, at the MRC/Wits-Agincourt Research Unit.

Stigma remains a barrier to treatment 

The uptake of HIV testing among older adults is poor, which delays diagnosis and limits access to care. This is, indeed, one of the signifiers of the pervasiveness of stigma surrounding the disease.




"We know that there is significant social stigma related to HIV infection. This is why understanding HIV-related stigma in older adults remains crucial as a way to inform interventions to support older people's mental health and overall well-being," says Olubayo.

Interventions could focus on repeated testing, the use of pre-exposure prophylaxis (PrEP), and campaigns to increase awareness and reduce infections among the elderly.

"HIV can be managed alongside other chronic conditions, too, since HIV is managed as a long-term illness," says Gomez-Olive.

Non-communicable diseases, such as hypertension, diabetes, and obesity, have dramatically increased in sub-Saharan Africa, particularly among older people. HIV treatment and intervention can be included in the healthcare ecosystem of long-term illnesses.

Apart from stigma, a complex interplay of factors shapes HIV risk 

The study shows that age, education, gender, and where people live all affect their risk of HIV. Even though more people now have access to HIV treatment, older adults -- especially in rural areas -- still face significant challenges in preventing HIV, such as low education levels and gender inequality.




Widowed women had the highest HIV rate (30.8%). This may be due to losing a partner to HIV, stigma, and a greater risk of unsafe behaviours like transactional sex and limited power to negotiate condom use. People without formal education and those with low income also had higher rates of HIV infection.

The benefit of longitudinal data to make decisions 

An important added value of this study is the provision of longitudinal insights into the HIV epidemic among older adults in sub-Saharan Africa. "Our study is beneficial in that older populations are under-represented, and not much is known about them over time. What changes are occurring? We have to answer these kinds of questions. With longitudinal data, we can look at the effectiveness of antiretroviral therapy coverage in older people," says Gomez-Olive.

The study used data collected in urban Kenya and in urban and rural sites across South Africa during two data collection waves: 2013-2016 and 2019-2022.

Throughout a decade of research, the team has been gaining a deeper understanding of this ageing HIV epidemic. Numerous important insights about HIV in older populations have been achieved, and research gaps are being covered.

Data for the study were drawn from the Africa Wits-INDEPTH Partnership for Genomic Research (AWI-Gen) from adults aged 40 years and older. AWI-Gen is a multicentre, longitudinal cohort study conducted at six research centres in four sub-Saharan African countries (South Africa, Kenya, Burkina Faso, and Ghana) to investigate various health determinants.
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Zapping aging cells: The fast, label-free test that could transform research | ScienceDaily
Researchers from Tokyo Metropolitan University have created a new way of telling "aged" human cells apart from younger ones using electric fields. While key markers have been found for these "senescent" cells, current methods require biochemical "labels" which are difficult to apply and affect the cells themselves, making them difficult to study. The new method is label-free and less damaging. The team aims to diversify the method, extending it to other cell types.


						
Aging starts at the cellular level. As we get older, aged or "senescent" cells accumulate in our body. Not only have these cells lost much of their original function, but they continue to emit compounds which trigger inflammation. There is a growing body of evidence for how they play a part in aging-related conditions like arterial hardening, Alzheimer's disease, and type 2 diabetes.

To understand and treat such ailments, scientists need to come to grips with how senescent cells affect our physiology. Naturally, this starts with identifying which of our cells are senescent, and which are not. Unfortunately, existing methods rely on selective "labeling," e.g. the attachment of a fluorescent molecule to specific compounds known to be present in aged cells. Not only is this time-consuming and complex, but the process itself can change the properties of the very thing scientists want to study.

To get around this issue, a team led by Assistant Professor Ippei Yagi from Tokyo Metropolitan University has come up with an entirely different approach to identifying senescent cells. Instead of chemical labels, they put cells under an alternating electric field. This causes a slight rearrangement of charge, where one end of the cell is more positively charged than the other. When the electric field is not uniform over space, the cell migrates; in the case of an alternating field, the cell wanders backwards and forwards between the electrodes. As the frequency of the field is changed, the motion of the cell changes significantly at a value known as the cutoff frequency. The method, known as frequency-modulated dielectrophoresis (FM-DEP), aims to characterize cell type by measuring this value.

The team focused their efforts on human dermal fibroblasts, an important part of connective tissue in the skin. When they tested senescent cells against younger ones, they found that there was a marked difference in their cutoff frequencies. These changes come about from changes in the fatty (lipid) molecules which make up the membrane of the cells. Importantly, FM-DEP is rapid, easy to apply, and label-free.

The new method is not only a convenient tool for research into aging, but may see application to regenerative medicine, and drug screening. The team hope to apply FM-DEP to other cell types as well, as a versatile new approach to cell identification.

This work was supported by JSPS KAKENHI Grant Numbers JP23K28453 and JP23KK0260.
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Quantum breakthrough: 'Magic states' now easier, faster, and way less noisy | ScienceDaily
For decades, quantum computers that perform calculations millions of times faster than conventional computers have remained a tantalizing yet distant goal. However, a new breakthrough in quantum physics may have just sped up the timeline.
In an article published in PRX Quantum, researchers from the Graduate School of Engineering Science and the Center for Quantum Information and Quantum Biology at The University of Osaka devised a method that can be used to prepare high-fidelity "magic states" for use in quantum computers with dramatically less overhead and unprecedented accuracy.
Quantum computers harness the fantastic properties of quantum mechanics such as entanglement and superposition to perform calculations much more efficiently than classical computers can. Such machines could catalyze innovations in fields as diverse as engineering, finance, and biotechnology. But before this can happen, there is a significant obstacle that must be overcome.
"Quantum systems have always been extremely susceptible to noise," says lead researcher Tomohiro Itogawa. "Even the slightest perturbation in temperature or a single wayward photon from an external source can easily ruin a quantum computer setup, making it useless. Noise is absolutely the number one enemy of quantum computers."
Thus, scientists have become very interested in building so-called fault-tolerant quantum computers, which are robust enough to continue computing accurately even when subject to noise. Magic state distillation, in which a single high-fidelity quantum state is prepared from many noisy ones, is a popular method for creating such systems. But there is a catch.
"The distillation of magic states is traditionally a very computationally expensive process because it requires many qubits," explains Keisuke Fujii, senior author. "We wanted to explore if there was any way of expediting the preparation of the high-fidelity states necessary for quantum computation."
Following this line of inquiry, the team was inspired to create a "level-zero" version of magic state distillation, in which a fault-tolerant circuit is developed at the physical qubit or "zeroth" level as opposed to higher, more abstract levels. In addition to requiring far fewer qubits, this new method led to a roughly several dozen times decrease in spatial and temporal overhead compared with that of the traditional version in numerical simulations.
Itogawa and Fujii are optimistic that the era of quantum computing is not as far off as we imagine. Whether one calls it magic or physics, this technique certainly marks an important step toward the development of larger-scale quantum computers that can withstand noise.
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FDA under fire: Data discrepancies uncovered in AstraZeneca approval trials | ScienceDaily

For more than a decade, ticagrelor (Brilinta in the US and Brilique in Europe) has been recommended for patients with acute coronary syndrome -- a range of conditions related to sudden reduced blood flow to the heart.

Last December, an investigation by The BMJ found serious data integrity problems in the landmark clinical trial (PLATO) that was used to gain worldwide approval for ticagrelor, calling into question the drug's advantage over cheaper rivals.

Now, as generic versions of the drug prepare to launch this year, The BMJ has expanded its investigation, looking at two key platelet studies that AstraZeneca claimed explained ticagrelor's ability to treat acute coronary syndrome successfully.

It finds that the "primary endpoint" results (the trial's key measurement) for both clinical trials were inaccurately reported in the leading cardiology journal Circulation, and reveals that more than 60 of 282 readings from platelet machines used in the trials were not present in US Food and Drug Administration (FDA) datasets.

What's more, one active trial investigator never became a study author, while one author told The BMJ he was not involved in the trial, and most investigators, including the principal investigator, were unreachable or declined to be interviewed.

Victor Serebruany, an adjunct faculty member at Johns Hopkins University and ticagrelor's most renowned critic, told The BMJ that "there are episodes of skyrocketing rebound and profound platelet inhibition after ticagrelor making patients prone to thrombosis or bleeding. If doctors had known what happened in these trials, they would never have started using ticagrelor."

Circulation and AstraZeneca did not respond to a request for comment.

Serebruany added: "It's been obvious for years that there is something wrong with the data. That the FDA's leadership could look past all these problems -- on top of the many problems their own reviewers identified and are now being discovered by The BMJ -- is unconscionable. We all need to know how and why that happened."
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Sharpest-ever solar view shows tiny stripes driving big space storms | ScienceDaily
A team of solar physicists has released a new study shedding light on the fine-scale structure of the Sun's surface. Using the unparalleled power of the U.S. National Science Foundation (NSF) Daniel K. Inouye Solar Telescope, built and operated by the NSF National Solar Observatory (NSO) on Maui, scientists have observed, for the first time ever in such high detail, ultra-narrow bright and dark stripes on the solar photosphere, offering unprecedented insight into how magnetic fields shape solar surface dynamics at scales as small as 20 kilometers (or 12.4 miles). The level of detail achieved allows us to clearly link these stripes to the ones we see in state-of-the-art simulations -- so we can better understand their nature.


						
These stripes, called striations and seen against the walls of solar convection cells known as granules, are the result of curtain-like sheets of magnetic fields that ripple and shift like fabric blowing in the wind. As light from the hot granule walls passes through these magnetic "curtains," the interaction produces a pattern of alternating brightness and darkness that traces variations in the underlying magnetic field. If the field is weaker in the curtain than in its surroundings it appears dark, if it is relatively stronger it appears bright.

"In this work, we investigate the fine-scale structure of the solar surface for the first time with an unprecedented spatial resolution of just about 20 kilometers, or the length of Manhattan Island," says NSO scientist Dr. David Kuridze, the study's lead author. "These striations are the fingerprints of fine-scale magnetic field variations."

The findings were not anticipated, and only possible because of the Inouye Solar Telescope's unprecedented abilities. The team used the Inouye's Visible Broadband Imager (VBI) instrument operating in the G-band, a specific range of visible light especially useful for studying the Sun because it highlights areas with strong magnetic activity, making features like sunspots and fine-scale structures like the ones in the study easier to see. The setup allows researchers to observe the solar photosphere at an impressive spatial resolution better than 0.03 arcseconds (i.e., about 20 kilometers on the Sun). This is the sharpest ever achieved in solar astronomy. To interpret their observations, the team compared the images with cutting-edge simulations that recreate the physics of the Sun's surface.

The study confirms that these striations are signatures of subtle but powerful magnetic fluctuations -- variations of only a hundred gauss, comparable to a typical refrigerator magnet's strength -- that alter the density and opacity of the plasma, shifting the visible surface by mere kilometers. These shifts, known as Wilson depressions, are detectable thanks only to the unique resolving power of the 4-meter primary mirror of the NSF Inouye Solar Telescope, the largest in the world.

"Magnetism is a fundamental phenomenon in the universe, and similar magnetically induced stripes have also been observed in more distant astrophysical objects, such as molecular clouds," shares NSO scientist and co-author of the study Dr. Han Uitenbroek. "Inouye's high resolution, in combination with simulations, allows us to better characterize the behavior of magnetic fields in a broad astrophysical context."

Studying the magnetic architecture of the solar surface is essential for understanding the most energetic events in the Sun's outer atmosphere -- such as flares, eruptions, and coronal mass ejections -- and, consequently, improving space weather predictions. This discovery not only enhances our understanding of this architecture but also opens the door to studying magnetic structures in other astrophysical contexts -- and at small scales once thought unachievable from Earth.

"This is just one of many firsts for the Inouye, demonstrating how it continues to push the frontier of solar research," says NSO Associate Director for the NSF Inouye Solar Telescope, Dr. David Boboltz. "It also underscores Inouye's vital role in understanding the small-scale physics that drive space weather events that impact our increasingly technological society here on Earth."

The paper describing this study, titled "The striated solar photosphere observed at 0.03'' resolution," is now available in The Astrophysical Journal Letters.
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Myth-busting study shows controversial seed oils reduce inflammation | ScienceDaily
New research that used blood markers to measure linoleic acid levels and their relation to cardiometabolic risk adds evidence that this omega-6 fatty acid may help to lower risks for heart disease and type 2 diabetes. The findings challenge claims that seed oils are harmful to cardiometabolic health.


						
Linoleic acid, which is found in vegetable oils -- especially seed oils like soybean and corn oil -- and plant foods, is the primary omega-6 fatty acid consumed in the diet.

"There has been increasing attention on seed oils, with some claiming these oils promote inflammation and raise cardiometabolic risk," said Kevin C. Maki, Ph.D., adjunct professor at the Indiana University School of Public Health-Bloomington and chief scientist at Midwest Biomedical Research. "Our study, based on almost 1,900 people, found that higher linoleic acid in blood plasma was associated with lower levels of biomarkers of cardiometabolic risk, including those related to inflammation."

Maki presented the findings at NUTRITION 2025, the flagship annual meeting of the American Society for Nutrition held in Orlando, Florida.

The new results are consistent with those from observational studies that have shown higher intake of linoleic acid to be associated with lower risks for type 2 diabetes and cardiovascular events, such as heart attacks and strokes.

"Although other studies have assessed relationships between linoleic acid and cardiometabolic risk factors, our study used objective biomarkers rather than diet records or food frequency questionnaires to assess linoleic acid intake," said Maki. "We also measured a range of markers of inflammation and indicators of glucose metabolism."

For the new study, the investigators performed a cross-sectional analysis on data from 1,894 people in an observational cohort focused on Covid-19. They found that higher levels of linoleic acid in plasma -- indicative of dietary intake -- were consistently associated with lower levels of risk factors for cardiovascular disease and type 2 diabetes.

Specifically, study participants with higher linoleic acid showed lower levels of glucose and insulin as well as HOMA-IR, a biomarker of insulin resistance. They also had lower levels of inflammation biomarkers, including C-reactive protein, glycoprotein acetyls, and serum amyloid A.

"We saw consistent results across the different biomarkers measured," Maki said. "People with higher levels of linoleic acid in their blood tended to have a healthier overall risk profile for heart disease and diabetes."

The researchers say that their findings support the need for additional intervention studies to test whether increasing linoleic acid intake improves cardiometabolic risk factors and lowers the incidence of heart attacks, strokes and type 2 diabetes. Next, they plan to investigate how different types of oils with varying fatty acid content affect cardiometabolic risk factors.
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Scientists create living building material that captures CO2 from the air | ScienceDaily
The idea seems futuristic: At ETH Zurich, various disciplines are working together to combine conventional materials with bacteria, algae and fungi. The common goal: to create living materials that acquire useful properties thanks to the metabolism of microorganisms -- "such as the ability to bind CO2 from the air by means of photosynthesis," says Mark Tibbitt, Professor of Macromolecular Engineering at ETH Zurich.


						
An interdisciplinary research team led by Tibbitt has now turned this vision into reality: it has stably incorporated photosynthetic bacteria -- known as cyanobacteria -- into a printable gel and developed a material that is alive, grows and actively removes carbon from the air. The researchers recently presented their "photosynthetic living material" in a study in the journal Nature Communications.

Key characteristic: Dual carbon sequestration

The material can be shaped using 3D printing and only requires sunlight and artificial seawater with readily available nutrients in addition to CO2 to grow. "As a building material, it could help to store CO2 directly in buildings in the future," says Tibbitt, who co-initiated the research into living materials at ETH Zurich.

The special thing about it: the living material absorbs much more CO2 than it binds through organic growth. "This is because the material can store carbon not only in biomass, but also in the form of minerals -- a special property of these cyanobacteria," reveals Tibbitt.

Yifan Cui, one of the two lead authors of the study, explains: "Cyanobacteria are among the oldest life forms in the world. They are highly efficient at photosynthesis and can utilize even the weakest light to produce biomass from CO2 and water."

At the same time, the bacteria change their chemical environment outside the cell as a result of photosynthesis, so that solid carbonates (such as lime) precipitate. These minerals represent an additional carbon sink and -- in contrast to biomass -- store CO2 in a more stable form.




Cyanobacteria as master builders

"We utilize this ability specifically in our material," says Cui, who is a doctoral student in Tibbitt's research group. A practical side effect: the minerals are deposited inside the material and reinforce it mechanically. In this way, the cyanobacteria slowly harden the initially soft structures.

Laboratory tests showed that the material continuously binds CO2 over a period of 400 days, most of it in mineral form -- around 26 milligrams of CO2 per gram of material. This is significantly more than many biological approaches and comparable to the chemical mineralization of recycled concrete (around 7 mg CO2 per gram).

Hydrogel as a habitat

The carrier material that harbours the living cells is a hydrogel -- a gel made of cross-linked polymers with a high water content. Tibbitt's team selected the polymer network so that it can transport light, CO2, water and nutrients and allows the cells to spread evenly inside without leaving the material.

To ensure that the cyanobacteria live as long as possible and remain efficient, the researchers have also optimised the geometry of the structures using 3D printing processes to increase the surface area, increase light penetration and promote the flow of nutrients.




Co-first author Dalia Dranseike: "In this way, we created structures that enable light penetration and passively distribute nutrient fluid throughout the body by capillary forces." Thanks to this design, the encapsulated cyanobacteria lived productively for more than a year, the materials researcher in Tibbitt's team is pleased to report.

Infrastructure as a carbon sink

The researchers see their living material as a low-energy and environmentally friendly approach that can bind CO2 from the atmosphere and supplement existing chemical processes for carbon sequestration. "In the future, we want to investigate how the material can be used as a coating for building facades to bind CO2 throughout the entire life cycle of a building," Tibbitt looks ahead.

There is still a long way to go -- but colleagues from the field of architecture have already taken up the concept and realised initial interpretations in an experimental way.

Two installations in Venice and Milan

Thanks to ETH doctoral student Andrea Shin Ling, basic research from the ETH laboratories has made it onto the big stage at the Architecture Biennale in Venice. "It was particularly challenging to scale up the production process from laboratory format to room dimensions," says the architect and bio-designer, who is also involved in this study.

Ling is doing her doctorate at ETH Professor Benjamin Dillenburger's Chair of Digital Building Technologies. In her dissertation, she developed a platform for biofabrication that can print living structures containing functional cyanobacteria on an architectural scale.

For the Picoplanktonics installation in the Canada Pavilion, the project team used the printed structures as living building blocks to construct two tree-trunk-like objects, the largest around three metres high. Thanks to the cyanobacteria, these can each bind up to 18 kg of CO2 per year -- about as much as a 20-year-old pine tree in the temperate zone.

"The installation is an experiment -- we have adapted the Canada Pavilion so that it provides enough light, humidity and warmth for the cyanobacteria to thrive and then we watch how they behave," says Ling. This is a commitment: The team monitors and maintains the installation on site -- daily. Until November 23.

At the 24th Triennale di Milano, Dafne's Skin is investigating the potential of living materials for future building envelopes. On a structure covered with wooden shingles, microorganisms form a deep green patina that changes the wood over time: A sign of decay becomes an active design element that binds CO2 and emphasises the aesthetics of microbial processes. Dafne's Skin is a collaboration between MAEID Studio and Dalia Dranseike. It is part of the exhibition "We the Bacteria: Notes Toward Biotic Architecture" and runs until November 9.

The photosynthetic living material was created thanks to an interdisciplinary collaboration within the framework of ALIVE (Advanced Engineering with Living Materials). The ETH Zurich initiative promotes collaboration between researchers from different disciplines in order to develop new living materials for a wide range of applications.
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Iron overload: The hidden culprit behind early Alzheimer's in Down syndrome | ScienceDaily
Scientists at the USC Leonard Davis School of Gerontology have discovered a key connection between high levels of iron in the brain and increased cell damage in people who have both Down syndrome and Alzheimer's disease.


						
In the study, researchers found that the brains of people diagnosed with Down syndrome and Alzheimer's disease (DSAD) had twice as much iron and more signs of oxidative damage in cell membranes compared to the brains of individuals with Alzheimer's disease alone or those with neither diagnosis. The results point to a specific cellular death process that is mediated by iron, and the findings may help explain why Alzheimer's symptoms often appear earlier and more severely in individuals with Down syndrome.

"This is a major clue that helps explain the unique and early changes we see in the brains of people with Down syndrome who develop Alzheimer's," said Max Thorwald, lead author of the study and a postdoctoral fellow in the laboratory of University Professor Emeritus Caleb Finch at the USC Leonard Davis School. "We've known for a long time that people with Down syndrome are more likely to develop Alzheimer's disease, but now we're beginning to understand how increased iron in the brain might be making things worse."

Down syndrome and Alzheimer's

Down syndrome is caused by having an extra third copy, or trisomy, of chromosome 21. This chromosome includes the gene for amyloid precursor protein, or APP, which is involved in the production of amyloid-beta (Ab), the sticky protein that forms telltale plaques in the brains of people with Alzheimer's disease.

Because people with Down syndrome have three copies of the APP gene instead of two, they tend to produce more of this protein. By the age of 60, about half of all people with Down syndrome show signs of Alzheimer's disease, which is approximately 20 years earlier than in the general population.

"This makes understanding the biology of Down syndrome incredibly important for Alzheimer's research," said Finch, the study's senior author.




Key findings point to ferroptosis

The research team studied donated brain tissue from individuals with Alzheimer's, DSAD, and those without either diagnosis. They focused on the prefrontal cortex -- an area of the brain involved in thinking, planning, and memory -- and made several important discoveries:
    	Iron levels much higher in DSAD brains: Compared to the other groups, DSAD brains had twice the amount of iron in the prefrontal cortex. Scientists believe this buildup comes from tiny brain blood vessel leaks called microbleeds, which occur more frequently in DSAD than in Alzheimer's and are correlated with higher amounts of APP.
    	More damage to lipid-rich cell membranes: Cell membranes are made of fatty compounds called lipids and can be easily damaged by chemical stress. In DSAD brains, the team found more byproducts of this type of damage, known as lipid peroxidation, compared to amounts in Alzheimer's-only or control brains.
    	Weakened antioxidant defense systems: The team found that the activity of several key enzymes that protect the brain from oxidative damage and repair cell membranes was lower in DSAD brains, especially in areas of the cell membrane called lipid rafts.

Together, these findings indicate increased ferroptosis, a type of cell death characterized by iron-dependent lipid peroxidation, Thorwald explained: "Essentially, iron builds up, drives the oxidation that damages cell membranes, and overwhelms the cell's ability to protect itself."

Lipid rafts: a hotspot for brain changes

The researchers paid close attention to lipid rafts -- tiny parts of the brain cell membrane that play crucial roles in cell signaling and regulate how proteins like APP are processed. They found that in DSAD brains, lipid rafts had much more oxidative damage and fewer protective enzymes compared to Alzheimer's or healthy brains.

Notably, these lipid rafts also showed increased activity of the enzyme b-secretase, which interacts with APP to produce Ab proteins. The combination of more damage and more Ab production may promote the growth of amyloid plaques, thus speeding up Alzheimer's progression in people with Down syndrome, Finch explained.




Rare Down syndrome variants offer insight

The researchers also studied rare cases of individuals with "mosaic" or "partial" Down syndrome, in which the third copy of chromosome 21 is only present in a smaller subset of the body's cells. These individuals had lower levels of APP and iron in their brains and tended to live longer. In contrast, people with full trisomy 21 and DSAD had shorter lifespans and higher levels of brain damage.

"These cases really support the idea that the amount of APP -- and the iron that comes with it -- matters a lot in how the disease progresses," Finch said.

Looking ahead

The team says their findings could help guide future treatments, especially for people with Down syndrome who are at high risk of Alzheimer's. Early research in mice suggests that iron-chelating treatments, in which medicine binds to the metal ions and allows them to leave the body, may reduce indicators of Alzheimer's pathology, Thorwald noted.

"Medications that remove iron from the brain or help strengthen antioxidant systems might offer new hope," Thorwald said. "We're now seeing how important it is to treat not just the amyloid plaques themselves but also the factors that may be hastening the development of those plaques."

The study was supported by the National Institute on Aging, National Institutes of Health (P30-AG066519, R01-AG051521, P50-AG05142, P01-AG055367, R01AG079806, P50-AG005142, P30-AG066530, P30-AG066509, U01-AG006781, T32AG052374, R01AG079806-02S1, and T32-AG000037); Cure Alzheimer's Fund; Simons Collaboration on Plasticity in the Aging Brain (SF811217); Larry L. Hillblom Foundation (2022-A-010-SUP); Glenn Foundation for Medical Research; and the Navigage Foundation Award.
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Plants' secret second roots rewrite the climate playbook | ScienceDaily
Plants and trees extend their roots into the earth in order to draw nutrients and water from the soil -- however, these roots are thought to decline as they move deeper underground. But a new study by a multi-institutional team of scientists shows that many plants develop a second, deeper layer of roots -- often more than three feet underground -- to access additional nourishment.


						
Published in the journal Nature Communications, the study reveals previously unrecognized rooting patterns, altering our understanding of how ecosystems

respond to changing environmental conditions. More importantly, the study suggests that plants might transport and store fixed carbon deeper than currently thought -- welcome news at a time when CO2 levels are at an 800,000-year high, according to the World Meteorological Organization's "State of the Global Climate Report" issued in March.

"Understanding where plants grow roots is vital, as deeper roots could mean safer and longer-term carbon storage. Harsher conditions at depth may prevent detritus-feeding microbes from releasing carbon back to the atmosphere," says Mingzhen Lu, an assistant professor at New York University's Department of Environmental Studies and the paper's lead author. "Our current ecological observations and models typically stop at shallow depths; by not looking deep enough, we may have overlooked a natural carbon storage mechanism deep underground."

The research team used data from the National Ecological Observatory Network (NEON) to examine rooting depth. The NEON database includes samples collected from soil 6.5 feet below the surface, far deeper than the one-foot depth of traditional ecological studies. This unprecedented depth allowed researchers to detect additional root patterns, spanning diverse climate zones and ecosystem types from the Alaskan tundra to Puerto Rico's rainforests.

The scientists' work focused on three questions -- all with the aim of better understanding plants' resource acquisition strategies and their resilience in response to environmental change:
    	How does the abundance of roots change with depth?
    	What are the factors that impact the distribution of roots with depth?
    	Are nutrients in deeper soils equally, under-, or over-exploited by fine roots compared with surface soil?

The researchers found that nearly 20 percent of the studied ecosystems had roots that peaked twice across depth -- a phenomenon called "bimodality." In these cases, plants developed a second, deeper layer of roots, often more than three feet underground and aligning with nutrient-rich soil layers.This suggests that plants grew -- in previously unknown ways -- to exploit additional sustenance.




"The current understanding of roots is literally too shallow. Above ground, we have eagle vision -- thanks to satellites and remote sensing. But below ground, we have mole vision," observes Lu, former Omidyar Fellow who conducted part of this research at the Sante Fe Institute and as a postdoctoral affiliate at Stanford University. "Our limited below ground vision means that we cannot estimate the full ability of plants to store carbon deep in the soil."

"Deep plant roots may cause increased soil carbon storage in one condition or lead to losses in other conditions due to a stimulation of soil microbes," suggests coauthor Avni Malhotra, the lead author of a companion study that investigated the connection between root distribution and soil carbon stock. "This discovery opens a new avenue of inquiry into how bimodal rooting patterns impact the dynamics of nutrient flow, water cycling, and the long-term capacity of soils to store carbon."

"Scientists and policymakers need to look deeper beneath the Earth's surface as these overlooked deep soil layers may hold critical keys for understanding and managing ecosystems in a rapidly changing climate," concludes Lu. "The good news is plants may already be naturally mitigating climate change more actively than we've realized -- we just need to dig deeper to fully understand their potential."

The study also included researchers from Boston College, Columbia University, Dartmouth College, the Morton Arboretum, the National Ecological Observatory Network-Battelle, Pacific Northwest National Laboratory, and Stanford University.
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Hydrogen fuel at half the cost? Scientists reveal a game-changing catalyst | ScienceDaily
To reduce greenhouse gas emissions and combat climate change, the world urgently needs clean and renewable energy sources. Hydrogen is one such clean energy source that has zero carbon content and stores much more energy by weight than gasoline. One promising method to produce hydrogen is electrochemical water-splitting, a process that uses electricity to break down water into hydrogen and oxygen. In combination with renewable energy sources, this method offers a sustainable way to produce hydrogen and can contribute to the reduction of greenhouse gases.


						
Unfortunately, large-scale production of hydrogen using this method is currently unfeasible due to the need for catalysts made from expensive rare earth metals. Consequently, researchers are exploring more affordable electrocatalysts, such as those made from diverse transition metals and compounds. Among these, transition metal phosphides (TMPs) have attracted considerable attention as catalysts for the hydrogen generating side of the process, known as hydrogen evolution reaction (HER), due to their favorable properties. However, they perform poorly in the oxygen evolution reaction (OER), which reduces overall efficiency. Previous studies suggest that Boron (B)-doping into TMPs can enhance both HER and OER performance, but until now, making such materials has been a challenge.

In a recent breakthrough, a research team led by Professor Seunghyun Lee, including Mr. Dun Chan Cha, from the Hanyang University ERICA campus in South Korea, has developed a new type of tunable electrocatalyst using B-doped cobalt phosphide (CoP) nanosheets. Prof. Lee explains, "We have successfully developed cobalt phosphides-based nanomaterials by adjusting boron doping and phosphorus content using metal-organic frameworks. These materials have better performance and lower cost than conventional electrocatalysts, making them suitable for large-scale hydrogen production." Their study was published in the journal Small on March 19, 2025.

The researchers used an innovative strategy to create these materials, using cobalt (Co) based metal-organic frameworks (MOFs). "MOFs are excellent precursors for designing and synthesizing nanomaterials with the required composition and structures," notes Mr. Cha. First, they grew Co-MOFs on nickel foam (NF). They then subjected this material to a post-synthesis modification (PSM) reaction with sodium borohydride (NaBH4), resulting in the integration of B. This was followed up by a phosphorization process using different amounts of sodium hypophosphite (NaH2PO2), resulting in the formation of three different samples of B-doped cobalt phosphide nanosheets (B-CoP@NC/NF).

Experiments revealed that all three samples had a large surface area and a mesoporous structure, key features that improve electrocatalytic activity. As a result, all three samples exhibited excellent OER and HER performance, with the sample made using 0.5 grams of NaH2PO2 (B-CoP0.5@NC/NF) demonstrating the best results. Interestingly, this sample exhibited overpotentials of 248 and 95 mV for OER and HER, respectively, much lower than previously reported electrocatalysts.

An alkaline electrolyzer developed using the B-CoP0.5@NC/NF electrodes showed a cell potential of just 1.59 V at a current density of 10 mA cm-2, lower than many recent electrolyzers. Additionally, at high current densities above 50 mA cm-2, it even outperformed the state-of-the-art RuO2/NF(+) and 20% Pt-C/NF([?]) electrolyzer, while also demonstrating long-term stability, maintaining its performance for over 100 hours.

Density functional theory (DFT) calculations supported these findings and clarified the role of B-doping and adjusting P content. Specifically, B-doping and optimal P content led to effective interaction with reaction intermediates, leading to exceptional electrocatalytic performance.

"Our findings offer a blueprint for designing and synthesizing next-generation high-efficiency catalysts that can drastically reduce hydrogen production costs," says Prof. Lee. "This is an important step towards making large-scale green hydrogen production a reality, which will ultimately help in reducing global carbon emissions and mitigating climate change.
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        This team tried to cross 140 miles of treacherous ocean like stone-age humans--and it worked
        Experiments and simulations show Paleolithic paddlers could outwit the powerful Kuroshio Current by launching dugout canoes from northern Taiwan and steering southeast toward Okinawa. A modern crew proved it, carving a Stone-Age-style canoe, then paddling 225 km in 45 hours guided only by celestial cues--demonstrating our ancestors' daring and mastery of the sea.

      

      
        Farming without famine: Ancient Andean innovation rewrites agricultural origins
        Farming didn t emerge in the Andes due to crisis or scarcity it was a savvy and resilient evolution. Ancient diets remained stable for millennia, blending wild and domesticated foods while cultural innovations like trade and ceramics helped smooth the transition.

      

      
        Scientists reveal your morning coffee flips an ancient longevity switch
        Caffeine appears to do more than perk you up--it activates AMPK, a key cellular fuel sensor that helps cells cope with stress and energy shortages. This could explain why coffee is linked to better health and longer life.

      

      
        Mammals didn't walk upright until late--here's what fossils reveal
        The shift from lizard-like sprawl to upright walking in mammals wasn't a smooth climb up the evolutionary ladder. Instead, it was a messy saga full of unexpected detours. Using new bone-mapping tech, researchers discovered that early mammal ancestors explored wildly different postures before modern upright walking finally emerged--much later than once believed.

      

      
        The brain's sweet spot: How criticality could unlock learning, memory--and prevent Alzheimer's
        Our brains may work best when teetering on the edge of chaos. A new theory suggests that criticality a sweet spot between order and randomness is the secret to learning, memory, and adaptability. When brains drift from this state, diseases like Alzheimer s can take hold. Detecting and restoring criticality could transform diagnosis and treatment.

      

      
        Scientists reprogram ant behavior using brain molecules
        Leafcutter ants live in highly organized colonies where every ant has a job, and now researchers can flip those jobs like a switch. By manipulating just two neuropeptides, scientists can turn defenders into nurses or gardeners into leaf harvesters. These same molecular signals echo in naked mole-rats, revealing a deep evolutionary link in how complex societies function, even across species. The study also teases out a possible connection to insulin and longevity, hinting at new frontiers in under...

      

      
        Mojave lichen defies death rays--could life thrive on distant exoplanets?
        Lichen from the Mojave Desert has stunned scientists by surviving months of lethal UVC radiation, suggesting life could exist on distant planets orbiting volatile stars. The secret? A microscopic "sunscreen" layer that protects their vital cells--even though Earth's atmosphere already filters out such rays.

      

      
        Wildfires threaten water quality for up to eight years after they burn
        Wildfires don't just leave behind scorched earth--they leave a toxic legacy in Western rivers that can linger for nearly a decade. A sweeping new study analyzed over 100,000 water samples from more than 500 U.S. watersheds and revealed that contaminants like nitrogen, phosphorus, organic carbon, and sediment remain elevated for up to eight years after a blaze.

      

      
        How brain cells meant to help may be making depression worse
        Major depressive disorder affects hundreds of millions worldwide, but a key to understanding its origins may lie in the brain's immune system. New findings spotlight astrocytes--previously overshadowed by microglia--as major players in neuroinflammation that drives depression. These star-shaped brain cells, once thought to only support neurons, are now shown to regulate communication between brain cells and even trigger or amplify inflammatory responses.

      

      
        Ancient carbon 'burps' caused ocean oxygen crashes -- and we're repeating the mistake
        Over 300 million years ago, Earth experienced powerful bursts of carbon dioxide from natural sources--like massive volcanic eruptions--that triggered dramatic drops in ocean oxygen levels. These ancient "carbon burps" led to dangerous periods of ocean anoxia, which stalled marine biodiversity and potentially reshaped entire ecosystems. In a groundbreaking study, scientists combined high-tech climate models with deep-ocean sediment analysis to pinpoint five such events. The alarming part? Today's hu...

      

      
        COVID-19 protein triggers immune attacks on healthy cells -- but a common drug can stop it
        Scientists have uncovered a stealthy tactic used by the SARS-CoV-2 virus: one of its proteins can leap from infected cells to healthy ones, effectively tricking the immune system into attacking the body's own tissues.

      

      
        Killer whales use seaweed tools in never-before-seen grooming behavior
        Southern resident killer whales have been caught on drone video crafting kelp tools to groom one another--an unprecedented behavior among marine mammals. This suggests a deeper social and cultural complexity in these endangered whales than scientists previously realized.

      

      
        These frozen wolf cubs ate a woolly rhino--and changed what we know about dogs
        Two Ice Age wolf pups once thought to be early dogs have been identified as wild wolves, thanks to detailed DNA and chemical analysis. Surprisingly, their last meals included woolly rhinoceros meat--an unusually large prey item--hinting that ancient wolves might have been bigger than today's. Their well-preserved bodies also shed light on wolf pack behavior and Ice Age environments.

      

      
        Mining the deep could mute the songs of sperm whales
        Exploration for deep-sea minerals in the Clarion Clipperton Zone threatens to disrupt an unexpectedly rich ecosystem of whales and dolphins. New studies have detected endangered species in the area and warn that mining noise and sediment could devastate marine life that relies heavily on sound. With so little known about these habitats, experts urge immediate assessment of the risks.

      

      
        USC's new AI implant promises drug-free relief for chronic pain
        A groundbreaking wireless implant promises real-time, personalized pain relief using AI and ultrasound power no batteries, no wires, and no opioids. Designed by USC and UCLA engineers, it reads brain signals, adapts on the fly, and bends naturally with your spine.

      

      
        No kings buried here: DNA unravels the myth of incestuous elites in ancient Ireland
        DNA from a skull found at Newgrange once sparked theories of a royal incestuous elite in ancient Ireland, but new research reveals no signs of such a hierarchy. Instead, evidence suggests a surprisingly egalitarian farming society that valued collective living and ritual.

      

      
        Your CT scan could reveal a hidden heart risk--and AI just learned how to find it
        What if your old chest scans--taken years ago for something unrelated--held a secret warning about your heart? A new AI tool called AI-CAC, developed by Mass General Brigham and the VA, can now comb through routine CT scans to detect hidden signs of heart disease before symptoms strike.

      

      
        123,000-year-old coral fossils warn of sudden, catastrophic sea-level rise
        Ancient coral fossils from the remote Seychelles islands have unveiled a dramatic warning for our future--sea levels can rise in sudden, sharp bursts even when global temperatures stay steady.

      

      
        This triple-layer sunlight catalyst supercharges green hydrogen by 800%
        Researchers in Sweden have developed a powerful new material that dramatically boosts the ability to create hydrogen fuel from water using sunlight, making the process eight times more effective than before. This breakthrough could be key to fueling heavy transport like ships and planes with clean, renewable energy.

      

      
        From cursed tomb fungus to cancer cure: Aspergillus flavus yields potent new drug
        In a remarkable twist of science, researchers have transformed a fungus long associated with death into a potential weapon against cancer. Found in tombs like that of King Tut, Aspergillus flavus was once feared for its deadly spores. Now, scientists at Penn and several partner institutions have extracted a new class of molecules from it--called asperigimycins--that show powerful effects against leukemia cells. These compounds, part of a rare group known as fungal RiPPs, were bioengineered for pote...

      

      
        Quantum dice: Scientists harness true randomness from entangled photons
        Scientists at NIST and the University of Colorado Boulder have created CURBy, a cutting-edge quantum randomness beacon that draws on the intrinsic unpredictability of quantum entanglement to produce true random numbers. Unlike traditional methods, CURBy is traceable, transparent, and verifiable thanks to quantum physics and blockchain-like protocols. This breakthrough has real-world applications ranging from cybersecurity to public lotteries--and it's open source, inviting the world to use and bui...

      

      
        Affordances in the brain: The human superpower AI hasn't mastered
        Scientists at the University of Amsterdam discovered that our brains automatically understand how we can move through different environments--whether it's swimming in a lake or walking a path--without conscious thought. These "action possibilities," or affordances, light up specific brain regions independently of what's visually present. In contrast, AI models like ChatGPT still struggle with these intuitive judgments, missing the physical context that humans naturally grasp.

      

      
        Rice University breakthrough keeps CO2 electrolyzers running 50x longer
        A Rice University team discovered that bubbling CO2 through a mild acid dramatically improves the lifespan and efficiency of electrochemical devices that convert CO2 into useful fuels. This simple trick prevents salt buildup--a major barrier to commercialization--by altering local chemistry just enough to keep salts dissolved and flowing. The result? A device that ran for over 4,500 hours without clogging, using common catalysts and scalable technology. It's a breakthrough that could make green CO2...

      

      
        What the Universe tried to hide: The 21-centimeter signal explained
        Scientists are peering into the universe's mysterious Cosmic Dawn using the faint whispers of hydrogen radio waves emitted over 13 billion years ago. These signals, particularly the elusive 21-centimeter signal, offer rare insights into the masses and behavior of the universe's first stars--Population III stars--whose light we can't see directly. With projects like REACH and the upcoming Square Kilometre Array (SKA), researchers are unlocking a cosmic treasure map, predicting how early starlight an...

      

      
        Breakthrough magnet design could transform MRI and magnetic levitation
        Two German physicists have reimagined how to create powerful and uniform magnetic fields using compact permanent magnets. By overcoming the limitations of the well-known Halbach array, which works only with infinitely long magnets, they engineered innovative 3D magnet arrangements that work in practical, finite-size setups. Their designs not only boost field strength but also enhance homogeneity, verified through real-world experiments. This game-changing advancement could help bring affordable M...

      

      
        Half of today's jobs could vanish--Here's how smart countries are future-proofing workers
        AI is revolutionizing the job landscape, prompting nations worldwide to prepare their workforces for dramatic changes. A University of Georgia study evaluated 50 countries' national AI strategies and found significant differences in how governments prioritize education and workforce training. While many jobs could disappear in the coming decades, new careers requiring advanced AI skills are emerging. Countries like Germany and Spain are leading with early education and cultural support for AI, bu...

      

      
        Quantum breakthrough: 'Magic states' now easier, faster, and way less noisy
        Quantum computing just got a significant boost thanks to researchers at the University of Osaka, who developed a much more efficient way to create "magic states"--a key component for fault-tolerant quantum computers. By pioneering a low-level, or "level-zero," distillation method, they dramatically reduced the number of qubits and computational resources needed, overcoming one of the biggest obstacles: quantum noise. This innovation could accelerate the arrival of powerful quantum machines capable...

      

      
        FDA under fire: Data discrepancies uncovered in AstraZeneca approval trials
        Fresh concerns have emerged about the platelet studies underpinning the FDA approval of ticagrelor, AstraZeneca's multibillion-dollar heart drug. A new BMJ investigation reveals data discrepancies, missing lab readings, and questions about the integrity of the trial process. Notably, key results reported in a major cardiology journal were inaccurately presented, and some study contributors were omitted or denied involvement. With generics on the horizon, critics say these revelations highlight po...

      

      
        Sharpest-ever solar view shows tiny stripes driving big space storms
        A stunning breakthrough in solar physics reveals ultra-fine magnetic structures on the Sun's surface, thanks to the NSF's Inouye Solar Telescope. Researchers captured never-before-seen bright and dark stripes--called striations--within solar granules. These features behave like magnetic curtains rippling across the Sun, reshaping our understanding of magnetic field dynamics at microscopic scales. By achieving a resolution of just 20 kilometers, scientists could match real observations with simulati...

      

      
        Scientists create living building material that captures CO2 from the air
        Researchers at ETH Zurich have developed an astonishing new material: a printable gel that's alive. Infused with ancient cyanobacteria, this "photosynthetic living material" not only grows but also removes CO2 from the air, twice over. The bacteria use sunlight to produce biomass and simultaneously trigger mineral formation, which locks carbon away in a stable form. Engineered hydrogels provide an ideal habitat for these microbes, allowing them to thrive for over a year. Even more captivating, th...

      

      
        Plants' secret second roots rewrite the climate playbook
        Beneath the forest floor lies an overlooked secret: many plants grow a second set of roots far deeper than expected sometimes over three feet down tapping into hidden nutrient stores and potentially locking away carbon. A new study using deep-soil data from NEON reveals that these "bimodal" rooting systems are more common than previously believed and may play a powerful role in stabilizing ecosystems and fighting climate change.

      

      
        Hydrogen fuel at half the cost? Scientists reveal a game-changing catalyst
        Researchers in South Korea have developed a powerful and affordable new material for producing hydrogen, a clean energy source key to fighting climate change. By fine-tuning boron-doping and phosphorus levels in cobalt phosphide nanosheets, the team dramatically boosted the efficiency of both sides of water-splitting reactions. This advancement could unlock scalable, low-cost hydrogen production, transforming how we generate clean fuel.

      

      
        Gravity, flipped: How tiny, porous particles sink faster in ocean snowstorms
        In a twist on conventional wisdom, researchers have discovered that in ocean-like fluids with changing density, tiny porous particles can sink faster than larger ones, thanks to how they absorb salt. Using clever lab experiments with 3D-printed agar shapes in a stratified water column, scientists demonstrated that porosity and particle shape are major factors in determining sinking speed. This finding could revolutionize how we understand carbon cycling, microplastic behavior, and even strategies...

      

      
        Photon-powered alchemy: How light is rewriting fossil fuel chemistry
        Researchers at Colorado State University have developed a new photoredox catalysis system that uses visible light mimicking photosynthesis to drive energy-intensive chemical reactions at room temperature. This groundbreaking process could significantly reduce the energy required in chemical manufacturing, especially in industries reliant on fossil fuels.

      

      
        Frozen in time: Transparent worms keep genes in sync for 20 million years
        Even after 20 million years of evolutionary separation, two tiny worm species show astonishingly similar patterns in how they turn genes on and off. Scientists mapped every cell s activity during development and found that genes essential to basic functions like muscles and digestion remained largely unchanged. Meanwhile, genes linked to sensing the environment or brain-like functions showed more variation. This high-resolution comparison of every cell between species may help unlock mysteries of...

      

      
        Cold sore virus hijacks human genome in 3D--and scientists found its weak spot
        Cold sore-causing HSV-1 doesn't just hijack cells it reconfigures the entire architecture of our DNA to aid its invasion. Researchers discovered that it actively reshapes the 3D structure of the human genome within hours of infection, using host enzymes like topoisomerase I to gain access to crucial genetic machinery. Stunningly, blocking this single enzyme shuts the virus down completely.

      

      
        Fitness trackers are failing millions -- this fix could change everything
        Fitness trackers often fail people with obesity by underestimating their energy burn, leading to discouraging results and misguided health data. A scientist's frustrating experience in an exercise class with his mother-in-law where her effort wasn t reflected on the fitness leaderboard sparked a breakthrough. His team at Northwestern developed a new open-source smartwatch algorithm that accurately captures energy expenditure for individuals with obesity, rivaling gold-standard lab equipment and p...
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This team tried to cross 140 miles of treacherous ocean like stone-age humans-and it worked | ScienceDaily
When and where the earliest modern human populations migrated and settled in East Asia are relatively well known. However, how these populations moved between islands on treacherous stretches of sea is still shrouded in mystery. In two new papers, researchers from Japan and Taiwan led by Professor Yousuke Kaifu from the University of Tokyo simulated methods ancient peoples would have needed to accomplish these journeys, and they used period-accurate tools to create the canoes to make the journey themselves.
Evidence suggests that around 30,000 years ago, humans made a sea crossing -- without maps, metal tools or modern boats -- from what is now called Taiwan to some of the islands in southern Japan, including Okinawa. To find out exactly how this crossing was made, a team led by Kaifu performed various simulations and experiments, including the use of physical recreations, to learn the most plausible way this crossing was achieved. Of the two newly published papers, one used numerical simulations to cross one of the strongest currents in the world called the Kuroshio. The simulation showed that a boat made using tools of the time, and the right know-how, could have navigated the Kuroshio. The other paper detailed the construction and testing of a real boat which the team successfully used to paddle between islands over 100 kilometers apart.
"We initiated this project with simple questions: 'How did Paleolithic people arrive at such remote islands as Okinawa?' 'How difficult was their journey?' 'And what tools and strategies did they use?'" said Kaifu. "Archaeological evidence such as remains and artifacts can't paint a full picture as the nature of the sea is that it washes such things away. So, we turned to the idea of experimental archaeology, in a similar vein to the Kon-Tiki expedition of 1947 by Norwegian explorer Thor Heyerdahl."
In 2019, the team constructed a 7.5-meter dugout canoe called Sugime, built from a single Japanese cedar trunk, using replicas of 30,000-year-old stone tools. They paddled it 225 kilometers (140 miles) from eastern Taiwan to Yonaguni Island in the Ryukyu group, which includes Okinawa, navigating only by the sun, stars, swells and their instincts. They paddled for over 45 hours across the open sea, mostly without any visibility of the island they were targeting. Several years later, the team is still unpicking some of the data they created during the experiment, and use what they find to inform or test models about various aspects of sea crossings in that region so long ago.
"A dugout canoe was our last candidate among the possible Paleolithic seagoing crafts for the region. We first hypothesized that Paleolithic people used rafts, but after a series of experiments, we learned that these rafts are too slow to cross the Kuroshio and are not durable enough," said Kaifu. "We now know that these canoes are fast and durable enough to make the crossing, but that's only half the story. Those male and female pioneers must have all been experienced paddlers with effective strategies and a strong will to explore the unknown. We do not think a return journey was possible. If you have a map and know the flow pattern of the Kuroshio, you can plan a return journey, but such things probably did not take place until much later in history."
To understand whether such a journey could have been made in different circumstances, the team also used advanced ocean models to simulate hundreds of virtual voyages. These simulations tested different starting points, seasons and paddling strategies under both modern and ancient ocean conditions.
"I major in oceanography and use numerical methods and particle tracking techniques to research things like eel and salmon migrations, pumice drift after volcanic eruptions, and oil spills in the Gulf of Mexico," said Yu-Lin Chang from the Japan Agency for Marine-Earth Science and Technology, and a visiting researcher at UTokyo and lead author of one of the papers in this study. "The Kuroshio Current is generally considered dangerous to navigate. I thought if you entered it, you could only drift aimlessly. But the results of our simulations went far beyond what I had imagined. I'm pleased this work helped illuminate how ocean voyages may have occurred 30,000 years ago."
The simulations helped fill gaps that a one-time experiment could not. They revealed that launching from northern Taiwan offered a better chance of success than from further south, and that paddling slightly southeast rather than directly at the destination was essential for compensating against the powerful current. These findings suggest a high level of strategic seafaring knowledge among early modern humans.
"Scientists try to reconstruct the processes of past human migrations, but it is often difficult to examine how challenging they really were. One important message from the whole project was that our Paleolithic ancestors were real challengers. Like us today, they had to undertake strategic challenges to advance," said Kaifu. "For example, the ancient Polynesian people had no maps, but they could travel almost the entire Pacific. There are a variety of signs on the ocean to know the right direction, such as visible land masses, heavenly bodies, swells and winds. We learned parts of such techniques ourselves along the way."
Funding: This work was financially supported by JSPS KAKENHI grant JP18H03596.
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Farming without famine: Ancient Andean innovation rewrites agricultural origins | ScienceDaily
In the Andes, the rise of agriculture to replace foraging was not the result of hardship and resource scarcity, but instead a time of economic resilience and innovation, according to a study published June 25, 2025 in the open-access journal PLOS One by Luis Flores-Blanco of the University of California Davis and Arizona State University, U.S., and colleagues.


						
The transition from foraging to farming was a major shift in human history that laid the foundations for the expansion of modern civilization. The current prevailing view is that this transition was a time of hardship, with communities forced to rely on crops due to growing human populations and dwindling wild food resources. In this study, Flores-Blanco and colleagues examine the diet of people living in the Andes throughout this transitional period.

The researchers interpreted ancient diets by measuring ratios of Carbon and Nitrogen isotopes from the bones of 16 individuals buried at the sites of Kaillachuro and Jiskairumoko in the Lake Titicaca Basin. Both sites were inhabited from approximately 5,000 to 3,000 years ago, during the transition from foraging to farming. Isotope signatures indicate a high proportion (84%) of plant material in the diet, supplemented by a smaller proportion of meat from large mammals. These proportions are not only consistent throughout this transitional time period at both sites, they are also identical to those of earlier foraging communities and later farming communities.

Altogether, these results contradict the image of an agricultural shift driven by hardship, and instead reveal that food resources remained consistent for thousands of years. Wild foods were increasingly managed and domesticated, creating mixed foraging-farming economies. The authors propose that this economic resilience was likely aided by certain cultural advances happening at this time, including expanding trade networks and innovations in ceramic and archery technologies.

Luis Flores-Blanco adds: "Our research shows that the origin of agriculture in the Titicaca Basin was a resilient process. Ancient Andean peoples relied on their deep knowledge of harvesting wild plants like potatoes and quinoa, as well as hunting camelids. With this understanding of their environment, they effectively managed their resources -- domesticating both plants and animals -- and gradually incorporated these domesticated species into their diet. So, the first Altiplano farmers continued to rely on the same foods consumed by Archaic foragers. In this research, we show that this Andean economy path made this transition both beneficial and stable."

"These discoveries come from integrating contributions from different specialized fields, from extracting dietary information from bones, analyzing macrobotanical remains, and running statistical analyses."

Luisa Hinostroza adds: "This article challenges the traditional idea that the transition to agriculture occurred out of necessity or periods of crisis. Our findings demonstrate, instead, that in the Altiplano, it was a process marked by stability and food sufficiency sustained for thousands of years. These results constitute crucial evidence revealing the capacity of Andean societies to efficiently manage their resources, such as tubers and grains, and maintain long-term stability."

Funding: National Science Foundation grant (SBR-9816313) awarded to MA. The Rust Family Foundation (RFF-2021-146 and RFF-2023-212), the American Philosophical Society (2021), Carlos Brignardello Grant (IFEA 2020), National Geographic Society (EC-97351R-23), and the University of California, Davis to LFB.
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Scientists reveal your morning coffee flips an ancient longevity switch | ScienceDaily
A new study from the Cellular Ageing and Senescence laboratory at Queen Mary University of London's Cenfre for Molecular Cell Biology, reveals how caffeine -- the world's most popular neuroactive compound -- might do more than just wake you up. The study in the journal Microbial Cell shows how caffeine could play a role in slowing down the ageing process at a cellular level.


						
Caffeine has long been linked to potential health benefits, including reduced risk of age-related diseases. But how it works inside our cells, and what exactly are its connections with nutrient and stress responsive gene and protein networks has remained a mystery -- until now.

In new research published by scientists studying fission yeast -- a single-celled organism surprisingly similar to human cells -- researchers found that caffeine affects ageing by tapping into an ancient cellular energy system.

A few years ago, the same research team found that caffeine helps cells live longer by acting on a growth regulator called TOR (Target of Rapamycin). TOR is a biological switch that tells cells when to grow, based on how much food and energy is available. This switch has been controlling energy and stress responses in living things for over 500 million years.

But in their latest study, the scientists made a surprising discovery: caffeine doesn't act on this growth switch directly. Instead, it works by activating another important system called AMPK, a cellular fuel gauge that is evolutionarily conserved in yeast and humans.

"When your cells are low on energy, AMPK kicks in to help them cope," explains Dr Charalampos (Babis) Rallis, Reader in Genetics, Genomics and Fundamental Cell Biology at Queen Mary University of London, the study's senior author. "And our results show that caffeine helps flip that switch."

Interestingly, AMPK is also the target of metformin, a common diabetes drug that's being studied for its potential to extend human lifespan together with rapamycin.

Using their yeast model, the researchers showed that caffeine's effect on AMPK influences how cells grow, repair their DNA, and respond to stress -- all of which are tied to ageing and disease.

"These findings help explain why caffeine might be beneficial for health and longevity," said Dr John-Patrick Alao the postdoctoral research scientist leading this study. "And they open up exciting possibilities for future research into how we might trigger these effects more directly -- with diet, lifestyle, or new medicines."

So, the next time you reach for your coffee, you might be doing more than just boosting your focus -- you could also be giving your cells a helping hand.
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Mammals didn't walk upright until late-here's what fossils reveal | ScienceDaily
For over a century, scientists have puzzled over a fundamental mystery in our evolutionary history: how did mammals go from sprawling like lizards to striding like cats and dogs? This transition -- from a sprawled stance (like a lizard) to an upright (parasagittal) posture -- marked a pivotal moment in mammal evolution. While the earliest non-mammalian synapsids, the ancestors of living mammals, had a sprawling posture, researchers debated when and how the upright postures of modern mammals evolved.


						
Now, a groundbreaking study in PLOS Biology led by Dr. Robert Brocklehurst, a former postdoctoral fellow in the Department of Organismic and Evolutionary Biology (OEB) at Harvard University, offers a surprising answer: the path to upright posture wasn't linear, but full of unexpected detours, evolutionary experimentation, and dramatic anatomical upheaval.

"The evolution of mammals has previously been characterized as a series of steps from sprawling, to semi-sprawling, to upright," said Brocklehurst. "However, what we discovered was a more nonlinear evolutionary progression throughout mammalian history."

All mammals -- from bats and whales to moles and humans -- share a distinctive way of moving: they hold their limbs underneath their bodies, unlike the sprawling posture with limbs out to the side. This posture enables more efficient movement and is tied to mammals' ability to adapt to diverse lifestyles, from digging to flying. This dramatic transition was also accompanied by big changes in limb bone shape and mechanics. To assess these changes, the team analyzed the humerus (upper arm bone) of over 60 non-mammalian synapsid fossils and 140 living animals, including mammals, reptiles and amphibians.

Using a novel analytical technique, pioneered in senior author Professor Stephanie Pierce's lab (also in OEB), researchers mapped each bone's surface to measure traits like length, mass distribution, muscle leverage, and torsion (the degree to which the bone twists along its length). These traits correlate with specific modes of locomotion and allowed the researchers to reconstruct posture and locomotion in the fossils.

"By correlating bone shape and limb biomechanics with posture, we could test how well the fossil bones were optimized for specific functional tasks, like upright walking versus sprawled walking," Brocklehurst said. The researchers achieved this by mapping the fossil non-mammalian synapsids onto a functional adaptive landscape, similar to a topographic map, with peaks and valleys that relate to high and low performance of different locomotor postures.

"We expected to see a neat progression -- from sprawling pelycosaurs to a bit more upright therapsids, then cynodonts, then fully upright mammals," said Brocklehurst. "Instead, we found bursts of innovation."

The findings suggest that mammal evolution involved a series of adaptive radiations, with each major ancestral groups exploring a range of forelimb functions and postures -- some of which were closer to modern mammals, others not.




"The path to upright posture wasn't a straight line," says Pierce, "the ancestors of mammals weren't steps on a ladder with modern mammals at the top. Mammals have been evolving and radiating into many different niches and habitats throughout their history, and their postures reflect that variation."

One fossil, a close relative of today's marsupials and placentals, showed bone features consistent with a modern upright gait, suggesting that fully parasagittal postures evolved relatively late in mammalian history as opposed to previously held hypotheses. This result supports recent work from the same lab on the backbone and hindlimb.

"Our work challenges the idea that posture changed gradually and early on," said Pierce, "instead, it shows that upright posture and locomotion were a late evolutionary innovation, not an early defining trait of the mammalian lineage."

The researchers also challenge the long-held idea that the earliest non-mammalian synapsids sprawled in a similar way to living lizards or crocodiles. "Our study showed that most synapsid limbs functioned differently than those of modern reptiles. They're not just copies of reptiles, but distinctive animals in their own right that are a little different from anything that's alive today," says co-author Kenneth Angielczyk of Chicago's Field Museum.

To compare such a wide range of bones -- spanning hundreds of species, including those hundreds of millions of years apart in age and wildly different in shape -- the team had to overcome major technical hurdles. Traditional methods that describe shape in similar structures didn't work. So, the team re-engineered an existing R software package designed for a different task, transforming it into a novel "slice-based" landmarking tool tailored for this study. Co-author Magdalen Mercado, former undergraduate student in the Integrative Biology program at Harvard, helped gather the extensive dataset as part of her senior thesis and research in the Pierce lab.

The study builds on a rich scientific legacy -- both at Harvard and in paleontology. Pierce, who is also Curator of Vertebrate Paleontology in the Museum of Comparative Zoology (MCZ), noted that, "Researchers and former MCZ curators, like Alfred Sherwood Romer and Farish Jenkins, Jr., were grappling with these same questions a century ago. Now, with new tools and data, we can revisit those ideas and see the story more clearly."

This study marks the first large-scale evolutionary analysis of mammalian posture using quantitative biomechanics. But that's just the beginning. The team is now building detailed models of forelimbs in select fossil species to understand how joints and muscles functioned in ancient animals, offering even deeper insights into the evolution of mammalian motion.




As Brocklehurst put it: "Understanding how mammals came to walk upright isn't just about bones, it's about uncovering the dynamic history of life on Earth."

Funding was provided by the US National Science Foundation (DEB1754459 and DEB1754502), by the Harvard Museum of Comparative Zoology and the Wetmore Colles Fund.

Robert Brocklehurst is currently a postdoctoral research associate in the Department of Biological Sciences at the University of Massachusetts, Lowell. Magdalen Mercado is currently a graduate student in the Committee on Evolutionary Biology at the University of Chicago.
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The brain's sweet spot: How criticality could unlock learning, memory-and prevent Alzheimer's | ScienceDaily
In a new paper with implications for preventing Alzheimer's disease and other neurological disorders, Keith Hengen, an associate professor of biology in Arts & Sciences at Washington University in St. Louis, suggests a new comprehensive approach to understanding how the brain works and the rules it must follow to reach optimal performance.


						
"There's a common perception that the human brain is the most complicated thing in the universe," Hengen said. "The brain is immensely powerful, but that power may arise from a relatively simple set of mathematical principles."

Hengen starts with the premise that almost everything our brains do is learned or powerfully shaped by experience. In other words, we aren't born with hard-wired circuits preprogrammed to help us read, drive cars or do anything else that we do every day. A healthy brain must be ready to learn anything and everything.

But how is a collection of neurons capable of learning? Hengen suggests that brains become learning machines only when they reach a special state called "criticality." A concept borrowed from physics, criticality describes a complex system that is at the tipping point between order and chaos. At this razor's edge, brains are primed to gain new information, Hengen said. "Brains need to reach criticality to think, remember and learn."

Hengen proposed criticality as a unifying theory of brain function and disease in the prestigious journal Neuron. Woodrow Shew, a physicist at the University of Arkansas, is the co-author.

A biologist and a physicist may seem like an odd pairing, but the new unifying theory blends both realms of science. Physicists often describe criticality using the classic example of a sand pile: As sand is added, the pile will grow steeper and steeper until it eventually avalanches. Right before that final grain triggered a moment of chaos, the pile was at a critical angle, one step away from instability.

Shew explained that physicists first developed a deep understanding of criticality as a way to describe magnets and other materials. Around the turn of the 21st century, these ideas were expanded to explain a broader range of complex systems, including avalanches, earthquakes and, ultimately, living systems and the brain.




A defining aspect of critical systems is that they look the same at any scale: A sand pile on the brink of an avalanche has the same slope whether the pile is tiny or mountainous. In the brain, criticality is constant whether it's measured in a handful of neurons or an entire region. Likewise, brain patterns that unfold in time are startlingly similar when considered in milliseconds or hours. "This matches our intuitive understanding of how brains work," Hengen said. "Our internal experiences span milliseconds to months. They don't have a scale."

Hengen and Shew suggest that criticality isn't just a theoretical concept; it's a state that can be precisely measured and calculated through fMRI brain imaging technology. "Criticality is the optimal computational state of the brain," Hengen said. "We've developed a mathematical way to measure how close the brain is to criticality, which should help us nail down the fundamental questions about how a human brain works."

A new understanding of disease 

The criticality framework offers a new perspective for understanding neurological disease. Rather than focusing on specific damaged brain regions or accumulated proteins, Hengen argues that diseases such as Alzheimer's destroy something more basic: the brain's ability to maintain criticality.

"Alzheimer's and other neurodegenerative diseases don't just damage neurons, they break the brain's general ability to compute by slowly dissolving criticality," Hengen explained. "As a brain moves further and further from criticality, it loses the ability to adapt and process information effectively."

This framework explains a puzzling feature of brain diseases: Patients often appear completely normal until they've lost many neurons. "The brain has remarkable compensatory abilities that can mask functional problems even as criticality begins to erode," Hengen said. "Traditional assessments miss the early stages because they focus on established endpoints that the brain tries to maintain through workarounds."

As criticality gradually deteriorates, the brain works harder to achieve the same cognitive outcomes, Hengen said. "It's like an engine that still runs but requires more fuel and generates more heat. By the time we notice memory problems or other symptoms, criticality has likely been compromised for years."




Hengen's collaboration with David M. Holtzman, MD, the Barbara Burton and Reuben M. Morriss III Distinguished Professor at WashU Medicine, has revealed that tau protein buildup in Alzheimer's directly disrupts criticality, providing a clear link between the disease's molecular hallmarks and cognitive collapse.

This connection between criticality and Alzheimer's opens exciting diagnostic possibilities. In theory, a simple fMRI could help detect breakdowns in criticality years before symptoms appear. "In combination with cutting-edge blood tests, we could identify people at risk and intervene before irreversible damage occurs," Hengen said.

In another collaboration, Hengen has teamed up with Deanna Barch, the Gregory B. Couch Professor of Psychiatry at WashU Medicine and a professor of psychological and brain sciences in Arts & Sciences, for an observational study to see how criticality at birth determines cognitive development and abilities in childhood. "From the beginning, some kids are closer to criticality than others, which, based on our theory, suggests they are going to be better learners," Hengen said. "Many outside factors can affect their success in school, but criticality can explain an impressive amount of the variability between children."

The sleep-mind connection 

In early 2024, Hengen and co-author Ralf Wessel, a professor of physics in Arts & Sciences at WashU, used the concept of criticality to revisit an age-old question: Why do we need sleep? By tracking brain activity over multiple weeks, they found that sleep restores a state of criticality. "Being awake and active moves us away from criticality, and sleep is like a reset button," Hengen explained.

That insight could help researchers unlock the power of sleep as a therapy for Alzheimer's and other neurological diseases that push the brain away from its optimal state. Previous studies by Holtzman and others have found that people who don't get the sleep they need -- perhaps due to shift work or chronic insomnia -- are at a much higher risk for Alzheimer's as they age. And there's already some evidence that sleep interventions can help slow the progression of Alzheimer's symptoms.

Hengen believes that targeted, intensive sleep-based therapy could help restore criticality and improve learning and memory in people with brain disease. Studies of mice conducted by Holtzman and James McGregor, a postdoctoral researcher in Hengen's lab, offer a glimpse of the possibilities: Mice specifically bred to have symptoms of Alzheimer's become faster learners after a targeted sleep intervention reinforces criticality.

Critical future 

There is much work to be done, but Hengen would eventually like to understand how criticality helps explain complex features of human neurobiology. "We may find that someone who is an amazing artist, for example, might be extremely close to criticality in parts of the brain involved in creative ideation," he said. It's also possible that a close look at criticality could point to undiscovered tendencies or talents that just need an outlet. "Maybe they never tried art, but we can see that the potential is there."

In the meantime, Hengen, Shew, and others are spreading the word about the importance of criticality. Hengen presented a TEDx talk on the subject in 2024 and shared his work at Arts & Sciences' inaugural research pitch competition, where he took second place. He hopes the new Neuron paper will inspire conversations among neurologists, doctors, reporters and the general public.

A unified theory of the mind could change the world, but first, it must unify the experts. "Woody (Shew) and I really think we're on to something here," Hengen said. "And, perhaps slowly, others are starting to agree."

WashU was the ideal place for a new concept of the brain to emerge, Hengen said. "We're surrounded by brilliant people in diverse fields, including physics, biology, psychology, mathematics and neuroscience, and the community here is remarkably supportive," he said. "Everyone is ready to help."
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Scientists reprogram ant behavior using brain molecules | ScienceDaily
From the bright lights of cities that don't sleep -- where people hustle and bustle through the night to keep subways, servers, and supply chains alive -- to the whisper-dark understory of tropical forests where ants hum in syncopated lines, the planet's most intricate societies hinge on round-the-clock cooperation and finely tuned roles.


						
Within Atta cephalotes, or leafcutter ants, every role is pre-written in morphology, from curves of the mandible (jaws) to body size, scripting a precise division of labor. The hulking Major ants serve as sentinels, patrolling doorways and repelling intruders; the slightly more diminutive Media ants harvest leaf confetti for nimble Minors, the colony custodians and caretakers; and, at the tiniest tier, pin-sized Minima ants groom fungal gardens and cradle the brood.

Now, researchers led by Shelley Berger of the University of Pennsylvania, have revealed key elements of the leafcutters' genetic code, pinpointing two signaling molecules that can be dialed up or down to reprogram ant duties. Crustacean cardioactive peptide (CCAP), elevated in Media ants, promotes leaf-harvesting tasks and can induce similar behavior in other subcastes. Neuroparsin-A (NPA), abundant in Majors, however, suppresses brood care and is linked to defensive patrols, alternately lowering its levels of NPA prompts caregiving behavior.

Reporting their findings in Cell, the researchers also uncovered a striking parallel: gene-expression patterns that govern division of labor in leafcutter ants mirror those in eusocial naked mole-rats -- mammals that similarly abide by cooperative brood care -- hinting at a convergent molecular mechanism dating back over 600 million years.

"We were amazed to see the apparent similarity of gene regulation between nurses and foragers of ants compared to naked mole-rat mammals -- this was unexpected," says Berger the Daniel S. Och Penn Integrates Knowledge University Professor with appointments in the School of Arts & Sciences and the Perelman School of Medicine. "Our results in ants reinforce how single neuropeptides can dramatically alter behavior, which may be applicable to human social behavior -- although humans of course are much more complex."

From carpenters to leafcutters 

Building on previous research on the carpenter ants, which have a similar but simpler social organization consisting of two roles -- forager and soldier -- the team investigated several different neuropeptides in leafcutters to explore how these principles scaled up to the more nuanced four-subcaste structure of Major, Media, Minor, and Minim.




The researchers created 3D-printed behavioral chambers that allowed them to monitor how ants interacted with leaves, the brood, or fungus. These chambers enabled tracking and quantification of behavior through video analysis, demonstrating how altering CCAP and NPA levels in ants induced dramatic and reproducible shifts in their assigned tasks.

"Generally speaking, specific neuropeptides are more abundant in certain castes, so we looked at the levels of neuropeptides in the brains of each caste," explains Karl Glastad, assistant professor at the University of Rochester and former postdoctoral researcher in the Berger lab. "In Majors, the neuropeptide that dictates leafcutter behavior is low and the neuropeptide that stops nursing is high, so if we increase the former, it leads to leafcutter behavior, and if we decrease the latter, it leads to nursing and caretaking of brood."

Glastad adds that these neuropeptides, once bound to their matching receptors, spark an intricate signaling cascade that ripples through gene networks, like a molecular Rube Goldberg machine, that leads to ants shifting from one specialized task to another.

Molecular mechanisms across kingdoms 

To further explore the evolutionary depth and implications of this behavioral script, the team investigated naked mole-rats a distant evolutionary cousin whose subterranean colonies echo the caste-like harmony of leaf-cutter nests.

"At first, I thought incorporating naked mole-rats felt like a bit of a boondoggle," laughs Glastad. "But we were amazed to discover that there's actually a lot of similarities in the molecular regulation of these kinds of foraging and caretaking castes between the brains of these two species."

Despite naked mole-rats lacking the exact neuropeptides like NPA found in ants, the researchers hypothesized that these peptides might still activate ancient, conserved pathways common to both species due to promiscuity of certain, more conserved receptors.




"When we saw these intriguing neuropeptide results, we pursued the idea that maybe this neuropeptide is plugging into some conserved gene pathways that convergently evolved in these very different animals to manage distinct behaviors," Glastad explains. "And remarkably, we found substantial overlap -- enough that the ant neuropeptide could even activate endogenous receptors in the naked mole-rat brain. Discovering that unexpected convergence was incredibly cool and, frankly, fortuitous."

A novel role for insulin regulatory pathways? 

The findings also reveal intriguing connections to insulin regulation pathways, known for their important role in sugar metabolism.

Particularly, insulin-like peptides such as Ilp1 were prominently expressed alongside NPA, suggesting a previously unappreciated interplay between neuropeptide signaling and insulin pathways in behavioral regulation.

"By discovering, essentially, that there's this link between insulin and maternal caretaking behavior, both with naked mole-rats and then also with leafcutter ants, we speculate that this might open the door for potentially looking at how disorders in insulin regulation may affect these behaviors," says first author Maxxum Fioriti, a graduate researcher in the Berger Lab.

"This connection launches new avenues for research into how insulin might regulate caregiving behaviors in mammals, potentially even humans," Fioriti says, venturing that insulin resistance disorders like diabetes may affect maternal mental health and post-partum depression.

Extending to lifespan plasticity 

Looking ahead, Berger's team is keen to explore the persistence of biological plasticity as it relates to behaviors. They are also interested in extending their work to late life rejuvenation and lifespan plasticity because reproductive ant queens live much longer than workers that don't reproduce.

Berger believes that epigenetics, the study of how gene activity can be turned on or off without changing the underlying DNA, offers powerful ways to understand not only behavioral plasticity but lifespan plasticity too.

"We're really interested in how long the reprogrammed behavior persists, and what are the pathways for long-lived queens," she says. "I think both phenomena are of enormous interest in mammalian and human biology -- the long-term effects of the plasticity of behavior and lifespan we're investigating."

Speaking about future research on lifespan plasticity, Fioriti notes that one of the other ant species in the lab has amazing lifespan plasticity, "where instead of having just different behaviors, they can also switch between a long-lived queen versus a short-lived worker."

"We have these comparisons of the ant behavior model with the naked mole-rat, and we're also interested in seeing if we can couple understanding lifespan plasticity between ant and naked mole-rat as well," Fioriti says.

Key Takeaways
    	Researchers led by Penn Integrates Knowledge Professor in the  School of Arts & Sciences and the Perelman School of Medicine  Shelley Berger explore the genetic basis of how communal-dwelling  organisms like leafcutter ants and naked mole-rats divide labor among  their societies
    	They discovered that pathways dating back hundreds of millions of years are conserved across animal kingdoms
    	Their findings offer fundamental insights into the origins of complex social behaviors and the neuroplasticity of assigned roles
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Mojave lichen defies death rays-could life thrive on distant exoplanets? | ScienceDaily
The question of whether Earth is alone in harboring life has captivated humanity for millennia. In recent years, scientists have turned to Earth-like planets in other solar systems that may show the most promise, but many revolve around stars that emit much stronger solar radiation than our own. Now, a new study offers evidence that life as we know it may be able to thrive on those Earth-like exoplanets.


						
Published June 12th in Astrobiology, the new research demonstrated that lichen found in the Mojave Desert survived for 3 months under levels of solar radiation previously considered lethal. The common lichen, Clavascidium lacinulatum, was injured, but able to recover and replicate. The results show that photosynthetic life may be possible on planets exposed to intense solar radiation.

"The study was motivated by a curious observation," said Henry Sun, Associate Research Professor of Microbiology at DRI and one of the lead authors of the study. "I was just walking in the desert and I noticed that the lichens growing there aren't green, they're black. They are photosynthetic and contain chlorophyll, so you would think they'd be green. So I wondered, 'What is the pigment they're wearing?' And that pigment turned out to be the world's best sunscreen."

Life on Earth has evolved to withstand solar radiation known as UVA and UVB rays, which encompass longer wavelengths of ultraviolet radiation. UVC rays represent the shorter, more damaging wavelengths; these are filtered by Earth's atmosphere and therefore do not reach the surface. UVC radiation is so lethal to life, in fact, that it is used to sterilize air, water, and surfaces of microorganisms like viruses and bacteria. Even a brief exposure to UVC radiation will damage an organism's DNA and prevent it from reproducing.

Scientists have wondered, then, whether many of the Earth-like planets discovered in recent years could possibly harbor life. Many of these planets revolve around stars known as M and F stars that emit intense UVC radiation, especially during solar flares.

"After the launch of the James Webb Space Telescope, which can see extremely far into space, the excitement shifted from finding life on Mars to these exoplanets," Sun said. "We're talking about planets that have liquid water and an atmosphere."

Sun and his graduate student at the time, Tejinder Singh, collected the lichen from the Mojave Desert near their homes in Las Vegas. They then placed it next to a UVC lamp in a controlled laboratory setting for 3 months straight. Remarkably, half of the algal cells in the lichen remained viable and replicated when rehydrated.




"In order for a microorganism to persist on a planet, it has to last longer than a day," Sun said. "So, our experiment had to be long enough to be ecologically significant. We also wanted to go beyond just activity and demonstrate viability."

To explore how this was chemically possible, Sun teamed up with chemists from the University of Nevada, Reno. They conducted two experiments that demonstrated how lichen acids are the natural world's equivalent of the additives used to make plastics UV-resistant.

They investigated the lichen's protective layer by cutting a cross-section of it and found that the top layer was darker, like a human's suntan. Lichen is composed of algae or cyanobacteria living symbiotically with fungi; when the algal cells were separated from the fungi and protective layer, exposure to the same UVC radiation killed the cells in less than a minute.

The discovery that lichen has evolved this protective layer to UVC radiation was surprising, Sun said, because it isn't necessary for their survival. Earth's atmosphere was already filtering out UVC rays by the time lichen appeared, so the protection is a mere bonus thanks to their remarkable UVA and UVB protection.

Some of the damage that occurs from exposure to intense solar radiation is the result of chemical reactions with the atmosphere, particularly the production of ozone when oxygen, nitric oxide, and UV radiation interact. To test the lichen's protection under different atmospheric conditions, the researchers placed it in an oxygen-free box with the UVC light and found that the radiation damage was further reduced.

"We came to the conclusion that the lichen's top layer - a less than millimeter thick skin, if you will - assures that all the cells below are protected from radiation. This layer acts as a photo stabilizer and even protects the cells from harmful chemical reactions caused by the radiation, including reactive oxygen."

The study offers evidence that planets beyond Earth, and beyond our solar system, may be inhabitable. In fact, "they may be teeming with colonial microorganisms that, like the lichens in the Mojave Desert, are 'tanned' and virtually immune to UVC stress," the researchers write.

"This work reveals the extraordinary tenacity of life even under the harshest conditions, a reminder that life, once sparked, strives to endure," said Tejinder Singh, who led the study with Sun and is now at NASA Goddard Space Flight Center. "In exploring these limits, we inch closer to understanding where life might be possible beyond this planet we call home."

Study authors include: Tejinder Singh (DRI), Christos Georgiou (U. of Patras), Christopher Jeffrey (UNR), Matthew J. Tucker (UNR), Casey S. Philbin (UNR), Tanzil Mahmud (UNR), Christopher P. McKay (NASA Ames), and Henry J. Sun (DRI)
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Wildfires threaten water quality for up to eight years after they burn | ScienceDaily
Years after wildfires burn forests and watersheds, the contaminants left behind continue to poison rivers and streams across the Western U.S. -- much longer than scientists estimated.


						
A new study, published on June 23 in Nature Communications Earth & Environment, analyzed water quality in more than 500 watersheds across the Western U.S., and is the first large-scale assessment of post-wildfire quality.

The research was led by scientists from the Cooperative Institute for Research in Environmental Science (CIRES) at the University of Colorado Boulder.

"We were attempting to look at notable trends in post-wildfire water quality across the entire U.S. West, to help inform water management strategies in preparing for wildfire effects," said Carli Brucker, lead author and former CU Boulder and Western Water Assessment PhD student.

The results showed contaminants like organic carbon, phosphorus, nitrogen, and sediment can degrade water quality for up to eight years after a fire. Water managers can use this data to help them plan for the future and respond appropriately when wildfires strike.

CIRES Fellow and Western Water Assessment Director Ben Livneh was the principal investigator and co-author of the study. Much of his research focuses on hydrology, or water supply, on a continental scale. When he realized he could use the same approach to understand large-scale trends in water quality, he was excited to test the method.

"There's been a lot of work, for example, in the National Climate Assessment and the International Panel on Climate Change talking about changes in global water supply," said Livneh, associate professor in the Department of Civil, Environmental and Architectural Engineering. "But those assessments point to this gap in water quality assessments in a continental scale context, whereas people like me in physical hydrology have been thinking about the continental scale challenges for a while."

Researchers have long known that fire ash and soil destruction contribute to degraded water quality. Yet, past research has largely been limited to state and municipal studies -- cities and towns test water quality in local streams and rivers following large fires.




For the new study, the team analyzed more than 100,000 water samples from 500 sites: half from burned river basins and half from unburned. They measured levels of organic carbon, nitrogen, phosphorus, and sediment as well as turbidity, or cloudiness, of each sample.

To understand wildfire-driven impacts, the team built data-driven models to measure how much contaminants changed in each basin before and after wildfires. In the final step, they compiled data to find the average across the burned basins for each pre- and post-wildfire year, and then compared those to the unburned basins.

The results showed watersheds take longer to recover after wildfires than previous studies found. Organic carbon, phosphorus, and turbidity are significantly elevated in the first one to five years post-fire. Nitrogen and sediment show significant increases up to eight years post-fire. Fire-driven impacts were worse in more forested areas.

"It can take two years, up to eight years, for the effect to be fully felt," Livneh said. "Sometimes it can be a delayed effect, meaning, it's not all happening right away, or sometimes you need a big enough storm that will mobilize enough of the leftover contaminants."

Each watershed in the study felt the impacts differently. This is likely tied to where the fire struck -- a fire closer to the river would be worse than an upstream fire. Different soils, vegetation, and weather also change the impact in each watershed, making it difficult to plan for the future.

"There's a huge amount of variability in sedimentation rates," said Brucker, who now works as a consultant. "Some streams are completely clear of sediment after wildfires, and some have 2000 times the amount of sediment."

Despite variability across river basins, the study provides concrete numbers that give insight to water managers across the Western U.S. Researchers hope the results provide better direction on informing future planning efforts for increasing wildfire resilience.

"I'm hoping that providing concrete numbers is very impactful to water managers," Brucker said. "You can't fund resilience improvements on general concerns alone. Water managers need real numbers for planning, and that's what we're providing," Brucker said.
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How brain cells meant to help may be making depression worse | ScienceDaily
Major depressive disorder (MDD) is a mental health condition that negatively affects the mood of a person and causes a loss of interest in activities that were previously associated with happiness. In addition to cognitive impairments and forgetfulness, MDD can significantly affect social and occupational areas of functioning. Studies investigating the pathophysiology of MDD indicate that several immune factors and cells -- such as brain glial cells -- play a key role in driving neuroinflammation, ultimately contributing to the development of MDD.


						
Microglial cells, the resident immune cells of the central nervous system (CNS), regulate inflammatory responses by releasing pro-inflammatory cytokines -- chemical signaling molecules. While the neuroinflammatory functions of microglial cells are well-documented, the exact role of astrocytes (a specialized type of glial cell) in neural growth and development has remained unclear until recently. To shine light on the role of astrocytes in neuroinflammation and in the pathophysiology of MDD, a team of researchers, led by Dr. Gaurav Singhal from the Department of Surgery, University of Wisconsin, USA, conducted an in-depth review of literature. Their findings will be published in Neuroprotection.

Explaining the motivation behind the present study, Dr. Singhal says, "MDD is one of the leading causes of disability worldwide and affects more than 280 million people across all age groups and regions. Moreover, the economic burden of MDD is substantial, with annual costs in the United States alone exceeding $326 billion. Gaining insights into the role of astrocytes in neuroinflammation can aid the development of therapeutic approaches to treat depression and other psychiatric disorders."

The research team began by conducting a comprehensive literature search using widely used online repositories such as PubMed and Google Scholar. They evaluated 226 research papers relevant to astrocytes, neuroinflammation, and depression. To ensure the high quality of their study, they followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

In their analysis, the researchers found that astrocytes were key to maintaining the structural integrity of synaptic junctions between neurons. The release of neurotrophic factors such as brain-derived neurotrophic factor and fibroblast growth factor-2 by astrocytes were critical for the promotion of neurite growth and synapse formation. Besides stabilizing the tripartite synapse comprising of neuron-astrocyte-neuron, astrocytes further facilitated the effective communication between neurons via regulation of the ionic environment. Notably, changes in astrocyte morphology and function were associated with poor synaptic connectivity, contributing to the development of depressive symptoms.

Furthermore, they discovered a critical mechanism involving activated microglia and astrocytes that resulted in sustained neuroinflammation in MDD. The first step of the mechanism was the release of pro-inflammatory cytokines like tumor necrosis factor-a and interleukin-1 from activated microglia cells. These signals subsequently induced the secretion of additional inflammatory chemicals from astrocytes, thereby amplifying neuroinflammation.

Elaborating on the molecular crosstalk between microglia and astrocytes during MDD, Dr. Singhal explains, "Increased intracellular calcium levels within astrocytes can induce the release of adenosine triphosphate (ATP), which, in turn, triggers a delayed calcium response in microglial cells. Following multiple cycles of astrocyte-released ATP-based activation,  microglial cells eventually undergo apoptosis or programed cell death."

Additionally, preclinical studies involving murine models showed that astrocytic lactate dehydrogenase A enzyme, responsible for lactate production, is important for maintaining neuronal excitability. A process known as histone lactylation -- where lactate molecules are added to histone proteins in DNA -- was found to alter gene expression, thereby contributing to astrocyte-driven neuroinflammation.

Taken together, this study highlights the molecular mechanisms underlying astrocytic dysfunction, wherein astrocytes switch from a neuroprotective role to one that promotes neuroinflammation by increasing the expression and secretion of inflammatory cytokines.
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Ancient carbon 'burps' caused ocean oxygen crashes - and we're repeating the mistake | ScienceDaily
New research from the University of California, Davis, the Chinese Academy of Sciences and Texas A&M University reveals that massive emissions, or burps, of carbon dioxide from natural earth systems led to significant decreases in ocean oxygen concentrations some 300 million years ago.


						
Combining geochemical analyses of sediment cores and advanced climate modeling, the study, published June 23 in Proceedings of the National Academy of Sciences, highlights five periods when significant decreases in ocean oxygen levels (by 4% to 12%) coincided with significant increases in levels of carbon dioxide in the atmosphere. Such oxygen-less, or anoxic, events are known for their detrimental effects on marine life and biodiversity.

Despite their roots in the deep past, the findings are relevant to the current global climate and its future. If events of a similar scale were to happen today, they would likely affect coastal areas that are important for fisheries and marine biodiversity.

"This is our only analog for big changes in carbon dioxide at levels comparable to what we're living in today, where we see doublings and triplings of the levels," said senior author Isabel P. Montanez, a Distinguished Professor in the Department of Earth and Planetary Sciences at UC Davis.

What's different, though, is the source of the carbon dioxide. While carbon dioxide levels of long-past climates were influenced by natural systems like volcanic eruptions, human-produced and human-related carbon dioxide emissions strongly influence today's levels.

"We're creating a burp now and at a rate two, maybe three, orders of magnitude faster than in the past," Montanez said.

Sediment cores and deep climate modeling

In the study, the team used sediment cores sourced from a geological formation in South China called the Naqing succession. By analyzing the geochemical makeup of these deep-water cores, specifically carbonate uranium isotopes, the team chronicled Earth's environmental conditions from 310 to 290 million years ago.




"Through that analysis, we see these 'burps' not just in carbon dioxide but in the ocean's uranium isotope signature too," Montanez said. "They're totally aligned, and the size of those uranium spikes tell us about the magnitude of the ocean anoxia."

The team then used that information to inform leading-edge climate models, developed by the authors of this study, that are used to better understand ancient climates.

"It's a mathematical framework in which we put in all our proxy information and we run it hundreds of thousands of times on a supercomputer," Montanez said. "It basically best models what is most realistic given all the uncertainties, all the knowns, all the information that it's given."

Based on the modeling, the team found five instances of decreased oxygen in the global ocean by 4% to 12% from 290 to 310 million years ago. Each period lasted for roughly 100,000 to 200,000 years.

While the decrease in ocean oxygen doesn't appear to correlate to any known mass extinctions, it does align with pauses in biodiversity that can be seen in the geological record.

"We do see these pauses in biodiversity each time these burps happen," Montanez said. "It had an impact, most likely coastal regions were impacted the most."

Records of the past, lessons for the future




The Earth of 300 million years ago was vastly different than the Earth of today. For one, oxygen in the atmosphere was 40% to 50% higher than it is today. Despite the differences between past and present, the magnitude of the rises in carbon dioxide levels are similar.

That could be interpreted as a warning, according to Montanez.

"This is a huge discovery because how do you take an ocean sitting under an atmosphere with much more oxygen than today and permit this?" Montanez said. "The message for us is, 'Don't be so sure that we can't do this again with our current human-driven release of carbon dioxide.'"

Additional authors are: Jitao Chen, Chinese Academy of Sciences; Shihan Li and Shuang Zhang, Texas A&M University; Terry Isson, University of Waikato, New Zealand; Tais Dahl, University of Copenhagen, Denmark; Noah Planavsky, Yale University; Feifei Zhang, Xiang-dong Wang and Shu-Zhong Shen, Nanjing University, China.

The research was supported in part by grants from the National Natural Science Foundation of China and the U.S. National Science Foundation.
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COVID-19 protein triggers immune attacks on healthy cells - but a common drug can stop it | ScienceDaily
A new study reveals that the SARS-CoV-2 nucleocapsid protein can spread from infected to uninfected cells, triggering an immune response that mistakenly targets healthy cells. The research identifies how this viral protein binds to cell surfaces and shows that enoxaparin, a common anticoagulant, can block this harmful interaction, pointing to a potential avenue for treatment. These findings shed light on the mechanisms behind severe COVID-19 complications and immune-driven tissue damage.


						
A new study involving collaborative efforts of the laboratories of Dr. Alexander Rouvinski, Prof. Ora Schueler-Furman and Prof. Reuven Wiener, led by PhD students Jamal Fahoum and Maria Billan from the Faculty of Medicine at the Hebrew University of Jerusalem, uncovers a surprising mechanism by which the SARS-CoV-2 virus, responsible for COVID-19, might cause immune-mediated tissue damage by targeting cells it has never infected. A fruitful collaboration with clinicians: Dr. Dan Padawer, Prof Dana Wolf and Dr. Orly Zelig and their team members from several departments at Hebrew University -- Hadassah Medical Center provided the complementary clinical data necessary for this work. SARS-CoV-2 infection experiments essential for this research were performed in the recently established high biocontainment national laboratory, Barry Skolnick Biosafety Level 3 (BSL3) National Unit at the Core Research Facility at the Faculty of Medicine of the Hebrew University of Jerusalem.

Published in Cell Reports, the study demonstrates that the virus's nucleocapsid protein (NP), best known for its role in packaging viral RNA inside infected cells, is transferred to neighboring uninfected epithelial cells and attach to their surfaces. Once present on these otherwise healthy cells, NP is recognized by the immune system and is targeted by anti-NP antibodies, which mistakenly label the cells for destruction. This process activates the classical complement pathway, leading to inflammation and cellular damage that might contribute to severe COVID-19 outcomes and complications such as long COVID.

This research uncovers a surprising way in which the SARS-CoV-2 virus can misdirect the immune system, causing the attack of healthy cells, simply because they have been marked by a viral protein. Understanding this mechanism opens the door to new strategies for preventing immune-driven damage in COVID-19 and possibly other viral infections, which are a subject of the ongoing studies in the laboratories leading this research.

The researchers used laboratory grown cells, sophisticated imaging techniques, and samples from COVID-19 patients to understand how a specific viral protein, called the nucleocapsid protein attaches to healthy cells. They discovered that this protein sticks to certain sugar-like molecules found on the surface of many cells, called Heparan Sulfate proteoglycans. When this happens, clumps of the viral protein form on these healthy cells. The immune system then mistakenly attacks these clumps using antibodies, which sets off a chain reaction that might damage the cells, both infected and healthy cells in the infected organism.

The researchers also found that the drug enoxaparin, a commonly used blood thinner, can block the viral protein from sticking to healthy cells. It does this by taking over the spots the protein would normally bind to, being a heparin analog. In both lab experiments and when samples obtained from patients were tested in the lab, enoxaparin stopped the protein from attaching to cells and helped prevent the immune system from mistakenly attacking them.

The authors dedicate the article to the memory of the late Prof. Herve (Hillel) Bercovier, a gifted microbiologist, an inspiring scientist, and a great mentor. This research was supported by several research funds, including major contributions from The Edmond and Benjamin de Rothschild Foundation and The Israel Science Foundation of the Israel Academy of Science and Humanities.
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Killer whales use seaweed tools in never-before-seen grooming behavior | ScienceDaily
Primates, birds, and elephants are all known to make tools, but examples of tool use among marine animals are much more limited. Reporting in the Cell Press journal Current Biology on June 23, a team of whale experts has found widespread tool manufacture and usage in an endangered population of resident killer whales living in the Salish Sea -- part of the Pacific Ocean between British Columbia and Washington. The whales fashion tools from kelp and use them for grooming purposes.


						
"We found that southern resident killer whales regularly use lengths of bull kelp during social interactions, apparently as a tool to groom one another," says Michael Weiss (@CetaceanMike) of the Center for Whale Research in Friday Harbor, WA. "To find that the whales were not just using but also manufacturing tools, and that these objects were being used in a way never before reported in marine mammals, was incredibly exciting."

Weiss and his team discovered this unexpected whale activity while conducting aerial observations of southern resident killer whales, which are a critically endangered whale population with fewer than 80 individuals left found in the Pacific Northwest. The team has been monitoring the whales since 2018 to learn more about their foraging and social behavior.

"While there are other killer whales around the world, the southern residents represent a genetically, ecologically, and culturally distinct population," says Weiss.

Through the high-resolution footage collected by their aircraft, the researchers found that the whales created tools by breaking off the ends of bull kelp stalks. They then pressed pieces of kelp against a partner and rolled the kelp between their bodies for long periods of time.

The researchers observed this behavior in whales across all social groups, both sexes, and all age classes. They found that whales were more likely to groom closely related whales or similarly aged partners. They also saw some evidence that whales with more molting or dead skin were more likely to engage in grooming, suggesting it may have a hygienic function.

"What I find most remarkable is that despite this apparently being a common behavior -- we see it most days we fly our drone over these whales -- it hadn't yet been discovered in this population despite nearly 50 years of dedicated observation," says Weiss. "To me, this demonstrates not just the power of new observation methods but also how much we still have to learn about these animals."

It remains unclear whether this grooming behavior is entirely unique to this population or more widespread among other whale populations and species. Regardless, the discovery opens new avenues for understanding tool use in marine mammals and demonstrates that tools can be used in a wide array of contexts, say the researchers.

"This finding highlights yet another way these whales' society and culture is unique and the importance of recovering the southern resident killer whale population," says Weiss.

This research was supported by the UK Natural Environment Research Council, the Orca Fund, the Wild Fish Conservancy, the Rose Foundation for Communities and the Environment, National Oceanic and Atmospheric Administration, Northwest Fisheries Science Center, and the Earthwatch Institute.
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These frozen wolf cubs ate a woolly rhino-and changed what we know about dogs | ScienceDaily
New analysis of the remains of two 'puppies' dating back more than 14,000 years ago has shown that they are most likely wolves, and not related to domestic dogs, as previously suggested.


						
The genetic analysis also proved that the cubs were sisters at the age of around two months, and like modern day wolves had a mixed diet of meat and plants. Researchers, however, were surprised to see evidence of a wooly rhinoceros as part of their last meals, as this would have been a considerably large animal for a wolf to hunt.

The 'Tumat Puppies' are two remarkably well-preserved puppy remains found in northern Siberia, about 40 km from Tumat, the nearest village. One was found in 2011 and the other in 2015 at what's now called the Syalakh site.

The puppies were discovered in layers of soil, preserved in ice, alongside the bones of woolly mammoths, some of which showed signs of having been burned and processed by humans. This led scientists to wonder if the site was once used by humans to butcher mammoths, and whether the puppies might have had a connection to people, possibly as early dogs or tamed wolves that hung around humans for food.

There are no visible injuries or signs of attack to the cubs, and so they were likely to have been inside an underground den, resting after their meal, until a potential landslide collapsed their home, trapping the cubs inside.

A new study, led by the University of York, however, has shown that, based on genetic data from the animals' gut contents and other chemical 'fingerprints' found in their bones, teeth and tissue, that the way they were living, what they were eating, and the environment they existed in, points to the puppies being wolf cubs and not early domesticated dogs.

Both were already eating solid food, including woolly rhinoceros meat and, in one case, a small bird called a wagtail. However, their bodies still showed signs of having nursed, meaning they were likely still getting milk from their mother too.




Despite being found near human-modified mammoth bones, there was no evidence of the cubs consuming mammoth, but the piece of wooly rhinoceros skin found in the stomach of one of the cubs had not been fully digested, suggesting they died not long after their last meal.

It is thought that the wooly rhinoceros may have been a young calf, rather than a fully grown adult, and likely hunted by the adult pack and fed to the cubs, but even if this was the case, a young woolly rhinoceros would have been considerably bigger than prey modern-day wolves typically hunt.

This has led researchers to think that these Pleistocene wolves may have been somewhat bigger than the wolves of today. Previous DNA testing suggests that the cubs most likely belonged to a wolf population that eventually died out and didn't lead to today's domestic dogs.

Anne Kathrine Runge, from the University of York's Department of Archaeology, who analysed the cubs as part of her PhD, said: "It was incredible to find two sisters from this era so well preserved, but even more incredible that we can now tell so much of their story, down to the last meal that they ate."

The original hypothesis that the Tumat Puppies were dogs is also based on their black fur colour, which was believed to have been a mutation only present in dogs, but the Tumat Puppies challenge that hypothesis as they are not related to modern dogs.

Anne Kathrine added: "Whilst many will be disappointed that these animals are almost certainly wolves and not early domesticated dogs, they have helped us get closer to understanding the environment at the time, how these animals lived, and how remarkably similar wolves from more than 14,000 years ago are to modern day wolves.




"It also means that the mystery of how dogs evolved into the domestic pet we know today deepens, as one of our clues -- the black fur colour -- may have been a red herring given its presence in wolf cubs from a population that is not related to domestic dogs."

Tiny fossilised plant remains were discovered in the cubs' stomachs, indicating that they lived in a diverse environment with a variety of plants and animals to consume, including prairie grasses, leaves from the shrub genus Dryas and willow twigs. This suggests the landscape they inhabited included different types of habitats that could support rich and varied ecosystems.

Dr Nathan Wales, from the University of York's Department of Archaeology, said: "We know grey wolves have been around as a species for hundreds of thousands of years based on skeletal remains from palaeontological sites, and researchers have done DNA testing of some of those remains to understand how the population changed over time. The soft tissues preserved in the Tumat Puppies, however, gives us access to other ways of investigating wolves and their evolutionary line.

"We can see that their diets were varied, consisting of both animal meat and plant life, much like that of modern wolves, and we have an insight into their breeding behaviours too. The pair were sisters and likely being reared in a den and cared for by their pack -- all common characteristics of breeding and raising of offspring in wolves today.

"Today, litters are often larger than two, and it is possible that the Tumat Puppies had siblings that escaped their fate. There may also be more cubs hidden in the permafrost or lost to erosion.

"The hunting of an animal as large as a wooly rhinoceros, even a baby one, suggests that these wolves are perhaps bigger than the wolves we see today, but still consistent in many ways, because wolves still tend to hunt easy prey while some of the pack is engaged in cub rearing."

The research findings, however, means that the hunt for the oldest dog -- and their place of origin -- is still on.

The research, in collaboration with researchers based in Belgium, Canada, Denmark, Germany, Russia and Sweden is published in the journal Quaternary Research.
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Mining the deep could mute the songs of sperm whales | ScienceDaily
Deep-sea mining in a remote part of the Pacific Ocean could harm ocean life including whales and dolphins, new research shows.


						
The Clarion Clipperton Zone (CCZ) of the Eastern Pacific is a vast area of deep ocean and seamounts.

A Canadian firm - The Metals Company - is planning to explore parts of the CCZ for polymetallic nodules.

In two new studies, researchers found whales and dolphins - including an endangered sperm whale - in the CCZ, and raise concerns about impacts on a wide range of marine species.

"We know remarkably little about these ecosystems, which are hundreds of miles offshore and include very deep waters," said Dr Kirsten Young, from the University of Exeter.

"We do know many species here are long-lived and slow-growing, especially on the seabed.

"It's very hard to predict how seabed mining might affect these species and wider ecosystems, and these risks must urgently be assessed."

Dr Young said noise from mining would travel great distances underwater - possibly hundreds of kilometres through a SOFAR channel.




One of the research papers reviews noise sensitivity among species known to live in the CCZ, and finds that only 35% of taxonomic classes there have been studied for noise impacts.

Soniferous fish, which rely on acoustic communication, are particularly vulnerable to noise.

Chronic exposure to mining noise might have cascading ecological consequences, disrupting key behaviours, the researchers say.

The second study is a survey of whales and dolphins, conducted from the Greenpeace vessel Arctic Sunrise.

Over 13 days of visual and acoustic monitoring, there were 74 acoustic detections and six sightings.

These included a sperm whale, Risso's dolphins, common dolphins and 70 dolphin groups that could not be identified to species level.




Dr Young said: "If deep seabed mining becomes a reality, whales and dolphins will be exposed to multiple sources of noise throughout the water column.

"Many species are highly sensitive to certain frequencies - chronic ocean noise can mask social and foraging communications and whales could be displaced from critical habitats.

"The behavior and impact of sediment plumes created by mining is also poorly understood but could affect food webs."

Louisa Casson of Greenpeace International said: "The confirmed presence of cetaceans, including threatened sperm whales, in areas that The Metals Company is targeting for deep sea mining is yet another clear warning that this dangerous industry must never be allowed to begin commercial operations."

The review paper, published in the journal Marine Pollution Bulletin, is entitled: "Noise from deep-sea mining in the Clarion-Clipperton Zone, Pacific Ocean will impact a broad range of marine taxa."

The whale and dolphin paper, published in Frontiers in Marine Science, is entitled: "Threatened cetaceans in a potential deep seabed mining region, Clarion Clipperton Zone, Eastern Pacific."
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USC's new AI implant promises drug-free relief for chronic pain | ScienceDaily
Chronic pain is a debilitating condition that severely impacts quality of life, often leading to reliance on opioid medications with their severe side effects and addiction risks. According to the U.S. Pain Foundation, 51.6 million Americans live with chronic pain. For over 17 million sufferers, their chronic pain is high-impact - frequently limiting their life or work activities.


						
Current implantable electrical stimulators offer an alternative by stimulating the spinal cord to block pain signals from reaching the brain. But these devices come with drawbacks like high cost, invasive surgery, and the need for frequent battery replacements. Now, researchers from the Zhou Lab in USC Viterbi's Alfred E. Mann Department of Biomedical Engineering, in collaboration with the Jun Chen Group at UCLA, have developed a revolutionary solution: a flexible ultrasound-induced wireless implantable (UIWI) stimulator secured to the spine and designed for personalized, self-adaptive chronic pain management.

This groundbreaking device, detailed in Nature Electronics, represents a significant leap forward in pain therapy. While current spinal cord stimulators can be unwieldy and are hard-wired to batteries, the new device is designed to bend and twist with movement and is powered by a wearable ultrasound transmitter without the need for a battery. It also harnesses machine learning algorithms to customize treatment for each patient. The work was led by Zohrab A. Kaprielian Fellow in Engineering Qifa Zhou, who is also a professor of ophthalmology at the Keck School of Medicine of USC.

Pain Relief on Demand: How the Implantable Stimulator Works

At the heart of this innovation is its wireless power supply, eliminating the need for bulky batteries and complex wired interfaces that often require repeated surgeries. The UIWI stimulator receives its energy from an external, wearable ultrasound transmitter (WUT). Ultrasound offers a safe, effective non-invasive method for deep-tissue penetration. The device converts mechanical waves into electrical signals through a phenomenon called the piezoelectric effect. The core of the UIWI stimulator is a miniaturized piezoelectric element made from lead zirconate titanate (PZT), a highly efficient material for converting incoming ultrasound energy into the electrical power needed for stimulation.

"What truly sets this device apart is its wireless, smart and self-adaptive capability for pain management," Zhou said. "We believe it offers great potential to replace pharmacological schemes and conventional electrical stimulation approaches, aligning with clinical needs for pain mitigation."

Ph.D. candidate in the Zhou Lab and lead author Yushun (Sean) Zeng said the wireless smart miniaturized stimulator had the ability to produce sufficient electrical stimulation intensity by using ultrasound energy, resulting in a more personalized, targeted and localized treatment.




"This energy-converting type is critical for deep stimulation, as ultrasound is a non-invasive and highly penetrating energy in clinical and medical areas," Zeng said. "By leveraging wireless ultrasonic energy transfer and closed-loop feedback system, this UIWI stimulator removes the necessity for bulky implanted batteries and allows for real-time, precisely adjustable pain modulation."

"From a clinical standpoint, incorporating deep learning-based pain assessment enables dynamic interpretation and response to fluctuating pain states, which is essential for accommodating patient-specific variability." added Zhou Lab Ph.D. candidate Chen Gong, also a lead author on the paper.

The device works by:

Detecting pain: The system continuously monitors brain recordings, specifically electroencephalogram (EEG) signals, which reflect a patient's pain levels. Harnessing AI to assess pain levels: A sophisticated machine learning model, based on a neural network called ResNet-18, analyzes these brain signals and classifies pain into three distinct levels: slight pain, moderate pain, and extreme pain. This AI model boasts a 94.8% overall accuracy in distinguishing between these pain states. Adapting treatment as needed: Once a pain level is identified, the wearable ultrasound transmitter automatically adjusts the acoustic energy it transmits. The UIWI stimulator can then sense the propagated energy and convert it into electrical intensity, stimulating the spinal cord. This creates a closed-loop system that provides real-time, personalized pain management. The UIWI stimulator itself is flexible, bendable, and twistable, allowing for optimal placement on the spinal cord. The electrical stimulation it provides to the spinal cord works by rebalancing the signals that transmit and inhibit pain, effectively suppressing the sensation of pain.

Demonstrated Success in the Lab The Zhou Lab team tested the UIWI stimulator in rodent models, with results demonstrating its effectiveness for pain management.

Researchers successfully relieved chronic neuropathic pain caused by both mechanical stimuli (like a pin prick) and acute thermal stimuli (infrared heat).




Lab tests showed that treatment from the UIWI stimulator led to significant reductions in pain indicators. In one experiment to evaluate whether an animal associates an environment with pain relief, rodents showed a clear preference for the chamber where the pain management system was activated, further confirming the device's effectiveness.

The Future of Personalized Pain Relief

The successful development and testing of the UIWI stimulator mark a pivotal moment in the quest for advanced pain management. The flexible design of the implant and its integration with sophisticated AI algorithms offer a dynamic and personalized treatment approach that can adapt to the fluctuating and highly individual nature of chronic pain.

Looking ahead, Zhou and his collaborators are hoping for even more advanced applications of the device. Zhou said that future designs could miniaturize the components further, enabling less invasive device implantation -- for instance, with a syringe. The wearable ultrasound transmitter could also evolve into an untethered, miniaturized device or even a wearable ultrasound array patch, potentially combining imaging capabilities with energy delivery for real-time monitoring and targeted stimulation. Future iterations could also be controlled by smartphone software, offering even more robust personalized pain management.

Zhou said the aim of the device was to transform chronic pain management, moving beyond the limitations of current solutions to offer a truly personalized, intelligent, and effective pathway to pain relief.

"Our findings highlight the potential of ultrasonic implantable electronics in clinical and translational chronic pain management," Zeng said.
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No kings buried here: DNA unravels the myth of incestuous elites in ancient Ireland | ScienceDaily
New research has cast doubts over suggestions an incestuous social elite ruled over the ancient people of Ireland more than 5,000 years ago.


						
Researchers examined the evidence from burials of individuals at the Newgrange prehistoric monument in Ireland -- a large circular mound containing a chamber where cremated and unburnt human remains were placed, the discovery of which led to speculation that those buried there must have been from an elite class or a royal family.

In 2020, the DNA analysis of a bone skull fragment found in the chamber, however, suggested that at least one of the individuals buried there was the result of a relationship between two siblings or a parent and child, and was also distantly related to others buried in the chamber.

It is believed that only particular individuals were buried in the chamber and therefore they must have held a 'special' position in society. The assumption was that if an individual born of incest was placed in the chamber, that this practice must have been 'accepted' by society, possibly because it was 'common' among a ruling elite.

A research team, including the University of York and University College Dublin, however, have now shown that there is no corroborating evidence in nearby settlements, dietary practices, or trade, that an elite existed either economically or socially.

Researchers now believe the society at the time was more equal, based on the fact that they appeared to share and exchange resources, as well as live in similar dwellings.

Professor Penny Bickle from the University of York's Department of Archaeology, said: "The evidence all points to a much more collective ethos. There are not wide disparities in diet, houses are relatively flimsy, and all similar to each other.




"There are no large settlement systems or trade mechanisms, and we also don't see production of craft on the scale that we see in other ancient societies such as in Ancient Egypt, where incest was thought to be practiced by the ruling elite.

"We can only begin to understand these monuments and tombs if we examine the social lives or the communities that built and use them, and when we start to do this, this idea of a 'social elite' or a form of royalty starts to appear less likely."

Older than Stonehenge and the Pyramids of Giza, Newgrange is believed to have been built by a farming community that prospered in the Boyne Valley, County Meath, some 5,000 years ago. Newgrange was rediscovered in AD 1699 and its interior had been heavily disturbed prior to its modern excavation in the 1960s, and so researchers question whether this was even the original burial place of the skull fragment, referred to as NG10, dated to 3340 -- 3020 BC.

The genetic clustering in passage tombs, such as at Newgrange, typically reflects very distant biological relationships -- like second cousins or great-great-great-grandparents -- rather than close familial ties. To establish if the tombs were reserved for an elite, researchers say they would expect much closer genetic ties than they have seen at Newgrange.

It is more likely that these tombs were places that reflect family, work, and other social relationships, rather than the mark of an elite family group.

Associate Professor Jessica Smyth, from University College Dublin, said: "People were definitely being selected for burial in passage tombs -- the whole community does not end up in these monuments. However, we don't know the reasons behind this selection, and why they were thought to be special.




"Unlike today, bodies don't tend to be buried 'whole' or 'intact' in this time period. Before they end up in megalithic monuments, bodies are broken down, sometimes cremated and even circulated around their communities."

As so many of the dead found in these passage tombs were broken down and mixed with cremated remains, and possibly moved around to different places in the landscape, it is not clear the people who placed NG10 fragment in Newgrange knew who they were in life or who the parents of this individual were, casting further doubt on how 'special' the individual might have been.

Professor Penny Bickle said: "It is by no means clear that the monument was the first burial site of NG10 and the tomb grew in stages, so tracing who this individual was is a very difficult task indeed. As it stands the incestuous origins of NG10 is a one-off compared to all of the DNA data we have for Neolithic Ireland.

"There are still many questions to solve here, but building this picture means looking at the monument together with the society that was built up around it, and from this, we get a step closer to understanding a community that was much more inclusive and equal than previously thought."

The research is published in the journal Antiquity.
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Your CT scan could reveal a hidden heart risk-and AI just learned how to find it | ScienceDaily
Mass General Brigham researchers have developed a new AI tool in collaboration with the United States Department of Veterans Affairs (VA) to probe through previously collected CT scans and identify individuals with high coronary artery calcium (CAC) levels that place them at a greater risk for cardiovascular events. Their research, published in NEJM AI, showed the tool called AI-CAC had high accuracy and predictive value for future heart attacks and 10-year mortality. Their findings suggest that implementing such a tool widely may help clinicians assess their patients' cardiovascular risk.


						
"Millions of chest CT scans are taken each year, often in healthy people, for example to screen for lung cancer. Our study shows that important information about cardiovascular risk is going unnoticed in these scans," said senior author Hugo Aerts, PhD, director of the Artificial Intelligence in Medicine (AIM) Program at Mass General Brigham. "Our study shows that AI has the potential to change how clinicians practice medicine and enable physicians to engage with patients earlier, before their heart disease advances to a cardiac event."

Chest CT scans can detect calcium deposits in the heart and arteries that increase the risk of a heart attack. The gold standard for quantifying CAC uses "gated" CT scans, that synchronize to the heartbeat to reduce motion during the scan. But most chest CT scans obtained for routine clinical purposes are "nongated."

The researchers recognized that CAC could still be detected on these nongated scans, which led them to develop AI-CAC, a deep learning algorithm to probe through the nongated scans and quantify CAC to help predict the risk of cardiovascular events. They trained the model on chest CT scans collected as part of the usual care of veterans across 98 VA medical centers and then tested AI-CAC's performance on 8,052 CT scans to simulate CAC screening in routine imaging tests.

The researchers found the AI-CAC model was 89.4% accurate at determining whether a scan contained CAC or not. For those with CAC present, the model was 87.3% accurate at determining whether the score was higher or lower than 100, indicating a moderate cardiovascular risk. AI-CAC was also predictive of 10-year all-cause mortality -- those with a CAC score of over 400 had a 3.49 times higher risk of death over a 10-year period than patients with a score of zero. Of the patients the model identified as having very high CAC scores (greater than 400), four cardiologists verified that almost all of them (99.2%) would benefit from lipid lowering therapy.

"At present, VA imaging systems contain millions of nongated chest CT scans that may have been taken for another purpose, around 50,000 gated studies. This presents an opportunity for AI-CAC to leverage routinely collected nongated scans for purposes of cardiovascular risk evaluation and to enhance care," said first author Raffi Hagopian, MD, a cardiologist and researcher in the Applied Innovations and Medical Informatics group at the VA Long Beach Healthcare System. "Using AI for tasks like CAC detection can help shift medicine from a reactive approach to the proactive prevention of disease, reducing long-term morbidity, mortality and healthcare costs."

Limitations to the study include the fact that the algorithm was developed on an exclusively veteran population. The team hopes to conduct future studies in the general population and test whether the tool can assess the impact of lipid-lowering medications on CAC scores.

Authorship: In addition to Aerts, Mass General Brigham authors include Simon Bernatz, and Leonard Nurnberg. Additional authors include Raffi Hagopian, Timothy Strebel, Gregory A. Myers, Erik Offerman, Eric Zuniga, Cy Y. Kim, Angie T. Ng, James A. Iwaz, Sunny P. Singh, Evan P. Carey, Michael J. Kim, R. Spencer Schaefer, Jeannie Yu, and Amilcare Gentili.

Funding: This work was funded by the Veterans Affairs health care system.
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123,000-year-old coral fossils warn of sudden, catastrophic sea-level rise | ScienceDaily
Coastal planners take heed: Newly uncovered evidence from fossil corals found on an island chain in the Indian Ocean suggests that sea levels could rise even more steeply in our warming world than previously thought.


						
"This is not good news for us as we head into the future," says Andrea Dutton, a professor of geoscience at the University of Wisconsin-Madison. Dutton and her PhD student Karen Vyverberg at the University of Florida led an international collaboration that included researchers from University of Sydney, University of Minnesota Twin Cities, Victoria University of Wellington and University of Massachusetts Amherst who analyzed fossilized corals discovered in the Seychelles islands.

These particular fossils provided an exceptional opportunity for the researchers to reconstruct past sea levels. That's in part because they're remnants of coral species that only live in shallows very near the sea surface. Their tropical location also means they were far away from any past ice sheets, which have a more pronounced effect on local sea levels.

By determining the ages of two dozen fossil corals from various elevations on the islands and analyzing the sediments around the fossils, the team gathered a wealth of insights. The findings will be published June 13 in the journal Science Advances.

First, the team was able to confirm the timing of peak global sea levels to between 122 and 123,000 years ago. That was during a period known as the Last Interglacial, when global temperatures were actually very similar to what they are now. Such a precise date gives us a better understanding of the relationship between global climate and sea levels.

Perhaps more importantly, though, the researchers discovered that there were three distinct periods of sudden and sharp sea-level rise over the 6,000 years leading up to peak sea levels during the Last Interglacial. These abrupt pulses of sea-level rise were punctuated by periods of falling seas, and Dutton says they point to times when the polar ice sheets in Greenland and Antarctica -- thousands of miles away from the Seychelles islands -- were changing rapidly.

"That says there's potential for this very rapid, dynamic change in both ice sheet volume and sea level change," says Dutton. "This is hugely important for coastal planners, policy makers and those in the business of risk management."

These rises and falls in sea level that the team documented also point to a key difference between the present and the Last Interglacial, which is sometimes used as a model for understanding how the current and future climate could affect ice sheets and sea levels due to the similar temperatures between the two time periods.




"These swings suggest that the polar ice sheets were growing and shrinking out of phase with each other as a result of temperature changes in the two hemispheres that were also not aligned," says Dutton. "So even though sea level rose at least several meters higher than present during this past warm period, if temperature rises simultaneously in both hemispheres as it is today, then we can expect future sea level rise to be even greater than it was back then."

The researchers made one more sobering observation: One of the sharp pulses of sea-level rise they identified occurred at about the same time that the last remnants of a massive ice sheet in North America were likely collapsing, according to evidence collected by other teams working in the Atlantic Ocean.

While there's no large North American ice sheet today, Dutton says this finding has important implications for understanding the dynamics of other present day ice sheets. That's because most scientists have not previously considered a North American ice sheet as a major factor in sea-level dynamics during the Last Interglacial.

"But if ice was still present in North America several thousand years into this past warm period, then some of the rise we've documented would have required more meltwater from another ice sheet, such as Antarctica," says Dutton. "This would suggest that Antarctica was even more sensitive to warming than we previously recognized, because the full extent of sea-level rise flowing from the continent was masked by a remnant ice sheet in North America."

In its totality, Dutton says the new evidence, thanks to fossilized corals from thousands of years ago suggests that sea levels could rise even faster and higher thanks to climate change than current projections indicate.

"We could be looking at upward of 10 meters of global average sea-level rise in the future just based on the amount of warming that has already occurred," she says.




The good news, as Dutton sees it, is that society has the means to blunt the impact of climate change on sea levels.

"The more we do to draw down our greenhouse gas emissions, and the faster we do so, could prevent the worst scenarios from becoming our lived reality," Dutton says.

This research received funding from the National Science Foundation (grant awards 1155495, 1159040, 1934477, 2035080 and 2202913).
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This triple-layer sunlight catalyst supercharges green hydrogen by 800% | ScienceDaily
The chemical reaction to produce hydrogen from water is several times more effective when using a combination of new materials in three layers, according to researchers at Linkoping University in Sweden. Hydrogen produced from water is a promising renewable energy source - especially if the hydrogen is produced using sunlight.


						
The production of new petrol and diesel cars will be banned in the EU as of 2035. Electric motors are expected to become increasingly common in vehicles - but they are not suitable for all types of transport.

"Passenger cars can have a battery, but heavy trucks, ships or aircraft cannot use a battery to store the energy. For these means of transport, we need to find clean and renewable energy sources, and hydrogen is a good candidate," says Jianwu Sun, associate professor at Linkoping University, who has led the study published in the Journal of the American Chemical Society.

The LiU researchers are working on developing materials that can be used to produce hydrogen (H2) from water (H2O) by using the energy in sunlight.

The research team has previously shown that a material called cubic silicon carbide (3C-SiC) has beneficial properties for facilitating the reaction where water is split into hydrogen and oxygen. The material can effectively capture the sunlight so that the energy therein can be used for hydrogen production through the photochemical water splitting reaction.

In their current study, the researchers have further developed a new combined material. The new material consists of three layers: a layer of cubic silicon carbide, a layer of cobalt oxide and a catalyst material that helps to split water.

"It's a very complicated structure, so our focus in this study has been to understand the function of each layer and how it helps improve the properties of the material. The new material has eight times better performance than pure cubic silicon carbide for splitting water into hydrogen," says Jianwu Sun.




When sunlight hits the material, electric charges are generated, which are then used to split water. A challenge in the development of materials for this application is to prevent the positive and negative charges from merging again and neutralising each other. In their study, the researchers show that by combining a layer of cubic silicon carbide with the other two layers, the material, known as Ni(OH)2/Co3O4/3C-SiC, becomes more able to separate the charges, thereby making the splitting of water more effective.

Today, there is a distinction between "grey" and "green" hydrogen. Almost all hydrogen present on the market is "grey" hydrogen produced from a fossil fuel called natural gas or fossil gas. The production of one tonne of "grey" hydrogen gas causes emission of up to ten tonnes of carbon dioxide, which contributes to the greenhouse effect and climate change. "Green" hydrogen is produced using renewable electricity as a source of energy.

The long-term goal of the LiU researchers is to be able to use only energy from the sun to drive the photochemical reaction to produce "green" hydrogen. Most materials under development today have an efficiency of between 1 and 3 per cent, but for commercialisation of this green hydrogen technology the target is 10 per cent efficiency. Being able to fully drive the reaction using solar energy would lower the cost of producing "green" hydrogen, compared to producing it using supplementary renewable electricity as is done with the technology used today. Jianwu Sun speculates that it may take around five to ten years for the research team to develop materials that reach the coveted 10 per cent limit.

The research has been funded with support from, among others, the Swedish Foundation for International Cooperation in Research and Higher Education (STINT), the Olle Engkvists Stiftelse, the AForsk Foundation, the Carl Tryggers Stiftelse and through the Swedish Government Strategic Research Area in Advanced Functional Materials (AFM) at Linkoping University.
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From cursed tomb fungus to cancer cure: Aspergillus flavus yields potent new drug | ScienceDaily
Penn-led researchers have turned a deadly fungus into a potent cancer-fighting compound. After isolating a new class of molecules from Aspergillus flavus, a toxic crop fungus linked to deaths in the excavations of ancient tombs, the researchers modified the chemicals and tested them against leukemia cells. The result? A promising cancer-killing compound that rivals FDA-approved drugs and opens up new frontiers in the discovery of more fungal medicines.


						
"Fungi gave us penicillin," says Sherry Gao, Presidential Penn Compact Associate Professor in Chemical and Biomolecular Engineering (CBE) and in Bioengineering (BE) and senior author of a new paper in Nature Chemical Biologyon the findings. "These results show that many more medicines derived from natural products remain to be found."

From Curse to Cure

Aspergillus flavus, named for its yellow spores, has long been a microbial villain. After archaeologists opened King Tutankhamun's tomb in the 1920s, a series of untimely deaths among the excavation team fueled rumors of a pharaoh's curse. Decades later, doctors theorized that fungal spores, dormant for millennia, could have played a role.

In the 1970s, a dozen scientists entered the tomb of Casimir IV in Poland. Within weeks, 10 of them died. Later investigations revealed the tomb contained A. flavus, whose toxins can lead to lung infections, especially in people with compromised immune systems.

Now, that same fungus is the unlikely source of a promising new cancer therapy.

A Rare Fungal Find

The therapy in question is a class of ribosomally synthesized and post-translationally modified peptides, or RiPPs, pronounced like the "rip" in a piece of fabric. The name refers to how the compound is produced -- by the ribosome, a tiny cellular structure that makes proteins -- and the fact that it is modified later, in this case, to enhance its cancer-killing properties.




"Purifying these chemicals is difficult," says Qiuyue Nie, a postdoctoral fellow in CBE and the paper's first author. While thousands of RiPPs have been identified in bacteria, only a handful have been found in fungi. In part, this is because past researchers misidentified fungal RiPPs as non-ribosomal peptides and had little understanding of how fungi created the molecules. "The synthesis of these compounds is complicated," adds Nie. "But that's also what gives them this remarkable bioactivity."

Hunting for Chemicals

To find more fungal RiPPs, the researchers first scanned a dozen strains of Aspergillus, which previous research suggested might contain more of the chemicals.

By comparing chemicals produced by these strains with known RiPP building blocks, the researchers identified A. flavus as a promising candidate for further study.

Genetic analysis pointed to a particular protein in A. flavus as a source of fungal RiPPs. When the researchers turned the genes that create that protein off, the chemical markers indicating the presence of RiPPs also disappeared.

This novel approach -- combining metabolic and genetic information -- not only pinpointed the source of fungal RiPPs in A. flavus, but could be used to find more fungal RiPPs in the future.




A Potent New Medicine

After purifying four different RiPPs, the researchers found the molecules shared a unique structure of interlocking rings. The researchers named these molecules, which have never been previously described, after the fungus in which they were found: asperigimycins.

Even with no modification, when mixed with human cancer cells, asperigimycins demonstrated medical potential: two of the four variants had potent effects against leukemia cells.

Another variant, to which the researchers added a lipid, or fatty molecule, that is also found in the royal jelly that nourishes developing bees, performed as well as cytarabine and daunorubicin, two FDA-approved drugs that have been used for decades to treat leukemia.

Cracking the Code of Cell Entry

To understand why lipids enhanced asperigimycins' potency, the researchers selectively turned genes on and off in the leukemia cells. One gene, SLC46A3, proved critical in allowing asperigimycins to enter leukemia cells in sufficient numbers.

That gene helps materials exit lysosomes, the tiny sacs that collect foreign materials entering human cells. "This gene acts like a gateway," says Nie. "It doesn't just help asperigimycins get into cells, it may also enable other 'cyclic peptides' to do the same."

Like asperigimycins, those chemicals have medicinal properties -- nearly two dozen cyclic peptides have received clinical approval since 2000 to treat diseases as varied as cancer and lupus -- but many of them need modification to enter cells in sufficient quantities.

"Knowing that lipids can affect how this gene transports chemicals into cells gives us another tool for drug development," says Nie.

Disrupting Cell Division

Through further experimentation, the researchers found that asperigimycins likely disrupt the process of cell division. "Cancer cells divide uncontrollably," says Gao. "These compounds block the formation of microtubules, which are essential for cell division."

Notably, the compounds had little to no effect on breast, liver or lung cancer cells -- or a range of bacteria and fungi -- suggesting that asperigimycins' disruptive effects are specific to certain types of cells, a critical feature for any future medication.

Future Directions

In addition to demonstrating the medical potential of asperigimycins, the researchers identified similar clusters of genes in other fungi, suggesting that more fungal RiPPS remain to be discovered. "Even though only a few have been found, almost all of them have strong bioactivity," says Nie. "This is an unexplored region with tremendous potential."

The next step is to test asperigimycins in animal models, with the hope of one day moving to human clinical trials. "Nature has given us this incredible pharmacy," says Gao. "It's up to us to uncover its secrets. As engineers, we're excited to keep exploring, learning from nature and using that knowledge to design better solutions."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science; Rice University; the University of Pittsburgh; The University of Texas MD Anderson Cancer Center; Washington University School of Medicine, St. Louis; Baylor College of Medicine and the University of Porto. 

The study was supported by the U.S. National Institutes of Health (R35GM138207, R35CA274235, R35GM128779), the University of Pennsylvania, the Welch Foundation (C-2033-20200401), the Houston Area Molecular Biophysics Program (NIH Grant T32 GM008280), the Cancer Prevention and Research Institute of Texas (RR220087, RR210029) and the National Science Foundation (OAC-2117681, OAC-1928147, OAC-1928224). 

Additional co-authors include Fanglong Zhao, Xuerong Yu, Caleb Chang, Rory Sharkey, Bryce Kille, Hongzi Zheng, Kevin Yang, Alan Du, Todd Treangen, Yang Gao and Hans Renata of Rice University; Chunxiao Sun and Shuai Liu of Penn Engineering and Rice; Siting Li and Junjie Chen of MD Anderson; Mithun C. Madhusudhanan and Peng Liu of Pitt; Sandipan Roy Chowdhury, Dongyin Guan, Jin Wang, Xin Yu and Dishu Zhou of Baylor; Maria Zotova and Zichen Hu of Penn Engineering; Sandra A. Figueiredo and Pedro N. Leao of the University of Porto; and Andy Xu and Rui Tang of Wash U, St. Louis.
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Quantum dice: Scientists harness true randomness from entangled photons | ScienceDaily
Randomness is incredibly useful. People often draw straws, throw dice or flip coins to make fair choices. Random numbers can enable auditors to make completely unbiased selections. Randomness is also key in security; if a password or code is an unguessable string of numbers, it's harder to crack. Many of our cryptographic systems today use random number generators to produce secure keys.


						
But how do you know that a random number is truly random? Classical computer algorithms can only create pseudo-random numbers, and someone with enough knowledge of the algorithm or the system could manipulate it or predict the next number. An expert in sleight of hand could rig a coin flip to guarantee a heads or tails result. Even the most careful coin flips can have bias; with enough study, their outcomes could be predicted.

"True randomness is something that nothing in the universe can predict in advance," said Krister Shalm, a physicist at the National Institute of Standards and Technology (NIST). Even if a random number generator used seemingly random processes in nature, it would be hard to verify that those numbers are truly random, Shalm added.

Einstein believed that nature isn't random, famously saying, "God does not play dice with the universe." Scientists have since proved that Einstein was wrong. Unlike dice or computer algorithms, quantum mechanics is inherently random. Carrying out a quantum experiment called a Bell test, Shalm and his team have transformed this source of true quantum randomness into a traceable and certifiable random-number service.

"If God does play dice with the universe, then you can turn that into the best random number generator that the universe allows," Shalm said. "We really wanted to take that experiment out of the lab and turn it into a useful public service."

To make that happen, NIST researchers and their colleagues at the University of Colorado Boulder created the Colorado University Randomness Beacon (CURBy). CURBy produces random numbers automatically and broadcasts them daily through a website for anyone to use.

At the heart of this service is the NIST-run Bell test, which provides truly random results. This randomness acts as a kind of raw material that the rest of the researchers' setup "refines" into random numbers published by the beacon.




The Bell test measures pairs of "entangled" photons whose properties are correlated even when separated by vast distances. When researchers measure an individual particle, the outcome is random, but the properties of the pair are more correlated than classical physics allows, enabling researchers to verify the randomness. Einstein called this quantum nonlocality "spooky action at a distance."

This is the first random number generator service to use quantum nonlocality as a source of its numbers, and the most transparent source of random numbers to date. That's because the results are certifiable and traceable to a greater extent than ever before.

"CURBy is one of the first publicly available services that operates with a provable quantum advantage. That's a big milestone for us," Shalm explained. "The quality and origin of these random bits can be directly certified in a way that conventional random number generators are unable to."

NIST performed one of the first complete experimental Bell tests in 2015, which firmly established that quantum mechanics is truly random. In 2018, NIST pioneered methods to use these Bell tests to build the world's first sources of true randomness.

However, turning these quantum correlations into random numbers is hard work. NIST's first breakthrough demonstrations of the Bell test required months of setup to run for a few hours, and it took a great deal of time to collect enough data to generate 512 bits of true randomness. Shalm and the team spent the past few years building the experiment to be robust and to run automatically so it can provide random numbers on demand. In its first 40 days of operation, the protocol produced random numbers 7,434 times out of 7,454 attempts, a 99.7% success rate.

The process starts by generating a pair of entangled photons inside a special nonlinear crystal. The photons travel via optical fiber to separate labs at opposite ends of the hall. Once the photons reach the labs, their polarizations are measured. The outcomes of these measurements are truly random. This process is repeated 250,000 times per second.




NIST passes millions of these quantum coin flips to a computer program at the University of Colorado Boulder. Special processing steps and strict protocols are used to turn the outcomes of the quantum measurements on entangled photons into 512 random bits of binary code (0s and 1s). The result is a set of random bits that no one, not even Einstein, could have predicted. In some sense, this system acts as the universe's best coin flip.

NIST and its collaborators added the ability to trace and verify every step in the randomness generation process. They developed the Twine protocol, a novel set of quantum-compatible blockchain technologies that enable multiple different entities to work together to generate and certify the randomness from the Bell test. The Twine protocol marks each set of data for the beacon with a hash. Hashes are used in blockchain technology to mark sets of data with a digital fingerprint, allowing each block of data to be identified and scrutinized.

The Twine protocol allows any user to verify the data behind each random number, explained Jasper Palfree, a research assistant on the project at the University of Colorado Boulder. The protocol can expand to let other random number beacons join the hash graph, creating a network of randomness that everyone contributes to but no individual controls.

Intertwining these hash chains acts as a timestamp, linking the data for the beacon together into a traceable data structure. It also provides security, allowing Twine protocol participants to immediately spot manipulation of the data.

"The Twine protocol lets us weave together all these other beacons into a tapestry of trust," Palfree added.

Turning a complex quantum physics problem into a public service is exactly why this work appealed to Gautam Kavuri, a graduate student on the project. The whole process is open source and available to the public, allowing anyone to not only check their work, but even build on the beacon to create their own random number generator.

CURBy can be used anywhere an independent, public source of random numbers would be useful, such as selecting jury candidates, making a random selection for an audit, or assigning resources through a public lottery.

"I wanted to build something that is useful. It's this cool thing that is the cutting edge of fundamental science," Kavuri added. "NIST is a place where you have that freedom to pursue projects that are ambitious but also will give you something useful."
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Affordances in the brain: The human superpower AI hasn't mastered | ScienceDaily
How do you intuitively know that you can walk on a footpath and swim in a lake? Researchers from the University of Amsterdam have discovered unique brain activations that reflect how we can move our bodies through an environment. The study not only sheds new light on how the human brain works, but also shows where artificial intelligence is lagging behind. According to the researchers, AI could become more sustainable and human-friendly if it incorporated this knowledge about the human brain.


						
When we see a picture of an unfamiliar environment -- a mountain path, a busy street, or a river -- we immediately know how we could move around in it: walk, cycle, swim or not go any further. That sounds simple, but how does your brain actually determine these action opportunities?

PhD student Clemens Bartnik and a team of co-authors show how we make estimates of possible actions thanks to unique brain patterns. The team, led by computational neuroscientist Iris Groen, also compared this human ability with a large number of AI models, including ChatGPT. "AI models turned out to be less good at this and still have a lot to learn from the efficient human brain," Groen concludes.

Viewing images in the MRI scanner

Using an MRI scanner, the team investigated what happens in the brain when people look at various photos of indoor and outdoor environments. The participants used a button to indicate whether the image invited them to walk, cycle, drive, swim, boat or climb. At the same time, their brain activity was measured.

"We wanted to know: when you look at a scene, do you mainly see what is there -- such as objects or colors -- or do you also automatically see what you can do with it," says Groen. "Psychologists call the latter "affordances" -- opportunities for action; imagine a staircase that you can climb, or an open field that you can run through."

Unique processes in the brain

The team discovered that certain areas in the visual cortex become active in a way that cannot be explained by visible objects in the image. "What we saw was unique," says Groen. "These brain areas not only represent what can be seen, but also what you can do with it." The brain did this even when participants were not given an explicit action instruction. 'These action possibilities are therefore processed automatically," says Groen. "Even if you do not consciously think about what you can do in an environment, your brain still registers it."




The research thus demonstrates for the first time that affordances are not only a psychological concept, but also a measurable property of our brains.

What AI doesn't understand yet

The team also compared how well AI algorithms -- such as image recognition models or GPT-4 -- can estimate what you can do in a given environment. They were worse at predicting possible actions. "When trained specifically for action recognition, they could somewhat approximate human judgments, but the human brain patterns didn't match the models' internal calculations," Groen explains.

"Even the best AI models don't give exactly the same answers as humans, even though it's such a simple task for us," Groen says. "This shows that our way of seeing is deeply intertwined with how we interact with the world. We connect our perception to our experience in a physical world. AI models can't do that because they only exist in a computer."

AI can still learn from the human brain

The research thus touches on larger questions about the development of reliable and efficient AI. "As more sectors -- from healthcare to robotics -- use AI, it is becoming important that machines not only recognize what something is, but also understand what it can do," Groen explains. "For example, a robot that has to find its way in a disaster area, or a self-driving car that can tell apart a bike path from a driveway."

Groen also points out the sustainable aspect of AI. "Current AI training methods use a huge amount of energy and are often only accessible to large tech companies. More knowledge about how our brain works, and how the human brain processes certain information very quickly and efficiently, can help make AI smarter, more economical and more human-friendly."
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Rice University breakthrough keeps CO2 electrolyzers running 50x longer | ScienceDaily
A team of researchers at Rice University have discovered a surprisingly simple method for vastly improving the stability of electrochemical devices that convert carbon dioxide into useful fuels and chemicals, and it involves nothing more than sending the CO2 through an acid bubbler.


						
Their study, published in Science, addresses a major bottleneck in the performance and stability of CO2 reduction systems: the buildup of salt that clogs gas flow channels, reduces efficiency and causes the devices to fail prematurely. Using a technique they call acid-humidified CO2, the researchers extended the operational life of a CO2 reduction system more than 50-fold, demonstrating more than 4,500 hours of stable operation in a scaled-up reactor -- a milestone for the field.

Electrochemical CO2 reduction, or CO2RR, is an emerging green technology that uses electricity, ideally from renewable sources, to transform climate-warming CO2 into valuable products like carbon monoxide, ethylene or alcohols. These products can be further refined into fuels or used in industrial processes, potentially turning a major pollutant into a feedstock.

However, practical implementation has been hindered by poor system stability. One persistent issue is the accumulation of potassium bicarbonate salts in the gas flow channels, which occurs when potassium ions migrate from the anolyte across the anion exchange membrane to the cathode reaction zone and combine with CO2 under high pH conditions.

"Salt precipitation blocks CO2 transport and floods the gas diffusion electrode, which leads to performance failure," said Haotian Wang , the corresponding author of the study and associate professor of chemical and biomolecular engineering, materials science and nanoengineering and chemistry at Rice. "This typically happens within a few hundred hours, which is far from commercial viability."

To combat this, the Rice team tried an elegant twist on a standard procedure. Instead of using water to humidify the CO2 gas input into the reactor, they bubbled the gas through an acid solution such as hydrochloric, formic or acetic acid.

The vapor from the acid is carried into the cathode reaction chamber in trace amounts, just enough to alter the local chemistry. Because the salts formed with these acids are much more soluble than potassium bicarbonate, they don't crystallize and block the channels.




The effect was dramatic. In tests using a silver catalyst -- a common benchmark for converting CO2 to carbon monoxide -- the system operated stably for over 2,000 hours in a lab-scale device and more than 4,500 hours in a 100-square-centimeter, scaled-up electrolyzer. In contrast, systems using standard water-humidified CO2 failed after about 80 hours because of salt buildup.

Importantly, the acid-humidified method proved effective across multiple catalyst types, including zinc oxide, copper oxide and bismuth oxide, all of which are used to target different CO2RR products. The researchers also demonstrated that the method could be scaled without compromising performance with large-scale devices maintaining energy efficiency and avoiding salt blockage over extended periods.

They observed minimal corrosion or damage to the anion exchange membranes that are typically sensitive to chloride by keeping the acid concentrations low. The approach was also shown to be compatible with commonly used membranes and materials, reinforcing its potential for integration into existing systems.

To observe salt formation in real time, the team used custom-built reactors with transparent flow plates. Under conventional water humidification, salt crystals began forming within 48 hours. With acid-humidified CO2, however, no significant crystal accumulation was observed even after hundreds of hours, and any small deposits were eventually dissolved and carried out of the system.

"Using the traditional method of water-humidified CO2 could lead to salt formation in the cathode gas flow channels," said co-first author Shaoyun Hao, postdoctoral research associate in chemical and biomolecular engineering at Rice. "We hypothesized -- and confirmed -- that acid vapor could dissolve the salt and convert the low solubility KHCO3 into salt with higher solubility, thus shifting the solubility balance just enough to avoid clogging without affecting catalyst performance."

The work opens the door to more durable, scalable CO2 electrolyzers, a critical need if the technology is to be deployed at industrial scales as part of carbon capture and utilization strategies. The simplicity of the approach, involving only small tweaks to existing humidification setups, means it can be adopted without significant redesigns or added costs.

"This is a major finding for CO2 electrolysis," said Ahmad Elgazzar, co-first author and graduate student in chemical and biomolecular engineering at Rice. "Our method addresses a long-standing obstacle with a low-cost, easily implementable solution. It's a step toward making carbon utilization technologies more commercially viable and more sustainable."

This work was supported by the Robert A. Welch Foundation, Rice, the National Science Foundation and the David and Lucile Packard Foundation.
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What the Universe tried to hide: The 21-centimeter signal explained | ScienceDaily
Understanding how the universe transitioned from darkness to light with the formation of the first stars and galaxies is a key turning point in the universe's development, known as the Cosmic Dawn. However, even with the most powerful telescopes, we can't directly observe these earliest stars, so determining their properties is one of the biggest challenges in astronomy.


						
Now, an international group of astronomers led by the University of Cambridge have shown that we will be able to learn about the masses of the earliest stars by studying a specific radio signal - created by hydrogen atoms filling the gaps between star-forming regions - originating just a hundred million years after the Big Bang.

By studying how the first stars and their remnants affected this signal, called the 21-centimeter signal, the researchers have shown that future radio telescopes will help us understand the very early universe, and how it transformed from a nearly homogeneous mass of mostly hydrogen to the incredible complexity we see today. Their results are reported in the journal Nature Astronomy.

"This is a unique opportunity to learn how the universe's first light emerged from the darkness," said co-author Professor Anastasia Fialkov from Cambridge's Institute of Astronomy. "The transition from a cold, dark universe to one filled with stars is a story we're only beginning to understand."

The study of the universe's most ancient stars hinges on the faint glow of the 21-centimetre signal, a subtle energy signal from over 13 billion years ago. This signal, influenced by the radiation from early stars and black holes, provides a rare window into the universe's infancy.

Fialkov leads the theory group of REACH (the Radio Experiment for the Analysis of Cosmic Hydrogen). REACH is a radio antenna and is one of two major projects that could help us learn about the Cosmic Dawn and the Epoch of Reionisation, when the first stars reionised neutral hydrogen atoms in the universe.

Although REACH, which captures radio signals, is still in its calibration stage, it promises to reveal data about the early universe. Meanwhile, the Square Kilometre Array (SKA) -- a massive array of antennas under construction -- will map fluctuations in cosmic signals across vast regions of the sky.




Both projects are vital in probing the masses, luminosities, and distribution of the universe's earliest stars. In the current study, Fialkov - who is also a member of the SKA - and her collaborators developed a model that makes predictions for the 21-centimeter signal for both REACH and SKA, and found that the signal is sensitive to the masses of first stars.

"We are the first group to consistently model the dependence of the 21-centimeter signal of the masses of the first stars, including the impact of ultraviolet starlight and X-ray emissions from X-ray binaries produced when the first stars die," said Fialkov, who is also a member of Cambridge's Kavli Institute for Cosmology. "These insights are derived from simulations that integrate the primordial conditions of the universe, such as the hydrogen-helium composition produced by the Big Bang."

In developing their theoretical model, the researchers studied how the 21-centimeter signal reacts to the mass distribution of the first stars, known as Population III stars. They found that previous studies have underestimated this connection as they did not account for the number and brightness of X-ray binaries - binary systems made of a normal star and a collapsed star - among Population III stars, and how they affect the 21-centimeter signal.

Unlike optical telescopes like the James Webb Space Telescope, which capture vivid images, radio astronomy relies on statistical analysis of faint signals. REACH and SKA will not be able to image individual stars, but will instead provide information about entire populations of stars, X-ray binary systems and galaxies.

"It takes a bit of imagination to connect radio data to the story of the first stars, but the implications are profound," said Fialkov.

"The predictions we are reporting have huge implications for our understanding of the nature of the very first stars in the Universe," said co-author Dr Eloy de Lera Acedo, Principal Investigator of the REACH telescope and PI at Cambridge of the SKA development activities. "We show evidence that our radio telescopes can tell us details about the mass of those first stars and how these early lights may have been very different from today's stars.

"Radio telescopes like REACH are promising to unlock the mysteries of the infant Universe, and these predictions are essential to guide the radio observations we are doing from the Karoo, in South Africa."

The research was supported in part by the Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI). Anastasia Fialkov is a Fellow of Magdalene College, Cambridge. Eloy de Lera Acedo is an STFC Ernest Rutherford Fellow and a Fellow of Selwyn College, Cambridge.
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Breakthrough magnet design could transform MRI and magnetic levitation | ScienceDaily
Physicists Prof. Dr. Ingo Rehberg from the University of Bayreuth and Dr. Peter Blumler from Johannes Gutenberg University Mainz have developed and experimentally validated an innovative approach for generating homogeneous magnetic fields using permanent magnets. Their method outperforms the classical Halbach arrangement -- which is optimal only for infinitely long and therefore unrealizable magnets -- by producing higher field strengths and improved homogeneity in compact, finite-sized configurations. The study was published in the renowned interdisciplinary journal Physical Review Applied, which shows significant advances in the applied sciences at the intersection of physics with engineering, materials science, chemistry, biology, and medicine.


						
A New Approach to Magnetic Field Homogenization

Homogeneous magnetic fields can be generated over relatively large spatial regions through the targeted arrangement of permanent magnets. A well-known example of an effective design is the so-called Halbach array. However, this approach is based on the idealized assumption that very long -- ideally infinitely long -- magnets (line dipoles) can be arranged in a circle in such a way that the individual contributions superimpose to produce a homogeneous magnetic field in the center region. In practical applications, using magnets of finite length, the resulting field deviates significantly from this ideal: the field strength inside the circle varies considerably depending on the position. The classical Halbach geometry is therefore clearly suboptimal for compact, practically implementable magnet arrangements when the aim is to achieve the strongest and/or most uniform magnetic field possible.

In their work, Peter Blumler and Ingo Rehberg present optimal three-dimensional arrangements of very compact magnets, idealized by point dipoles. With a view to possible applications, they investigated, among other things, the optimal orientation of the magnets for two geometries relevant to practical use: a single ring and a stacked double ring. A so-called "focused" design additionally allows the generation of homogeneous fields outside the magnet plane, for example in an object positioned above the magnets.

For these new arrangements, Rehberg and Blumler developed analytical formulas, which they subsequently validated experimentally. To this end, they constructed magnet arrays from 16 FeNdB cuboids mounted on 3D-printed supports. The resulting magnetic fields were measured and compared with theoretical predictions, revealing excellent agreement. In terms of both magnetic field strength and homogeneity, the new configurations clearly outperform the classical Halbach arrangement as well as its modifications described in the literature.

Potential for Numerous Applications

The new design concepts offer great potential for applications in which strong and homogeneous magnetic fields are required. In conventional magnetic resonance imaging (MRI), for example, powerful superconducting magnets are used to polarize hydrogen nuclei in tissue. These nuclei are then excited by radio waves, generating measurable voltages in detectors surrounding the body. Algorithms use these signals to calculate detailed cross-sectional images that allow physicians to distinguish tissue types based on properties such as density, water or fat content and diffusion. However, superconducting magnets are technically complex and extremely costly, making this technology hardly available in many parts of the world. For such cases, intensive research is underway to develop alternative methods for generating homogeneous magnetic fields using permanent magnets -- a field to which the present study makes a promising contribution. Further potential areas of application include particle accelerators and magnetic levitation systems.
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Half of today's jobs could vanish-Here's how smart countries are future-proofing workers | ScienceDaily
Artificial intelligence is spreading into many aspects of life, from communications and advertising to grading tests. But with the growth of AI comes a shake-up in the workplace.


						
New research from the University of Georgia is shedding light on how different countries are preparing for how AI will impact their workforces.

According to previous research, almost half of today's jobs could vanish over the next 20 years. But it's not all doom and gloom.

Researchers also estimate that 65% of current elementary school students will have jobs in the future that don't exist now. Most of these new careers will require advanced AI skills and knowledge.

"Human soft skills, such as creativity, collaboration and communication cannot be replaced by AI." -- Lehong Shi, College of Education

To tackle these challenges, governments around the world are taking steps to help their citizens gain the skills they'll need. The present study examined 50 countries' national AI strategies, focusing on policies for education and the workforce.

Learning what other countries are doing could help the U.S. improve its own plans for workforce preparation in the era of AI, the researcher said.




"AI skills and competencies are very important," said Lehong Shi, author of the study and an assistant research scientist at UGA's Mary Frances Early College of Education. "If you want to be competitive in other areas, it's very important to prepare employees to work with AI in the future."

Some countries put larger focus on training, education

Shi used six indicators to evaluate each country's prioritization on AI workforce training and education: the plan's objective, how goals will be reached, examples of projects, how success will be measured, how projects will be supported and the timelines for each project.

Each nation was classified as giving high, medium or low priority to prepare an AI competent workforce depending on how each aspect of their plan was detailed.

Of the countries studied, only 13 gave high prioritization to training the current workforce and improving AI education in schools. Eleven of those were European countries, with Mexico and Australia being the two exceptions. This may be because European nations tend to have more resources for training and cultures of lifelong learning, the researcher said.

The United States was one of 23 countries that considered workforce training and AI education a medium priority, with a less detailed plan compared to countries that saw them as a high priority.




Different countries prioritize different issues when it comes to AI preparation

Some common themes emerged between countries, even when their approaches to AI differed. For example, almost every nation aimed to establish or improve AI-focused programs in universities. Some also aimed to improve AI education for K-12 students.

On-the-job training was also a priority for more than half the countries, with some offering industry-specific training programs or internships. However, few focused on vulnerable populations such as the elderly or unemployed through programs to teach them basic AI skills.

Shi stressed that just because a country gives less prioritization to education and workforce preparation doesn't mean AI isn't on its radar. Some Asian countries, for example, put more effort into improving national security and health care rather than education.

Cultivating interest in AI could help students prepare for careers

Some countries took a lifelong approach to developing these specialized skills. Germany, for instance, emphasized creating a culture that encourages interest in AI. Spain started teaching kids AI-related skills as early as preschool.

Of the many actions governments took, Shi noted one area that needs more emphasis when preparing future AI-empowered workplaces. "Human soft skills, such as creativity, collaboration and communication cannot be replaced by AI," Shi said. "And they were only mentioned by a few countries."

Developing these sorts of "soft skills" is key to making sure students and employees continue to have a place in the workforce.

This study was published in Human Resource Development Review.
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Quantum breakthrough: 'Magic states' now easier, faster, and way less noisy | ScienceDaily
For decades, quantum computers that perform calculations millions of times faster than conventional computers have remained a tantalizing yet distant goal. However, a new breakthrough in quantum physics may have just sped up the timeline.
In an article published in PRX Quantum, researchers from the Graduate School of Engineering Science and the Center for Quantum Information and Quantum Biology at The University of Osaka devised a method that can be used to prepare high-fidelity "magic states" for use in quantum computers with dramatically less overhead and unprecedented accuracy.
Quantum computers harness the fantastic properties of quantum mechanics such as entanglement and superposition to perform calculations much more efficiently than classical computers can. Such machines could catalyze innovations in fields as diverse as engineering, finance, and biotechnology. But before this can happen, there is a significant obstacle that must be overcome.
"Quantum systems have always been extremely susceptible to noise," says lead researcher Tomohiro Itogawa. "Even the slightest perturbation in temperature or a single wayward photon from an external source can easily ruin a quantum computer setup, making it useless. Noise is absolutely the number one enemy of quantum computers."
Thus, scientists have become very interested in building so-called fault-tolerant quantum computers, which are robust enough to continue computing accurately even when subject to noise. Magic state distillation, in which a single high-fidelity quantum state is prepared from many noisy ones, is a popular method for creating such systems. But there is a catch.
"The distillation of magic states is traditionally a very computationally expensive process because it requires many qubits," explains Keisuke Fujii, senior author. "We wanted to explore if there was any way of expediting the preparation of the high-fidelity states necessary for quantum computation."
Following this line of inquiry, the team was inspired to create a "level-zero" version of magic state distillation, in which a fault-tolerant circuit is developed at the physical qubit or "zeroth" level as opposed to higher, more abstract levels. In addition to requiring far fewer qubits, this new method led to a roughly several dozen times decrease in spatial and temporal overhead compared with that of the traditional version in numerical simulations.
Itogawa and Fujii are optimistic that the era of quantum computing is not as far off as we imagine. Whether one calls it magic or physics, this technique certainly marks an important step toward the development of larger-scale quantum computers that can withstand noise.
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FDA under fire: Data discrepancies uncovered in AstraZeneca approval trials | ScienceDaily

For more than a decade, ticagrelor (Brilinta in the US and Brilique in Europe) has been recommended for patients with acute coronary syndrome -- a range of conditions related to sudden reduced blood flow to the heart.

Last December, an investigation by The BMJ found serious data integrity problems in the landmark clinical trial (PLATO) that was used to gain worldwide approval for ticagrelor, calling into question the drug's advantage over cheaper rivals.

Now, as generic versions of the drug prepare to launch this year, The BMJ has expanded its investigation, looking at two key platelet studies that AstraZeneca claimed explained ticagrelor's ability to treat acute coronary syndrome successfully.

It finds that the "primary endpoint" results (the trial's key measurement) for both clinical trials were inaccurately reported in the leading cardiology journal Circulation, and reveals that more than 60 of 282 readings from platelet machines used in the trials were not present in US Food and Drug Administration (FDA) datasets.

What's more, one active trial investigator never became a study author, while one author told The BMJ he was not involved in the trial, and most investigators, including the principal investigator, were unreachable or declined to be interviewed.

Victor Serebruany, an adjunct faculty member at Johns Hopkins University and ticagrelor's most renowned critic, told The BMJ that "there are episodes of skyrocketing rebound and profound platelet inhibition after ticagrelor making patients prone to thrombosis or bleeding. If doctors had known what happened in these trials, they would never have started using ticagrelor."

Circulation and AstraZeneca did not respond to a request for comment.

Serebruany added: "It's been obvious for years that there is something wrong with the data. That the FDA's leadership could look past all these problems -- on top of the many problems their own reviewers identified and are now being discovered by The BMJ -- is unconscionable. We all need to know how and why that happened."
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Sharpest-ever solar view shows tiny stripes driving big space storms | ScienceDaily
A team of solar physicists has released a new study shedding light on the fine-scale structure of the Sun's surface. Using the unparalleled power of the U.S. National Science Foundation (NSF) Daniel K. Inouye Solar Telescope, built and operated by the NSF National Solar Observatory (NSO) on Maui, scientists have observed, for the first time ever in such high detail, ultra-narrow bright and dark stripes on the solar photosphere, offering unprecedented insight into how magnetic fields shape solar surface dynamics at scales as small as 20 kilometers (or 12.4 miles). The level of detail achieved allows us to clearly link these stripes to the ones we see in state-of-the-art simulations -- so we can better understand their nature.


						
These stripes, called striations and seen against the walls of solar convection cells known as granules, are the result of curtain-like sheets of magnetic fields that ripple and shift like fabric blowing in the wind. As light from the hot granule walls passes through these magnetic "curtains," the interaction produces a pattern of alternating brightness and darkness that traces variations in the underlying magnetic field. If the field is weaker in the curtain than in its surroundings it appears dark, if it is relatively stronger it appears bright.

"In this work, we investigate the fine-scale structure of the solar surface for the first time with an unprecedented spatial resolution of just about 20 kilometers, or the length of Manhattan Island," says NSO scientist Dr. David Kuridze, the study's lead author. "These striations are the fingerprints of fine-scale magnetic field variations."

The findings were not anticipated, and only possible because of the Inouye Solar Telescope's unprecedented abilities. The team used the Inouye's Visible Broadband Imager (VBI) instrument operating in the G-band, a specific range of visible light especially useful for studying the Sun because it highlights areas with strong magnetic activity, making features like sunspots and fine-scale structures like the ones in the study easier to see. The setup allows researchers to observe the solar photosphere at an impressive spatial resolution better than 0.03 arcseconds (i.e., about 20 kilometers on the Sun). This is the sharpest ever achieved in solar astronomy. To interpret their observations, the team compared the images with cutting-edge simulations that recreate the physics of the Sun's surface.

The study confirms that these striations are signatures of subtle but powerful magnetic fluctuations -- variations of only a hundred gauss, comparable to a typical refrigerator magnet's strength -- that alter the density and opacity of the plasma, shifting the visible surface by mere kilometers. These shifts, known as Wilson depressions, are detectable thanks only to the unique resolving power of the 4-meter primary mirror of the NSF Inouye Solar Telescope, the largest in the world.

"Magnetism is a fundamental phenomenon in the universe, and similar magnetically induced stripes have also been observed in more distant astrophysical objects, such as molecular clouds," shares NSO scientist and co-author of the study Dr. Han Uitenbroek. "Inouye's high resolution, in combination with simulations, allows us to better characterize the behavior of magnetic fields in a broad astrophysical context."

Studying the magnetic architecture of the solar surface is essential for understanding the most energetic events in the Sun's outer atmosphere -- such as flares, eruptions, and coronal mass ejections -- and, consequently, improving space weather predictions. This discovery not only enhances our understanding of this architecture but also opens the door to studying magnetic structures in other astrophysical contexts -- and at small scales once thought unachievable from Earth.

"This is just one of many firsts for the Inouye, demonstrating how it continues to push the frontier of solar research," says NSO Associate Director for the NSF Inouye Solar Telescope, Dr. David Boboltz. "It also underscores Inouye's vital role in understanding the small-scale physics that drive space weather events that impact our increasingly technological society here on Earth."

The paper describing this study, titled "The striated solar photosphere observed at 0.03'' resolution," is now available in The Astrophysical Journal Letters.
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Scientists create living building material that captures CO2 from the air | ScienceDaily
The idea seems futuristic: At ETH Zurich, various disciplines are working together to combine conventional materials with bacteria, algae and fungi. The common goal: to create living materials that acquire useful properties thanks to the metabolism of microorganisms -- "such as the ability to bind CO2 from the air by means of photosynthesis," says Mark Tibbitt, Professor of Macromolecular Engineering at ETH Zurich.


						
An interdisciplinary research team led by Tibbitt has now turned this vision into reality: it has stably incorporated photosynthetic bacteria -- known as cyanobacteria -- into a printable gel and developed a material that is alive, grows and actively removes carbon from the air. The researchers recently presented their "photosynthetic living material" in a study in the journal Nature Communications.

Key characteristic: Dual carbon sequestration

The material can be shaped using 3D printing and only requires sunlight and artificial seawater with readily available nutrients in addition to CO2 to grow. "As a building material, it could help to store CO2 directly in buildings in the future," says Tibbitt, who co-initiated the research into living materials at ETH Zurich.

The special thing about it: the living material absorbs much more CO2 than it binds through organic growth. "This is because the material can store carbon not only in biomass, but also in the form of minerals -- a special property of these cyanobacteria," reveals Tibbitt.

Yifan Cui, one of the two lead authors of the study, explains: "Cyanobacteria are among the oldest life forms in the world. They are highly efficient at photosynthesis and can utilize even the weakest light to produce biomass from CO2 and water."

At the same time, the bacteria change their chemical environment outside the cell as a result of photosynthesis, so that solid carbonates (such as lime) precipitate. These minerals represent an additional carbon sink and -- in contrast to biomass -- store CO2 in a more stable form.




Cyanobacteria as master builders

"We utilize this ability specifically in our material," says Cui, who is a doctoral student in Tibbitt's research group. A practical side effect: the minerals are deposited inside the material and reinforce it mechanically. In this way, the cyanobacteria slowly harden the initially soft structures.

Laboratory tests showed that the material continuously binds CO2 over a period of 400 days, most of it in mineral form -- around 26 milligrams of CO2 per gram of material. This is significantly more than many biological approaches and comparable to the chemical mineralization of recycled concrete (around 7 mg CO2 per gram).

Hydrogel as a habitat

The carrier material that harbours the living cells is a hydrogel -- a gel made of cross-linked polymers with a high water content. Tibbitt's team selected the polymer network so that it can transport light, CO2, water and nutrients and allows the cells to spread evenly inside without leaving the material.

To ensure that the cyanobacteria live as long as possible and remain efficient, the researchers have also optimised the geometry of the structures using 3D printing processes to increase the surface area, increase light penetration and promote the flow of nutrients.




Co-first author Dalia Dranseike: "In this way, we created structures that enable light penetration and passively distribute nutrient fluid throughout the body by capillary forces." Thanks to this design, the encapsulated cyanobacteria lived productively for more than a year, the materials researcher in Tibbitt's team is pleased to report.

Infrastructure as a carbon sink

The researchers see their living material as a low-energy and environmentally friendly approach that can bind CO2 from the atmosphere and supplement existing chemical processes for carbon sequestration. "In the future, we want to investigate how the material can be used as a coating for building facades to bind CO2 throughout the entire life cycle of a building," Tibbitt looks ahead.

There is still a long way to go -- but colleagues from the field of architecture have already taken up the concept and realised initial interpretations in an experimental way.

Two installations in Venice and Milan

Thanks to ETH doctoral student Andrea Shin Ling, basic research from the ETH laboratories has made it onto the big stage at the Architecture Biennale in Venice. "It was particularly challenging to scale up the production process from laboratory format to room dimensions," says the architect and bio-designer, who is also involved in this study.

Ling is doing her doctorate at ETH Professor Benjamin Dillenburger's Chair of Digital Building Technologies. In her dissertation, she developed a platform for biofabrication that can print living structures containing functional cyanobacteria on an architectural scale.

For the Picoplanktonics installation in the Canada Pavilion, the project team used the printed structures as living building blocks to construct two tree-trunk-like objects, the largest around three metres high. Thanks to the cyanobacteria, these can each bind up to 18 kg of CO2 per year -- about as much as a 20-year-old pine tree in the temperate zone.

"The installation is an experiment -- we have adapted the Canada Pavilion so that it provides enough light, humidity and warmth for the cyanobacteria to thrive and then we watch how they behave," says Ling. This is a commitment: The team monitors and maintains the installation on site -- daily. Until November 23.

At the 24th Triennale di Milano, Dafne's Skin is investigating the potential of living materials for future building envelopes. On a structure covered with wooden shingles, microorganisms form a deep green patina that changes the wood over time: A sign of decay becomes an active design element that binds CO2 and emphasises the aesthetics of microbial processes. Dafne's Skin is a collaboration between MAEID Studio and Dalia Dranseike. It is part of the exhibition "We the Bacteria: Notes Toward Biotic Architecture" and runs until November 9.

The photosynthetic living material was created thanks to an interdisciplinary collaboration within the framework of ALIVE (Advanced Engineering with Living Materials). The ETH Zurich initiative promotes collaboration between researchers from different disciplines in order to develop new living materials for a wide range of applications.
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Plants' secret second roots rewrite the climate playbook | ScienceDaily
Plants and trees extend their roots into the earth in order to draw nutrients and water from the soil -- however, these roots are thought to decline as they move deeper underground. But a new study by a multi-institutional team of scientists shows that many plants develop a second, deeper layer of roots -- often more than three feet underground -- to access additional nourishment.


						
Published in the journal Nature Communications, the study reveals previously unrecognized rooting patterns, altering our understanding of how ecosystems

respond to changing environmental conditions. More importantly, the study suggests that plants might transport and store fixed carbon deeper than currently thought -- welcome news at a time when CO2 levels are at an 800,000-year high, according to the World Meteorological Organization's "State of the Global Climate Report" issued in March.

"Understanding where plants grow roots is vital, as deeper roots could mean safer and longer-term carbon storage. Harsher conditions at depth may prevent detritus-feeding microbes from releasing carbon back to the atmosphere," says Mingzhen Lu, an assistant professor at New York University's Department of Environmental Studies and the paper's lead author. "Our current ecological observations and models typically stop at shallow depths; by not looking deep enough, we may have overlooked a natural carbon storage mechanism deep underground."

The research team used data from the National Ecological Observatory Network (NEON) to examine rooting depth. The NEON database includes samples collected from soil 6.5 feet below the surface, far deeper than the one-foot depth of traditional ecological studies. This unprecedented depth allowed researchers to detect additional root patterns, spanning diverse climate zones and ecosystem types from the Alaskan tundra to Puerto Rico's rainforests.

The scientists' work focused on three questions -- all with the aim of better understanding plants' resource acquisition strategies and their resilience in response to environmental change:
    	How does the abundance of roots change with depth?
    	What are the factors that impact the distribution of roots with depth?
    	Are nutrients in deeper soils equally, under-, or over-exploited by fine roots compared with surface soil?

The researchers found that nearly 20 percent of the studied ecosystems had roots that peaked twice across depth -- a phenomenon called "bimodality." In these cases, plants developed a second, deeper layer of roots, often more than three feet underground and aligning with nutrient-rich soil layers.This suggests that plants grew -- in previously unknown ways -- to exploit additional sustenance.




"The current understanding of roots is literally too shallow. Above ground, we have eagle vision -- thanks to satellites and remote sensing. But below ground, we have mole vision," observes Lu, former Omidyar Fellow who conducted part of this research at the Sante Fe Institute and as a postdoctoral affiliate at Stanford University. "Our limited below ground vision means that we cannot estimate the full ability of plants to store carbon deep in the soil."

"Deep plant roots may cause increased soil carbon storage in one condition or lead to losses in other conditions due to a stimulation of soil microbes," suggests coauthor Avni Malhotra, the lead author of a companion study that investigated the connection between root distribution and soil carbon stock. "This discovery opens a new avenue of inquiry into how bimodal rooting patterns impact the dynamics of nutrient flow, water cycling, and the long-term capacity of soils to store carbon."

"Scientists and policymakers need to look deeper beneath the Earth's surface as these overlooked deep soil layers may hold critical keys for understanding and managing ecosystems in a rapidly changing climate," concludes Lu. "The good news is plants may already be naturally mitigating climate change more actively than we've realized -- we just need to dig deeper to fully understand their potential."

The study also included researchers from Boston College, Columbia University, Dartmouth College, the Morton Arboretum, the National Ecological Observatory Network-Battelle, Pacific Northwest National Laboratory, and Stanford University.
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Hydrogen fuel at half the cost? Scientists reveal a game-changing catalyst | ScienceDaily
To reduce greenhouse gas emissions and combat climate change, the world urgently needs clean and renewable energy sources. Hydrogen is one such clean energy source that has zero carbon content and stores much more energy by weight than gasoline. One promising method to produce hydrogen is electrochemical water-splitting, a process that uses electricity to break down water into hydrogen and oxygen. In combination with renewable energy sources, this method offers a sustainable way to produce hydrogen and can contribute to the reduction of greenhouse gases.


						
Unfortunately, large-scale production of hydrogen using this method is currently unfeasible due to the need for catalysts made from expensive rare earth metals. Consequently, researchers are exploring more affordable electrocatalysts, such as those made from diverse transition metals and compounds. Among these, transition metal phosphides (TMPs) have attracted considerable attention as catalysts for the hydrogen generating side of the process, known as hydrogen evolution reaction (HER), due to their favorable properties. However, they perform poorly in the oxygen evolution reaction (OER), which reduces overall efficiency. Previous studies suggest that Boron (B)-doping into TMPs can enhance both HER and OER performance, but until now, making such materials has been a challenge.

In a recent breakthrough, a research team led by Professor Seunghyun Lee, including Mr. Dun Chan Cha, from the Hanyang University ERICA campus in South Korea, has developed a new type of tunable electrocatalyst using B-doped cobalt phosphide (CoP) nanosheets. Prof. Lee explains, "We have successfully developed cobalt phosphides-based nanomaterials by adjusting boron doping and phosphorus content using metal-organic frameworks. These materials have better performance and lower cost than conventional electrocatalysts, making them suitable for large-scale hydrogen production." Their study was published in the journal Small on March 19, 2025.

The researchers used an innovative strategy to create these materials, using cobalt (Co) based metal-organic frameworks (MOFs). "MOFs are excellent precursors for designing and synthesizing nanomaterials with the required composition and structures," notes Mr. Cha. First, they grew Co-MOFs on nickel foam (NF). They then subjected this material to a post-synthesis modification (PSM) reaction with sodium borohydride (NaBH4), resulting in the integration of B. This was followed up by a phosphorization process using different amounts of sodium hypophosphite (NaH2PO2), resulting in the formation of three different samples of B-doped cobalt phosphide nanosheets (B-CoP@NC/NF).

Experiments revealed that all three samples had a large surface area and a mesoporous structure, key features that improve electrocatalytic activity. As a result, all three samples exhibited excellent OER and HER performance, with the sample made using 0.5 grams of NaH2PO2 (B-CoP0.5@NC/NF) demonstrating the best results. Interestingly, this sample exhibited overpotentials of 248 and 95 mV for OER and HER, respectively, much lower than previously reported electrocatalysts.

An alkaline electrolyzer developed using the B-CoP0.5@NC/NF electrodes showed a cell potential of just 1.59 V at a current density of 10 mA cm-2, lower than many recent electrolyzers. Additionally, at high current densities above 50 mA cm-2, it even outperformed the state-of-the-art RuO2/NF(+) and 20% Pt-C/NF([?]) electrolyzer, while also demonstrating long-term stability, maintaining its performance for over 100 hours.

Density functional theory (DFT) calculations supported these findings and clarified the role of B-doping and adjusting P content. Specifically, B-doping and optimal P content led to effective interaction with reaction intermediates, leading to exceptional electrocatalytic performance.

"Our findings offer a blueprint for designing and synthesizing next-generation high-efficiency catalysts that can drastically reduce hydrogen production costs," says Prof. Lee. "This is an important step towards making large-scale green hydrogen production a reality, which will ultimately help in reducing global carbon emissions and mitigating climate change.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250620231645.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Gravity, flipped: How tiny, porous particles sink faster in ocean snowstorms | ScienceDaily
The deep ocean can often look like a real-life snow globe. As organic particles from plant and animal matter on the surface sink downward, they combine with dust and other material to create "marine snow," a beautiful display of ocean weather that plays a crucial role in cycling carbon and other nutrients through the world's oceans.


						
Now, researchers from Brown University and the University of North Carolina at Chapel Hill have found surprising new insights into how particles sink in stratified fluids like oceans, where the density of the fluid changes with depth. In a study published in Proceedings of the National Academy of Sciences, they show that the speed at which particles sink is determined not only by resistive drag forces from the fluid, but by the rate at which they can absorb salt relative to their volume.

"It basically means that smaller particles can sink faster than bigger ones," said Robert Hunt, a postdoctoral researcher in Brown's School of Engineering who led the work. "That's exactly the opposite of what you'd expect in a fluid that has uniform density."

The researchers hope the new insights could aid in understanding the ocean nutrient cycle, as well as the settling of other porous particulates including microplastics.

"We ended up with a pretty simple formula where you can plug in estimates for different parameters -- the size of the particles or speed at which the liquid density changes -- and get reasonable estimates of the sinking speed," said Daniel Harris, an associate professor of engineering at Brown who oversaw the work. "There's value in having predictive power that's readily accessible."

The study grew out of prior work by Hunt and Harris investigating neutrally buoyant particles -- those that sink to a certain depth and then stop. Hunt noticed some strange behavior that seemed to be related to the porosity of the particles.

"We were testing a theory under the assumption that these particles would remain neutrally buoyant," Hunt said. "But when we observed them, they kept sinking, which was actually kind of frustrating."

That led to a new theoretical model of how porosity -- specifically, the ability to absorb salt -- would affect the rate at which they sunk. The model predicts that the more salt a particle can absorb relative to its size, the faster it sinks. That means, somewhat counterintuitively, that small porous particles sink faster than larger ones.




To test the model, the researchers developed a way to make a linearly stratified body of water in which the density of the liquid increased gradually with depth. To do that, they fed a large tub with water sourced from two smaller tubs, one with fresh water and the other with salt water. Controllable pumps from each tub enabled them to carefully control the density profile of the larger tub.

Using 3D-printed molds, the team then created particles of varying shapes and sizes made from agar, a gelatinous material derived from seaweed. Cameras imaged individual particles as they sank.

The experiments confirmed the predictions of the model. For spherical particles, smaller ones tended to sink faster. For thinner or flatter particles, their settling speed was primarily determined by their smallest dimension. That means that elongated particles actually sink faster than spherical ones of the same volume.

The results are surprising, the researchers said, and could provide important insights into how particles settle in more complex ecological settings -- either for understanding natural carbon cycling or for engineering ways of speeding up carbon capture in large bodies of water.

"We're not trying to replicate full oceanic conditions," Harris said. "The approach in our lab is to boil things down to their simplest form and think about the fundamental physics involved in these complex phenomena. Then we can work back and forth with people measuring these things in the field to understand where these fundamentals are relevant."

Harris says he hopes to connect with oceanographers and climate scientists to see what insights these new findings might provide.

Other co-authors of the research were Roberto Camassa and Richard McLaughlin from UNC Chappel Hill. The research was funded by the National Science Foundation (DMS-1909521, DMS-1910824, DMS-2308063) and the Office of Naval Research (N00014-18-1-2490 and N00014-23-1-2478).
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Photon-powered alchemy: How light is rewriting fossil fuel chemistry | ScienceDaily

The work is led at CSU by professors Garret Miyake and Robert Paton from the Department of Chemistry and the Center for Sustainable Photoredox Catalysis (SuPRCat). Their system - inspired by photosynthesis - uses visible light to gently alter the properties of chemical compounds. It does this by exposing them to two separate photons (light particles) to generate energy needed for the desired reactions. A single photon does not normally carry enough energy for these processes, said Miyake. By combining energy from two light particles, the team's system can perform super-reducing reactions - chemical changes that require a lot of energy to break tough bonds or add electrons - easily.

Miyake said their system was tested on a group of chemical compounds called aromatic hydrocarbons - otherwise known as arenes. These compounds are usually resistant to change.

"This technology is the most efficient system currently available for reducing arenes - such as benzene in fossil fuels - for the production of chemicals needed for plastics and medicine," Miyake said. "Usually generating these reactions is difficult and energy intensive because the original bonds are so strong."

The research continues work being done through the U.S. National Science Foundation Center for Sustainable Photoredox Catalysis at CSU. Miyake is the director of that multi-institution research effort to transform chemical synthesis processes across many uses.

Katharine Covert, program director for the NSF Centers for Chemical Innovation program, which supported this research, said photoredox catalysis has become indispensable for many industries.

"Photoredox catalysis has become indispensable for pharmaceutical development and other industries," said Covert. "Through the NSF Center for Sustainable Photoredox Catalysis, synthetic and computational chemists have teamed up to understand the fundamental chemical nature of how those catalysts function and, in so doing, found a new path that requires less heat and energy."

Miyake said researchers across the center are developing catalysis systems similar to the one described in this paper to support energy efficient production of ammonia for fertilizers, the breakdown of PFAS forever chemicals, and the upcycling of plastics.

"We built an all-star team of chemists to address these challenges and make a more sustainable future for this world," Miyake said. "The world has a timeclock that is expiring, and we must meet the urgent need for developing sustainable technologies before our current ways of doing things puts us to a place that we can't recover from."

CU Boulder Professor Niels Damrauer is also an author on the paper and member of the center. Other CSU authors include Amreen Bains, Brandon Portela, Alexander Green, Anna Wolff and Ludovic Patin.
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Frozen in time: Transparent worms keep genes in sync for 20 million years | ScienceDaily
Two species of worms have retained remarkably similar patterns in the way they switch their genes on and off despite having split from a common ancestor 20 million years ago, a new study finds.


						
The findings appear in the June 19 issue of the journal Science.

"It was just remarkable, with this evolutionary distance, that we should see such coherence in gene expression patterns," said Dr. Robert Waterston, professor of genome sciences at the University of Washington School of Medicine in Seattle and a co-senior author of the paper. "I was surprised how well everything lined up."

Gene expression patterns tended to remain unchanged -- or what evolutionary biologists call conserved -- when a change might affect many cell types, Waterston said.

"If the gene is broadly expressed in many cell types across the organism, it may be difficult to change expression," he said. "But if the gene expression is limited to a single cell type or a few cell types, maybe it can succeed."

When gene expression did diverge between the two worms, the changes were more likely to occur in specialized cell types. For example, expression patterns in cells involved in basic functions like muscle or gut tended to be conserved, while expression patterns in more specialized cells involved in sensing and responding to the worm's environment were more likely to diverge.

"Genes related to neuronal function, for example, seem to diverge more rapidly -- perhaps because changes were needed to adapt to new environments -- but for now, that's speculation," said Christopher R. L. Large, a postdoctoral fellow in the Department of Genetics at the Perelman School of Medicine at the University of Pennsylvania and the paper's lead author. Large earned his Ph.D. in genome sciences from the UW School of Medicine.




In the study, researchers compared gene expression patterns in two soil-dwelling roundworms, Caenorhabditis elegans and Caenorhabditis briggsae. Both species are ideal for studying development: They are small, about a millimeter long; simple, made up of about 550 cells when fully developed; and transparent. These characteristics allow scientists to observe their cells divide and develop in real time. Importantly, these worms share many of their roughly 20,000 genes with more complex organisms, including humans.

All the cells in both worms have been identified and mapped. Despite 20 million years of evolution, the two worms retain nearly identical body plans and cell types, with an almost one-to-one correspondence that makes them ideal subjects for comparison.

The goal of the study was to compare gene expression in every cell type of the two worms to determine what changes had occurred since they split from their common ancestor.

To do this, the researchers measured levels of messenger RNA in every cell at various stages of embryonic development by using a technique called single-cell RNA sequencing.

Messenger RNA, or mRNA, carries the instructions for making proteins from active genes to the cell's protein-making machinery. High levels of mRNA from a gene indicate that it is active. Low levels mean it's inactive.

With the single-cell RNA sequencing technique, the researchers tracked the changes in the individual cells during the worms' embryonic development from when the embryo was a ball of 28 mostly undifferentiated cells to when most cell types had developed into their near final form, a process that takes about 12 hours

"We've been studying the evolution of development since the 1970s," said Dr. Junhyong Kim, professor of biology and director of the Penn Genome Frontiers Institute, a co-senior author of the study. "But this is the first time that we've been able to compare development in every single cell of two different organisms."




Kim said the finding that some gene expression was conserved wasn't surprising, because of how similar the worms' bodies are. But it was surprising that when there were changes, those changes appeared to have no effect on the body plan.

The study describes where and when gene expression patterns differ between the species but doesn't yet explain why, said Dr. John Isaac Murray, associate professor of genetics at the Perelman School of Medicine and the study's third senior author.

"It's hard to say whether any of the differences we observed were due to evolutionary adaptation or simply the result of genetic drift, where changes happen randomly," he said. "But this approach will allow us to explore many unanswered questions about evolution."

This study was supported by the National Institutes of Health (HD105819, HG010478, HG007355) and the National Sciences Foundation (PRFB2305513).
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Cold sore virus hijacks human genome in 3D--and scientists found its weak spot | ScienceDaily
Viruses are entirely dependent on their hosts to reproduce. They ransack living cells for parts and energy and hijack the host's cellular machinery to make new copies of themselves. Herpes simplex virus-1 (HSV-1), it turns out, also redecorates, according to a new study in Nature Communications.


						
Researchers at the Center for Genomic Regulation (CRG) in Barcelona have discovered the cold sore virus reshapes the human genome's architecture, rearranging its shape in three-dimensional space so that HSV-1 can access host genes most useful for its ability to reproduce.

"HSV-1 is an opportunistic interior designer, reshaping the human genome with great precision and choosing which bits it comes into contact with. It's a novel mechanism of manipulation we didn't know the virus had to exploit host resources," says Dr. Esther Gonzalez Almela, first author of the study.

While other herpes viruses have been seen compacting and reshaping host chromosomes, it was unclear whether it was a side effect of the virus invading and setting up its own viral replication factories. The study is the first proof that HSV-1 reshapes the human genome deliberately and within hours of infection.

Crucially, the researchers found that blocking a single host enzyme, topoisomerase I, completely blocked HSV-1's ability to rearrange the human genome during infection, bringing the hostile takeover to a halt. The discovery represents a new potential strategy to control a virus which infects nearly four billion people worldwide.

"In cell culture, inhibiting this enzyme stopped the infection before the virus could make a single new particle," says ICREA Research Professor Pia Cosma, corresponding author of the study at the Center for Genomic Regulation (CRG) in Barcelona. "That gives us a potential new therapeutic target to stop infection."

The researchers made the findings by combining super-resolution microscopy, an imaging technique which can see structures 20 nanometers wide, around 3,500 times thinner than a strand of hair, with Hi-C, a technique that reveals which bits of DNA are touching inside the nucleus. They used both techniques to gain new mechanistic insights into how HSV-1 hijacks human cells.




They found the hostile takeover begins within the first hour, with the virus hijacking the human RNA-polymerase II enzyme to help synthesize its own proteins. Topoisomerase I, an enzyme that snips DNA to release torsional stress, and cohesin, a structural protein, followed human RNA-polymerase II into the newly forming viral replication compartments.

Three hours after infection, most polymerase and a sizeable fraction of the other two factors had abandoned human genes. The wholesale theft causes transcription to collapse across the host genome, which in turn caused chromatin, the human genome's natural state inside cells, to be crushed into a dense shell just 30% of its original volume.

This was an unexpected finding, as the structure of chromatin is thought to dictate transcription. "We always thought dense chromatin shut genes down but here we see the opposite: stop enough transcription first and the DNA compacts afterwards. The relationship between activity and structure might be a two-way street," says Dr. Alvaro Castells Garcia, co-first author of the study.

Two in every three people under age 50 live with HSV-1. Once infected, people have the virus for life, though most cases are asymptomatic or manifest as recurrent cold sores. Rarely, the virus can cause blindness or life-threatening disease in newborns and immunocompromised people.

The findings of the study can help address the public health burden of HSV-1, which is considered a global health challenge because of its prevalence and ability to cause recurrent outbreaks. Though treatments are available to manage symptoms, drug-resistant strains are on the rise, and there is no cure
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Fitness trackers are failing millions - this fix could change everything | ScienceDaily
For many, fitness trackers have become indispensable tools for monitoring how many calories they've burned in a day. But for those living with obesity, who are known to exhibit differences in walking gait, speed, energy burned and more, these devices often inaccurately measure activity -- until now.


						h
For many, fitness trackers have become indispensable tools for monitoring how many calories they've burned in a day. But for those living with obesity, who are known to exhibit differences in walking gait, speed, energy burned and more, these devices often inaccurately measure activity -- until now.

Scientists at Northwestern University have developed a new algorithm that enables smartwatches to more accurately monitor the calories burned by people with obesity during various physical activities.

The technology bridges a critical gap in fitness technology, said Nabil Alshurafa, whose Northwestern lab, HABits Lab, created and tested the open-source, dominant-wrist algorithm specifically tuned for people with obesity. It is transparent, rigorously testable and ready for other researchers to build upon. Their next step is to deploy an activity-monitoring app later this year that will be available for both iOS and Android use.

"People with obesity could gain major health insights from activity trackers, but most current devices miss the mark," said Alshurafa, associate professor of behavioral medicine at Northwestern University Feinberg School of Medicine.

Current activity-monitoring algorithms that fitness trackers use were built for people without obesity. Hip-worn trackers often misread energy burn because of gait changes and device tilt in people with higher body weight, Alshurafa said. And lastly, wrist-worn models promise better comfort, adherence and accuracy across body types, but no one has rigorously tested or calibrated them for this group, he said.

"Without a validated algorithm for wrist devices, we're still in the dark about exactly how much activity and energy people with obesity really get each day -- slowing our ability to tailor interventions and improve health outcomes," said Alshurafa, whose team tested his lab's algorithm against 11 state-of-the-art algorithms designed by researchers using research-grade devices and used wearable cameras to catch every moment when wrist sensors missed the mark on calorie burn.




The findings will be published on June 19 in Nature Scientific Reports.

The exercise class that motivated the research

Alshurafa was motivated to create the algorithm after attending an exercise class with his mother-in-law who has obesity.

"She worked harder than anyone else, yet when we glanced at the leaderboard, her numbers barely registered," Alshurafa said. "That moment hit me: fitness shouldn't feel like a trap for the people who need it most."

Algorithm rivals gold-standard methods

By using data from commercial fitness trackers, the new model rivals gold-standard methods of measuring energy burn and can estimate how much energy someone with obesity is using every minute, achieving over 95% accuracy in real-world situations. This advancement makes it easier for more people with obesity to track their daily activities and energy use, Alshurafa said.




How the study measured energy burn

In one group, 27 study participants wore a fitness tracker and metabolic cart -- a mask that measures the volume of oxygen the wearer inhales and the volume of carbon dioxide the wearer exhales to calculate their energy burn (in kilocalories/kCals) and resting metabolic rate. The study participants went through a set of physical activities to measure their energy burn during each task. The scientists then looked at the fitness tracker results to see how they compared to the metabolic cart results.

In another group, 25 study participants wore a fitness tracker and body camera while just living their lives. The body camera allowed the scientists to visually confirm when the algorithm over- or under-estimated kCals.

At times, Alshurafa said he would challenge study participants to do as many pushups as they could in five minutes.

"Many couldn't drop to the floor, but each one crushed wall-pushups, their arms shaking with effort," he said, "We celebrate 'standard' workouts as the ultimate test, but those standards leave out so many people. These experiences showed me we must rethink how gyms, trackers and exercise programs measure success -- so no one's hard work goes unseen."

The study is titled, "Developing and comparing a new BMI inclusive energy burn algorithm on wrist-worn wearables."

Other Northwestern authors include lead author Boyang Wei, and Christopher Romano and Bonnie Nolan. This work also was done in collaboration with Mahdi Pedram and Whitney A. Morelli, formerly of Northwestern.

Funding for the study was provided by the National Institute of Diabetes and Digestive and Kidney Diseases (grants K25DK113242-01A1 and R01DK129843-01), the National Science Foundation (grant 1915847), the National Institute of Biomedical Imaging and Bioengineering (grant R21EB030305-01) and the National Institutes of Health's National Center for Advancing Translational Sciences (grant UL1TR001422).
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        Hot tubs outperform saunas in boosting blood flow and immune power
        Hot tubs don't just feel great, they may actually outperform saunas when it comes to health perks. A study found that soaking in hot water raises core body temperature more than dry or infrared saunas, triggering stronger heart, blood vessel, and immune responses.

      

      
        Scientists reveal your morning coffee flips an ancient longevity switch
        Caffeine appears to do more than perk you up--it activates AMPK, a key cellular fuel sensor that helps cells cope with stress and energy shortages. This could explain why coffee is linked to better health and longer life.

      

      
        The brain's sweet spot: How criticality could unlock learning, memory--and prevent Alzheimer's
        Our brains may work best when teetering on the edge of chaos. A new theory suggests that criticality a sweet spot between order and randomness is the secret to learning, memory, and adaptability. When brains drift from this state, diseases like Alzheimer s can take hold. Detecting and restoring criticality could transform diagnosis and treatment.

      

      
        Vitamin C flips your skin's "youth genes," reversing age-related thinning
        Japanese researchers have found that vitamin C can thicken skin by switching on genes that boost skin cell growth, helping reverse age-related thinning. It works by reactivating DNA through a process that lets cells regenerate more effectively--potentially a game-changer for aging skin.

      

      
        Inside the tumor: AI cracks five hidden cell types to stop cancer's comeback
        A new AI tool, AAnet, has discovered five distinct cell types within tumors, offering a deeper look into cancer's inner diversity. This insight could transform how we treat cancer, enabling more personalized therapies that tackle every type of cell in a tumor.

      

      
        1. 7 million patients reveal stunning link between semaglutide and lower dementia risk
        A blockbuster diabetes and weight-loss drug might be doing more than controlling blood sugar--it could also be protecting the brain. Researchers at Case Western Reserve University found that people with type 2 diabetes who took semaglutide (the active ingredient in Ozempic and Wegovy) had a significantly lower risk of developing dementia. The benefit was especially strong in women and older adults.

      

      
        The pleasure prescription: Why more sex means less menopause pain
        Keeping sex on the schedule may be its own menopause medicine: among 900 women aged 40-79, those active in the last three months reported far less dryness, pain, and irritation, while orgasm and overall satisfaction stayed rock-solid despite dips in desire and lubrication. The results hint that intimacy itself can curb genitourinary syndrome of menopause, a cluster of estrogen-related symptoms that erode quality of life.

      

      
        The molecule that might save your sight--and your heart
        Washington University researchers found that raising a molecule called ApoM helps eye cells sweep away harmful cholesterol deposits linked to age-related macular degeneration, potentially preventing vision loss, and the same trick might aid failing hearts too.

      

      
        How brain cells meant to help may be making depression worse
        Major depressive disorder affects hundreds of millions worldwide, but a key to understanding its origins may lie in the brain's immune system. New findings spotlight astrocytes--previously overshadowed by microglia--as major players in neuroinflammation that drives depression. These star-shaped brain cells, once thought to only support neurons, are now shown to regulate communication between brain cells and even trigger or amplify inflammatory responses.

      

      
        Brain reboot: Gene therapy reverses Alzheimer's memory loss in mice
        UC San Diego scientists have created a gene therapy that goes beyond masking Alzheimer's symptoms--it may actually restore brain function. In mice, the treatment protected memory and altered diseased brain cells to behave more like healthy ones.

      

      
        COVID-19 protein triggers immune attacks on healthy cells -- but a common drug can stop it
        Scientists have uncovered a stealthy tactic used by the SARS-CoV-2 virus: one of its proteins can leap from infected cells to healthy ones, effectively tricking the immune system into attacking the body's own tissues.

      

      
        USC's new AI implant promises drug-free relief for chronic pain
        A groundbreaking wireless implant promises real-time, personalized pain relief using AI and ultrasound power no batteries, no wires, and no opioids. Designed by USC and UCLA engineers, it reads brain signals, adapts on the fly, and bends naturally with your spine.

      

      
        Your CT scan could reveal a hidden heart risk--and AI just learned how to find it
        What if your old chest scans--taken years ago for something unrelated--held a secret warning about your heart? A new AI tool called AI-CAC, developed by Mass General Brigham and the VA, can now comb through routine CT scans to detect hidden signs of heart disease before symptoms strike.

      

      
        Recycled plastic is a toxic cocktail: Over 80 chemicals found in a single pellet
        Recycled plastic pellets can release a hidden mix of over 80 chemicals into water, disrupting hormones and fat metabolism in zebrafish larvae. Researchers warn that unknown and toxic additives make current recycling practices dangerously unpredictable.

      

      
        From cursed tomb fungus to cancer cure: Aspergillus flavus yields potent new drug
        In a remarkable twist of science, researchers have transformed a fungus long associated with death into a potential weapon against cancer. Found in tombs like that of King Tut, Aspergillus flavus was once feared for its deadly spores. Now, scientists at Penn and several partner institutions have extracted a new class of molecules from it--called asperigimycins--that show powerful effects against leukemia cells. These compounds, part of a rare group known as fungal RiPPs, were bioengineered for pote...

      

      
        Affordances in the brain: The human superpower AI hasn't mastered
        Scientists at the University of Amsterdam discovered that our brains automatically understand how we can move through different environments--whether it's swimming in a lake or walking a path--without conscious thought. These "action possibilities," or affordances, light up specific brain regions independently of what's visually present. In contrast, AI models like ChatGPT still struggle with these intuitive judgments, missing the physical context that humans naturally grasp.

      

      
        The common blood test that predicts how fast Alzheimer's hits
        A simple blood test could reveal which early Alzheimer's patients are most at risk for rapid decline. Researchers found that people with high insulin resistance--measured by the TyG index--were four times more likely to experience faster cognitive deterioration. The study highlights a major opportunity: a common lab value already available in hospitals could help guide personalized treatment strategies. This discovery also uncovers a unique vulnerability in Alzheimer's disease to metabolic stress, ...

      

      
        Superbugs in your shrimp: Deadly colistin-resistance genes ride on imported seafood
        Colistin, a last-resort antibiotic, is losing its power due to rising resistance--and the culprits might be hiding in your seafood dinner. A University of Georgia research team discovered colistin-resistance genes in bacteria found in imported shrimp and scallops from markets in Atlanta. These genes can hop between bacteria via plasmids, potentially turning once-curable infections into deadly threats.

      

      
        HIV is surging in over-50s--But campaigns still target the young
        HIV is surging among adults over 50 in sub-Saharan Africa, yet prevention and treatment campaigns still focus mainly on the young. New research reveals older adults face comparable or higher infection rates but remain largely invisible in HIV studies, which hampers progress toward global health goals. Persistent stigma, outdated perceptions, and limited education or access in rural areas worsen the situation, especially for older women.

      

      
        Zapping aging cells: The fast, label-free test that could transform research
        Scientists in Tokyo have developed a groundbreaking, label-free method to identify aging human cells using electric fields. This new technique avoids the downsides of chemical tagging, which can distort results and slow research. By analyzing how cells move under alternating electric fields, the researchers found they could accurately detect senescent skin cells based on their electrical properties. The approach is fast, non-invasive, and could transform how we study aging and age-related disease...

      

      
        FDA under fire: Data discrepancies uncovered in AstraZeneca approval trials
        Fresh concerns have emerged about the platelet studies underpinning the FDA approval of ticagrelor, AstraZeneca's multibillion-dollar heart drug. A new BMJ investigation reveals data discrepancies, missing lab readings, and questions about the integrity of the trial process. Notably, key results reported in a major cardiology journal were inaccurately presented, and some study contributors were omitted or denied involvement. With generics on the horizon, critics say these revelations highlight po...

      

      
        Myth-busting study shows controversial seed oils reduce inflammation
        A new study is turning heads by challenging the popular belief that seed oils are harmful to health. Researchers analyzed blood markers from nearly 1,900 people and found that higher levels of linoleic acid -- an omega-6 fat commonly found in seed oils -- were linked to lower inflammation and better cardiometabolic health. The study used direct biomarkers instead of diet surveys, making its findings more robust. These results support a growing body of evidence that seed oils, far from fueling disea...

      

      
        Iron overload: The hidden culprit behind early Alzheimer's in Down syndrome
        USC researchers have uncovered a hidden driver behind the early and severe onset of Alzheimer's in people with Down syndrome: iron overload in the brain. Their study revealed that individuals with both conditions had twice the iron levels and far more oxidative damage than others. The culprit appears to be ferroptosis, an iron-triggered cell death mechanism, which is especially damaging in sensitive brain regions.

      

      
        Diabetes drug cuts migraines in half by targeting brain pressure
        A common diabetes drug may be the next big thing for migraine relief. In a clinical study, obese patients with chronic migraines who took liraglutide, a GLP-1 receptor agonist, experienced over 50% fewer headache days and significantly improved daily functioning without meaningful weight loss. Researchers believe the drug s ability to lower brain fluid pressure is the key, potentially opening a completely new way to treat migraines. The effects were fast, sustained, and came with only mild side e...

      

      
        Cold sore virus hijacks human genome in 3D--and scientists found its weak spot
        Cold sore-causing HSV-1 doesn't just hijack cells it reconfigures the entire architecture of our DNA to aid its invasion. Researchers discovered that it actively reshapes the 3D structure of the human genome within hours of infection, using host enzymes like topoisomerase I to gain access to crucial genetic machinery. Stunningly, blocking this single enzyme shuts the virus down completely.

      

      
        Fitness trackers are failing millions -- this fix could change everything
        Fitness trackers often fail people with obesity by underestimating their energy burn, leading to discouraging results and misguided health data. A scientist's frustrating experience in an exercise class with his mother-in-law where her effort wasn t reflected on the fitness leaderboard sparked a breakthrough. His team at Northwestern developed a new open-source smartwatch algorithm that accurately captures energy expenditure for individuals with obesity, rivaling gold-standard lab equipment and p...

      

      
        Self-esteem skyrockets 131% after weight-loss surgery, study reveals
        Self-esteem scores jumped a remarkable 131% within just one year of bariatric surgery, according to a large study presented at ASMBS 2025. Tracking nearly 5,800 patients, researchers found a direct link between weight loss and rising confidence, with the greatest psychological boosts seen in those who lost the most weight. Despite differences in gender, race, or procedure type, patients across the board reported profound improvements in self-worth. The findings shine a spotlight on how addressing...

      

      
        Scientists warn of bat virus just one mutation from infecting humans
        Viruses closely related to the deadly MERS coronavirus are lurking in bats and one group, known as HKU5, may be just one mutation away from making the jump to humans. A new study reveals how these viruses bind to cell receptors and even shows signs of adapting to human-compatible versions of those receptors.
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Hot tubs outperform saunas in boosting blood flow and immune power | ScienceDaily
Hot tubs and saunas can both soothe aching muscles and provide welcome warmth, but hot tubs might offer greater health benefits.


						
That's the takeaway from a new study done by researchers in the Bowerman Sports Science Center at the University of Oregon, which compared the physiological effects of soaking in a hot tub to sitting in a traditional dry heat sauna or a more modern far-infrared sauna.

By raising core body temperatures, soaking in hot water can help lower blood pressure, stimulate the immune system and, over time, improve the body's response to heat stress. Moreover, those effects can last beyond the minutes spent directly in heat treatment.

"We compared the most commonly utilized modalities of passive heating as they're used in everyday life and studied in scientific research," said study lead author Jessica Atencio, a doctoral student in the lab of Christopher Minson. "No studies have compared the acute responses between the three."

The results were published in June in the American Journal of Physiology.

Under the guidance of Minson, the Kenneth M. and Kenda H. Singer Endowed Professor of Human Physiology and director of the Bowerman Center, researchers monitored body temperature, blood pressure, heart rate, cardiac output (the amount of blood the heart pumps per minute) and immune cell populations and blood biomarkers of inflammation. Data were collected before, during and after subjects soaked in a hot tub and sat in traditional dry heat and far-infrared saunas.

The study looked at 10 men and 10 women who exercised regularly and ranged in age from 20 to 28 years old. The goal was to isolate the physiological responses to each heating method in a young, healthy population.




"We saw that hot water immersion was the most impactful in increasing core body temperature, which is the main stimulus for these subsequent responses," Atencio said. "Increasing body temperature causes an increase in blood flow, and just the force of blood moving across your vessels is beneficial for your vascular health."

While the research team took blood samples from subjects after each kind of heat therapy, only hot-water immersion produced an inflammatory response as measured by the levels of inflammatory cytokines, a kind of immune signaling molecule, and immune cell populations.

Atencio and her team were not surprised by those results.

"Hot water immersion gives you the most robust changes in core temperature because you can't effectively dissipate heat as you can if you have contact with the air and you're sweating to cool the body," she said. "When you're submerged in water, the sweat mechanisms aren't efficient."

Minson has studied heat therapies for more than two decades. He has focused on how heat interacts with factors such as age, exercise and illness in men and women.

"There's no doubt in my mind that if people are willing to do some heat therapy, it's going to align with improved health, as long as it's done in moderation," Minson said. "If you repeat these stresses over time, our lab and many others have shown that they are consistent with improved health."

Regular exercise can provide benefits similar to and even better in some respects than those from heat therapy, he added, but individuals who are unable or unwilling to exercise may find that heat therapy provides an attractive option.




"It can be a very peaceful, sometimes religious, sometimes cultural and sometimes social experience," Minson said. "And I think those aspects contribute to the health benefits and are critically important."

"We want people to be smart and safe about it," he added. "We need to make sure that they are cleared by their physicians or others for heat therapy or for exercise, whether it's mild to moderate walking or jogging or strength training. Then they'll be fine to do heat therapy."

As a runner herself, Atencio knows people who like to combine heat therapy with exercise.

"We always say that exercise is the primary nonpharmacological treatment that people should be doing to promote health, but some people can't or just won't exercise," she said. "Heat therapy is good supplementation."
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Scientists reveal your morning coffee flips an ancient longevity switch | ScienceDaily
A new study from the Cellular Ageing and Senescence laboratory at Queen Mary University of London's Cenfre for Molecular Cell Biology, reveals how caffeine -- the world's most popular neuroactive compound -- might do more than just wake you up. The study in the journal Microbial Cell shows how caffeine could play a role in slowing down the ageing process at a cellular level.


						
Caffeine has long been linked to potential health benefits, including reduced risk of age-related diseases. But how it works inside our cells, and what exactly are its connections with nutrient and stress responsive gene and protein networks has remained a mystery -- until now.

In new research published by scientists studying fission yeast -- a single-celled organism surprisingly similar to human cells -- researchers found that caffeine affects ageing by tapping into an ancient cellular energy system.

A few years ago, the same research team found that caffeine helps cells live longer by acting on a growth regulator called TOR (Target of Rapamycin). TOR is a biological switch that tells cells when to grow, based on how much food and energy is available. This switch has been controlling energy and stress responses in living things for over 500 million years.

But in their latest study, the scientists made a surprising discovery: caffeine doesn't act on this growth switch directly. Instead, it works by activating another important system called AMPK, a cellular fuel gauge that is evolutionarily conserved in yeast and humans.

"When your cells are low on energy, AMPK kicks in to help them cope," explains Dr Charalampos (Babis) Rallis, Reader in Genetics, Genomics and Fundamental Cell Biology at Queen Mary University of London, the study's senior author. "And our results show that caffeine helps flip that switch."

Interestingly, AMPK is also the target of metformin, a common diabetes drug that's being studied for its potential to extend human lifespan together with rapamycin.

Using their yeast model, the researchers showed that caffeine's effect on AMPK influences how cells grow, repair their DNA, and respond to stress -- all of which are tied to ageing and disease.

"These findings help explain why caffeine might be beneficial for health and longevity," said Dr John-Patrick Alao the postdoctoral research scientist leading this study. "And they open up exciting possibilities for future research into how we might trigger these effects more directly -- with diet, lifestyle, or new medicines."

So, the next time you reach for your coffee, you might be doing more than just boosting your focus -- you could also be giving your cells a helping hand.
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The brain's sweet spot: How criticality could unlock learning, memory-and prevent Alzheimer's | ScienceDaily
In a new paper with implications for preventing Alzheimer's disease and other neurological disorders, Keith Hengen, an associate professor of biology in Arts & Sciences at Washington University in St. Louis, suggests a new comprehensive approach to understanding how the brain works and the rules it must follow to reach optimal performance.


						
"There's a common perception that the human brain is the most complicated thing in the universe," Hengen said. "The brain is immensely powerful, but that power may arise from a relatively simple set of mathematical principles."

Hengen starts with the premise that almost everything our brains do is learned or powerfully shaped by experience. In other words, we aren't born with hard-wired circuits preprogrammed to help us read, drive cars or do anything else that we do every day. A healthy brain must be ready to learn anything and everything.

But how is a collection of neurons capable of learning? Hengen suggests that brains become learning machines only when they reach a special state called "criticality." A concept borrowed from physics, criticality describes a complex system that is at the tipping point between order and chaos. At this razor's edge, brains are primed to gain new information, Hengen said. "Brains need to reach criticality to think, remember and learn."

Hengen proposed criticality as a unifying theory of brain function and disease in the prestigious journal Neuron. Woodrow Shew, a physicist at the University of Arkansas, is the co-author.

A biologist and a physicist may seem like an odd pairing, but the new unifying theory blends both realms of science. Physicists often describe criticality using the classic example of a sand pile: As sand is added, the pile will grow steeper and steeper until it eventually avalanches. Right before that final grain triggered a moment of chaos, the pile was at a critical angle, one step away from instability.

Shew explained that physicists first developed a deep understanding of criticality as a way to describe magnets and other materials. Around the turn of the 21st century, these ideas were expanded to explain a broader range of complex systems, including avalanches, earthquakes and, ultimately, living systems and the brain.




A defining aspect of critical systems is that they look the same at any scale: A sand pile on the brink of an avalanche has the same slope whether the pile is tiny or mountainous. In the brain, criticality is constant whether it's measured in a handful of neurons or an entire region. Likewise, brain patterns that unfold in time are startlingly similar when considered in milliseconds or hours. "This matches our intuitive understanding of how brains work," Hengen said. "Our internal experiences span milliseconds to months. They don't have a scale."

Hengen and Shew suggest that criticality isn't just a theoretical concept; it's a state that can be precisely measured and calculated through fMRI brain imaging technology. "Criticality is the optimal computational state of the brain," Hengen said. "We've developed a mathematical way to measure how close the brain is to criticality, which should help us nail down the fundamental questions about how a human brain works."

A new understanding of disease 

The criticality framework offers a new perspective for understanding neurological disease. Rather than focusing on specific damaged brain regions or accumulated proteins, Hengen argues that diseases such as Alzheimer's destroy something more basic: the brain's ability to maintain criticality.

"Alzheimer's and other neurodegenerative diseases don't just damage neurons, they break the brain's general ability to compute by slowly dissolving criticality," Hengen explained. "As a brain moves further and further from criticality, it loses the ability to adapt and process information effectively."

This framework explains a puzzling feature of brain diseases: Patients often appear completely normal until they've lost many neurons. "The brain has remarkable compensatory abilities that can mask functional problems even as criticality begins to erode," Hengen said. "Traditional assessments miss the early stages because they focus on established endpoints that the brain tries to maintain through workarounds."

As criticality gradually deteriorates, the brain works harder to achieve the same cognitive outcomes, Hengen said. "It's like an engine that still runs but requires more fuel and generates more heat. By the time we notice memory problems or other symptoms, criticality has likely been compromised for years."




Hengen's collaboration with David M. Holtzman, MD, the Barbara Burton and Reuben M. Morriss III Distinguished Professor at WashU Medicine, has revealed that tau protein buildup in Alzheimer's directly disrupts criticality, providing a clear link between the disease's molecular hallmarks and cognitive collapse.

This connection between criticality and Alzheimer's opens exciting diagnostic possibilities. In theory, a simple fMRI could help detect breakdowns in criticality years before symptoms appear. "In combination with cutting-edge blood tests, we could identify people at risk and intervene before irreversible damage occurs," Hengen said.

In another collaboration, Hengen has teamed up with Deanna Barch, the Gregory B. Couch Professor of Psychiatry at WashU Medicine and a professor of psychological and brain sciences in Arts & Sciences, for an observational study to see how criticality at birth determines cognitive development and abilities in childhood. "From the beginning, some kids are closer to criticality than others, which, based on our theory, suggests they are going to be better learners," Hengen said. "Many outside factors can affect their success in school, but criticality can explain an impressive amount of the variability between children."

The sleep-mind connection 

In early 2024, Hengen and co-author Ralf Wessel, a professor of physics in Arts & Sciences at WashU, used the concept of criticality to revisit an age-old question: Why do we need sleep? By tracking brain activity over multiple weeks, they found that sleep restores a state of criticality. "Being awake and active moves us away from criticality, and sleep is like a reset button," Hengen explained.

That insight could help researchers unlock the power of sleep as a therapy for Alzheimer's and other neurological diseases that push the brain away from its optimal state. Previous studies by Holtzman and others have found that people who don't get the sleep they need -- perhaps due to shift work or chronic insomnia -- are at a much higher risk for Alzheimer's as they age. And there's already some evidence that sleep interventions can help slow the progression of Alzheimer's symptoms.

Hengen believes that targeted, intensive sleep-based therapy could help restore criticality and improve learning and memory in people with brain disease. Studies of mice conducted by Holtzman and James McGregor, a postdoctoral researcher in Hengen's lab, offer a glimpse of the possibilities: Mice specifically bred to have symptoms of Alzheimer's become faster learners after a targeted sleep intervention reinforces criticality.

Critical future 

There is much work to be done, but Hengen would eventually like to understand how criticality helps explain complex features of human neurobiology. "We may find that someone who is an amazing artist, for example, might be extremely close to criticality in parts of the brain involved in creative ideation," he said. It's also possible that a close look at criticality could point to undiscovered tendencies or talents that just need an outlet. "Maybe they never tried art, but we can see that the potential is there."

In the meantime, Hengen, Shew, and others are spreading the word about the importance of criticality. Hengen presented a TEDx talk on the subject in 2024 and shared his work at Arts & Sciences' inaugural research pitch competition, where he took second place. He hopes the new Neuron paper will inspire conversations among neurologists, doctors, reporters and the general public.

A unified theory of the mind could change the world, but first, it must unify the experts. "Woody (Shew) and I really think we're on to something here," Hengen said. "And, perhaps slowly, others are starting to agree."

WashU was the ideal place for a new concept of the brain to emerge, Hengen said. "We're surrounded by brilliant people in diverse fields, including physics, biology, psychology, mathematics and neuroscience, and the community here is remarkably supportive," he said. "Everyone is ready to help."
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Vitamin C flips your skin's "youth genes," reversing age-related thinning | ScienceDaily
The skin acts as the body's first line of defense against external threats. However, as we age, the epidermis -- the outermost layer of skin -- gradually becomes thinner and loses its protective strength. About 90% of the cells in this layer are keratinocytes, which originate from deeper layers of the epidermis and migrate upward, ultimately forming the skin's protective barrier. To combat aging's impact on skin, numerous studies have emphasized the benefits of vitamin C (VC), a vitamin well known for its role in skin health and antioxidant properties.


						
Now, researchers in Japan have discovered that VC helps thicken the skin by directly activating genes that control skin cell growth and development. Their findings, published online in the Journal of Investigative Dermatology on April 20, 2025, suggest that VC may restore skin function by reactivating genes essential for epidermal renewal.

This study was led by Dr. Akihito Ishigami, Vice President of the Division of Biology and Medical Sciences at Tokyo Metropolitan Institute for Geriatrics and Gerontology (TMIG), Japan, in collaboration with Hokuriku University, and ROHTO Pharmaceutical Co., Ltd. Associate Professor Ayami Sato from TMIG (currently at the Toyo University); Associate Professor Yasunori Sato, Professor Toshiyuki Kimura, and Mr. Hideki Tanaka (currently at the University of Fukui Hospital) from Hokuriku University; and Ms. Florence, Ms. Akari Kuwano, Mr. Yasunari Sato, and Mr. Tsuyoshi Ishii from ROHTO Pharmaceutical Co., Ltd also co-authored the study.

"VC seems to influence the structure and function of epidermis, especially by controlling the growth of epidermal cells. In this study, we investigated whether it promotes cell proliferation and differentiation via epigenetic changes," explains Dr. Ishigami, while talking about this study.

To investigate how VC affects skin regeneration, the team used human epidermal equivalents, which are laboratory-grown models that closely mimic real human skin. In this model, skin cells are exposed to air on the surface while being nourished from underneath by a liquid nutrient medium, replicating the way human skin receives nutrients from underlying blood vessels while remaining exposed to the external environment.

The researchers used this model and applied VC at 1.0 and 0.1 mM -- concentrations comparable to those typically transported from the bloodstream into the epidermis. On assessing its effect, they found that VC-treated skin showed a thicker epidermal cell layer without significantly affecting the stratum corneum (the outer layer composed of dead cells) on day seven. By day 14, the inner layer was even thicker, and the outer layer was found to be thinner, suggesting that VC promotes the formation and division of keratinocytes. Samples treated with VC showed increased cell proliferation, demonstrated by a higher number of Ki-67-positive cells -- a protein marker present in the nucleus of actively dividing cells.

Importantly, the study revealed that VC helps skin cells grow by reactivating genes associated with cell proliferation. It does so by promoting the removal of methyl groups from DNA, in a process known as DNA demethylation. When DNA is methylated, methyl groups attach to cytosine bases, which can prevent the DNA from being transcribed or read, thereby suppressing gene activity. Conversely, by promoting DNA demethylation, VC promotes gene expression and helps cells to grow, multiply, and differentiate.




The study suggests that VC supports active DNA demethylation by sustaining the function of TET enzymes (ten-eleven translocation enzymes), which regulate gene activity. These enzymes convert 5-methylcytosine (5-mC) into 5-hydroxymethylcytosine (5-hmC), a process in which Fe2+ is oxidized to Fe3+. VC helps maintain TET enzyme activity by donating electrons to regenerate Fe2+ from Fe3+, enabling continued DNA demethylation.

The researchers further identified over 10,138 hypomethylated differentially methylated regions in VC-treated skin and observed a 1.6- to 75.2-fold increase in the expression of 12 key proliferation-related genes. When a TET enzyme inhibitor was applied, these effects were reversed, confirming that VC functions through TET-mediated DNA demethylation.

These findings reveal how VC promotes skin renewal by triggering genetic pathways involved in growth and repair. This suggests that VC may be particularly helpful for older adults or those with damaged or thinning skin, boosting the skin's natural capacity to regenerate and strengthen itself.

"We found that VC helps thicken the skin by encouraging keratinocyte proliferation through DNA demethylation, making it a promising treatment for thinning skin, especially in older adults," concludes Dr. Ishigami.

This study was supported by grants from the Japan Society for the Promotion of Science (JSPS) KAKENHI: grant number 19K05902.
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Inside the tumor: AI cracks five hidden cell types to stop cancer's comeback | ScienceDaily
A multinational team of researchers, co-led by the Garvan Institute of Medical Research, has developed and tested a new AI tool to better characterize the diversity of individual cells within tumors, opening doors for more targeted therapies for patients.


						
Findings on the development and use of the AI tool, called AAnet, have today been published in Cancer Discovery, a journal of the American Association for Cancer Research.

Not all tumor cells the same

Tumors aren't made up of just one cell type - they're a mix of different cells that grow and respond to treatment in different ways. This diversity, or heterogeneity, makes cancer harder to treat and can in turn lead to worse outcomes, especially in triple-negative breast cancer.

"Heterogeneity is a problem because currently we treat tumors as if they are made up of the same cell. This means we give one therapy that kills most cells in the tumor by targeting a particular mechanism. But not all cancer cells may share that mechanism. As a result, while the patient may have an initial response, the remaining cells can grow and the cancer may come back," says Associate Professor Christine Chaffer, co-senior author of the study and Co-Director of the Cancer Plasticity and Dormancy Program at Garvan.

But while heterogeneity is a problem, researchers don't know enough to characterize it: "So far researchers haven't been able to clearly explain how adjacent cells in a tumor differ from each other, and how to classify those differences into meaningful ways to better treat tumors. But this is exactly what we need to know so we can kill all cells within that tumor with the right therapies," Associate Professor Chaffer adds.

A new tool characterizes five new cancer cell groups

To solve this problem, the team developed and trained a powerful new AI tool called AAnet that can detect biological patterns in cells within tumors.




They then used the AI tool to uncover patterns in the level of gene expression of individual cells within tumors, focusing on preclinical models of triple-negative breast cancer and human samples of ER positive, HER2 positive and triple-negative breast cancer. Through this, they identified five different cancer cell groups within a tumor, with distinct gene expression profiles that indicated vast differences in cell behaviour.

"By using our AI tool, we were consistently able to discover five new groups of cell types within single tumors called 'archetypes'. Each group exhibited different biological pathways and propensities for growth, metastasis and markers of poor prognosis. Our next steps are to see how these groups may change over time, for example before and after chemotherapy," says Associate Professor Chaffer.

This is a first for cancer research. Co-lead, Associate Professor Smita Krishnaswamy from Yale University who led the development of the AI tool states: "Thanks to technology advances, the last 20 years have seen an explosion of data at the single-cell level. With this data we have been finding out that not only is each patient's cancer different, but each cancer cell behaves differently from another. Our study is the first time that single-cell data have been able to simplify this continuum of cell states into a handful of meaningful archetypes through which diversity can be analyzed to find meaningful associations with spatial tumor growth and metabolomic signatures. This could be a game changer."

New classification to drive better, targeted treatments

The researchers say the use of AAnet to characterize the different groups of cells in a tumor according to their biology opens doors for a paradigm shift in how we treat cancer.

"Currently the choice of cancer treatment for a patient is largely based on the organ that the cancer came from such as breast, lung or prostate and any molecular markers it may exhibit. But this assumes that all cells in that cancer are the same. Instead, now we have a tool to characterize the heterogeneity of a patient's tumor and really understand what each group of cells is doing at a biological level. With AAnet, we now hope to improve the rational design of combination therapies that we know will target each of those different groups through their biological pathways. This has the potential to vastly improve outcomes for that patient," says Associate Professor Chaffer.




On the application of AAnet, co-senior author of the study and Chief Scientific Officer of Garvan Professor Sarah Kummerfeld states: "We envision a future where doctors combine this AI analysis with traditional cancer diagnoses to develop more personalized treatments that target all cell types within a person's unique tumor. These results represent a true melding of cutting-edge technology and biology that can improve patient care. Our study focused on breast cancer, but it could be applied to other cancers and illnesses such as autoimmune disorders. The technology is already there."

This research was supported through the following sources. 

In Australia: The NELUNE Foundation, Tour de Cure, Estee Lauder, The Kinghorn Foundation, The Paramor Family Foundation, University of New South Wales Scientia Research Fellowship, Ramaciotti Biomedical Research Award, ARC Development Project grant and NHMRC Ideas Grants and Investigator Grant. 

In the US: Gruber Foundation Science Fellowship and the Eric and Wendy Schmidt Center at the Broad Institute of MIT and Harvard, National Science Foundation, Yale Cancer Center Pilot grant and Sloan Fellowship.

Christine Chaffer is a Conjoint Associate Professor at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney, Director of the Cancer Plasticity and Dormancy Program, and Lab Head at the Garvan Institute of Medical Research.

Smita Krishnaswamy is Associate Professor in Genetics and Computer Science, Yale School of Medicine.

Sarah Kummerfeld is a Conjoint Professor at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney and Chief Scientific Officer Garvan Institute of Medical Research.
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1. 7 million patients reveal stunning link between semaglutide and lower dementia risk | ScienceDaily
Researchers at the Case Western Reserve School of Medicine have found that semaglutide, a popular diabetes and weight-loss drug, may lower the risk of dementia in people with type 2 diabetes (T2D).


						
Dementia, a condition that slowly makes it harder for people to remember things and think clearly, occurs when brain cells are damaged and their connections stop working properly. This damage, which worsens over time, can be caused by various modifiable factors, including obesity, T2D, cardiovascular diseases, traumatic brain injury and stroke.

According to the National Institutes of Health, more than 6 million people in the United States are diagnosed with dementia, and it causes more than 100,000 deaths each year. Encouragingly, research indicates that 45% of dementia cases could be prevented by addressing modifiable risk factors.

The study, published on June 24 in the Journal of Alzheimer's Disease, suggests T2D patients taking semaglutide had a significantly lower risk of developing dementia compared to other antidiabetic medications. These results were more profound in women and older adults.

Semaglutide, a glucagon-like peptide receptor (GLP-1R) molecule that decreases hunger and helps regulate blood sugar in T2D, is also the active component in the diabetes and weight-loss drugs Wegovy and Ozempic. Semaglutide has shown a broad range of benefits, including reductions in cardiovascular diseases.

The research team -- led by biomedical informatics professor Rong Xu -- analyzed three years of electronic records of nearly 1.7 million T2D patients nationally. The researchers used a statistical approach that mimics a randomized clinical trial.

They found patients prescribed semaglutide had a significantly lower risk for Alzheimer's disease-related dementia, compared to those who had taken any of seven other anti-diabetic medications, including other types of GLP-1R-targeting medications.

"There is no cure or effective treatment for dementia, so this new study provides real-world evidence for its potential impact on preventing or slowing dementia development among at-high risk population," said Xu, who also directs the School of Medicine's Center for AI in Drug Discovery and is a member of the Cancer Genomics Epigenomics Program at the Case Comprehensive Cancer Center.

Although their findings potentially support the idea that semaglutide could prevent dementia, the study's limitations restrict the researchers from making firm causal conclusions, she said.

"Our results indicate that research into semaglutide's use for dementia prevention will need to be further investigated through randomized clinical trials" Xu said.
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The pleasure prescription: Why more sex means less menopause pain | ScienceDaily
It's no secret that women often become less interested in sex with age. However, orgasm and satisfaction have been shown to not decline significantly with age. A new study suggests regular sexual activity may limit vulvar pain, irritation, and dryness, which are all common reasons women have less sex as they get older. Results of the study are published online today in Menopause, the journal of The Menopause Society.


						
Estrogen deficiency during and after menopause may reduce the life expectancy of women and impair their quality of life through a condition called genitourinary syndrome of menopause (GSM). In 2014, GSM was defined as a collection of symptoms and signs associated with decreased estrogen and sex steroid levels. GSM includes genital, sexual and urinary symptoms -- all of which can affect the frequency of sexual activity for women aged in their 40s to 70s.

In this new study involving more than 900 women aged 40 to 79 years, researchers sought to examine the association between sexual regularity and vulvovaginal-related problematic menopause symptoms. The vulva refers to the external female genitalia, and the vagina to the internal anatomy. Common problems experienced with menopause include itching, burning, pain, decreased lubrication, and changes in skin appearance.

Engaging in sexual activity in the past 3 months was defined as regular sexual activity, whereas engaging in sexual activity in the past year (but not in the past 3 months) was considered lower sexual activity. Not surprisingly, the researchers confirmed that the proportion of women having regular sexual activity decreased significantly with age, which aligns with the fact that Female Sexual Function Index scores for sexual desire, arousal, and lubrication also significantly decreased with age. The Female Sexual Function Index consists of 19 questions on female sexual function under six domains. Noteworthy, however, was that the scores for orgasm and satisfaction did not change with age.

Based on the results of the study, the researchers determined that some sexual functions and symptoms change with age but may be maintained in women who engage in more regular sexual activity. This study also revealed that women with regular sexual activity showed a low prevalence of GSM-related symptoms.

Study results are published in the article "Cross-sectional study of the association between regular sexual activity and sexual function and genitourinary syndrome of menopause-related symptoms."

"The findings highlight the importance of diagnosing and treating GSM. Only 2.9% of the participants reported using hormone therapy. Local low-dose vaginal estrogen therapy is safe and highly effective at alleviating bothersome vulvovaginal symptoms contributing to pain and avoidance of intercourse. And although optimal sexual health is integral to overall well-being, it is also imperative to recognize the effect these symptoms can have on women who aren't sexually active. Treatment should be offered to anyone with symptoms, whether engaging in sexual activity or not. Normalizing use of local low-dose estrogen therapy should be a thing," says Dr. Monica Christmas, associate medical director for The Menopause Society.
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The molecule that might save your sight-and your heart | ScienceDaily
A new study from Washington University School of Medicine in St. Louis identifies a possible way to slow or block progression of age-related macular degeneration, a leading cause of blindness in people over age 50. The WashU Medicine researchers and their international collaborators implicated problems with cholesterol metabolism in this type of vision loss, perhaps helping to explain the links between macular degeneration and cardiovascular disease, which both worsen with age.


						
The new findings -- identified using human plasma samples and mouse models of macular degeneration -- suggest that increasing the amount of a molecule called apolipoprotein M (ApoM) in the blood fixes problems in cholesterol processing that lead to cellular damage in the eyes and other organs. Various methods of dialing up ApoM could serve as new treatment strategies for age-related macular degeneration and perhaps some forms of heart failure triggered by similar dysfunctional cholesterol processing.

The study appears June 24 in the journal Nature Communications.

"Our study points to a possible way to address a major unmet clinical need," said senior author Rajendra S. Apte, MD, PhD, the Paul A. Cibis Distinguished Professor of Ophthalmology and Visual Sciences at WashU Medicine. "Current therapies that reduce the chance of further vision loss are limited to only the most advanced stages of macular degeneration and do not reverse the disease. Our findings suggest that developing treatments that increase ApoM levels could treat or even prevent the disease and therefore preserve people's vision as they age."

In macular degeneration, doctors can see cholesterol-rich deposits under the retina during an eye exam, according to Apte. In early stages, vision might still be normal, but the deposits increase inflammation and other damaging processes the lead to the gradual loss of central vision. In the most common type, "dry" macular degeneration, the cells in the central part of the retina can be damaged, causing a type of neurodegeneration called geographic atrophy, which is similar to what happens in the brain in conditions such as Alzheimer's disease. Dry macular degeneration can turn into "wet" macular degeneration, in which abnormal blood vessel growth damages vision.

Geographic atrophy and wet macular degeneration are advanced forms of the disease that are accompanied by vision loss. Although some approved therapies for advanced disease are available, the disease process itself is not reversible at that stage.

 A common culprit in eye disease and heart failure 

In recent years, evidence has emerged that ApoM can serve as a protective molecule with known anti-inflammatory effects and roles in maintaining healthy cholesterol metabolism. With that in mind, Apte and co-senior author Ali Javaheri, MD, PhD, an assistant professor of medicine, were interested assessing whether reduced ApoM levels, which fall with age, could be involved in the dysfunctional cholesterol metabolism that is at the root of multiple diseases of aging, including macular degeneration and heart disease. They showed that patients with macular degeneration have reduced levels of ApoM circulating in the blood compared with healthy controls. And past work by Javaheri, a WashU Medicine cardiologist, showed that patients with various forms of heart failure also had reduced levels of ApoM in the blood.




This study revealed that ApoM is a key component in the "good cholesterol" pathways that mop up excess cholesterol -- the bad kind that tends to drive inflammation -- and clear it from the body through the liver.

Apte and Javaheri's research suggests that when ApoM is low, cells in the retina and heart muscle can't correctly metabolize cholesterol deposits and have a hard time getting rid of these accumulating lipids. When these lipids build up, it leads to inflammation and cellular damage.

To see if they could reverse the harmful effects of low ApoM, the researchers increased ApoM levels in mouse models of macular degeneration, using genetic modification or plasma transfer from other mice. The mice showed evidence of improved retinal health, improved function of light-sensing cells in the retina and reduced accumulation of cholesterol deposits. The researchers further found evidence that ApoM triggers a signaling pathway that breaks down the cholesterol in cellular compartments called lysosomes, which are known for playing important roles in disposing of cellular waste.

The researchers also found that ApoM must be bound to a molecule called sphingosine-1-phosphate (S1P) to get the beneficial effects of ApoM treatment in the mice.

Apte and Javaheri are working with Mobius Scientific, a WashU startup company that is working to harness this knowledge of the role of ApoM in macular degeneration to develop new approaches to treating or preventing the disease. Apte and Javaheri worked with WashU's Office of Technology Management (OTM) to launch Mobius Scientific in 2022.

The findings also could have implications for future interventions that raise ApoM in patients with heart failure.




"One of the exciting things about this collaboration is realizing the links between retinal pigment epithelial cells and heart muscle cell, which are both vulnerable to low ApoM," Javeheri said. "It is possible that the interaction between ApoM and S1P is regulating cholesterol metabolism in both cell types. We look forward to exploring strategies to increase ApoM in ways that could help the eye and the heart maintain healthy cholesterol metabolism over time and stave off two major diseases of aging."

This work was supported by National Institutes of Health (NIH), grant numbers R01 EY019287, P30 EY02687, 1T32GM1397740-1, K08HL138262, 1R01HL155344, P30DK020579 and P30DK056341; the Jeffrey T. Fort Innovation Fund; the Starr Foundation AMD Research Fund; the Siteman Retina Research Fund; a Research to Prevent Blindness/American Macular Degeneration Foundation Catalyst Award for Innovative Research Approaches for Age-Related Macular Degeneration; the Carl Marshall and Mildred Almen Reeves Foundation; the Retina Associates of St. Louis Research Fund; a pilot project grant from the Washington University Genome Technology Access Center; an unrestricted grant from Research to Prevent Blindness to the John F. Hardesty, MD Department of Ophthalmology and Visual Sciences at Washington University School of Medicine in St. Louis; a Vitreoretinal Surgery Foundation Fellowship, number VGR0023118; the Children's Discovery Institute of Washington University and St. Louis Children's Hospital, grant number MC-FR-2020- 919; the Longer Life Foundation; and by the Austrian Science Fund, grant number SFB 10.55776/F73.

Apte and Javaheri have intellectual property applications licensed by Washington University to Mobius Scientific. Apte is currently the chief scientific officer at Mobius Scientific and both serve on the company's advisory board.
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How brain cells meant to help may be making depression worse | ScienceDaily
Major depressive disorder (MDD) is a mental health condition that negatively affects the mood of a person and causes a loss of interest in activities that were previously associated with happiness. In addition to cognitive impairments and forgetfulness, MDD can significantly affect social and occupational areas of functioning. Studies investigating the pathophysiology of MDD indicate that several immune factors and cells -- such as brain glial cells -- play a key role in driving neuroinflammation, ultimately contributing to the development of MDD.


						
Microglial cells, the resident immune cells of the central nervous system (CNS), regulate inflammatory responses by releasing pro-inflammatory cytokines -- chemical signaling molecules. While the neuroinflammatory functions of microglial cells are well-documented, the exact role of astrocytes (a specialized type of glial cell) in neural growth and development has remained unclear until recently. To shine light on the role of astrocytes in neuroinflammation and in the pathophysiology of MDD, a team of researchers, led by Dr. Gaurav Singhal from the Department of Surgery, University of Wisconsin, USA, conducted an in-depth review of literature. Their findings will be published in Neuroprotection.

Explaining the motivation behind the present study, Dr. Singhal says, "MDD is one of the leading causes of disability worldwide and affects more than 280 million people across all age groups and regions. Moreover, the economic burden of MDD is substantial, with annual costs in the United States alone exceeding $326 billion. Gaining insights into the role of astrocytes in neuroinflammation can aid the development of therapeutic approaches to treat depression and other psychiatric disorders."

The research team began by conducting a comprehensive literature search using widely used online repositories such as PubMed and Google Scholar. They evaluated 226 research papers relevant to astrocytes, neuroinflammation, and depression. To ensure the high quality of their study, they followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

In their analysis, the researchers found that astrocytes were key to maintaining the structural integrity of synaptic junctions between neurons. The release of neurotrophic factors such as brain-derived neurotrophic factor and fibroblast growth factor-2 by astrocytes were critical for the promotion of neurite growth and synapse formation. Besides stabilizing the tripartite synapse comprising of neuron-astrocyte-neuron, astrocytes further facilitated the effective communication between neurons via regulation of the ionic environment. Notably, changes in astrocyte morphology and function were associated with poor synaptic connectivity, contributing to the development of depressive symptoms.

Furthermore, they discovered a critical mechanism involving activated microglia and astrocytes that resulted in sustained neuroinflammation in MDD. The first step of the mechanism was the release of pro-inflammatory cytokines like tumor necrosis factor-a and interleukin-1 from activated microglia cells. These signals subsequently induced the secretion of additional inflammatory chemicals from astrocytes, thereby amplifying neuroinflammation.

Elaborating on the molecular crosstalk between microglia and astrocytes during MDD, Dr. Singhal explains, "Increased intracellular calcium levels within astrocytes can induce the release of adenosine triphosphate (ATP), which, in turn, triggers a delayed calcium response in microglial cells. Following multiple cycles of astrocyte-released ATP-based activation,  microglial cells eventually undergo apoptosis or programed cell death."

Additionally, preclinical studies involving murine models showed that astrocytic lactate dehydrogenase A enzyme, responsible for lactate production, is important for maintaining neuronal excitability. A process known as histone lactylation -- where lactate molecules are added to histone proteins in DNA -- was found to alter gene expression, thereby contributing to astrocyte-driven neuroinflammation.

Taken together, this study highlights the molecular mechanisms underlying astrocytic dysfunction, wherein astrocytes switch from a neuroprotective role to one that promotes neuroinflammation by increasing the expression and secretion of inflammatory cytokines.
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Brain reboot: Gene therapy reverses Alzheimer's memory loss in mice | ScienceDaily
Researchers at University of California San Diego School of Medicine have developed a gene therapy for Alzheimer's disease that could help protect the brain from damage and preserve cognitive function. Unlike existing treatments for Alzheimer's that target unhealthy protein deposits in the brain, the new approach could help address the root cause of Alzheimer's disease by influencing the behavior of brain cells themselves.


						
Alzheimer's disease affects millions of people around the world and occurs when abnormal proteins build up in the brain, leading to the death of brain cells and declines in cognitive function and memory. While current treatments can manage symptoms of Alzheimer's, the new gene therapy aims to halt or even reverse disease progression.

Studying mice, the researchers found that delivering the treatment at the symptomatic stage of the disease preserved hippocampal-dependent memory, a critical aspect of cognitive function that is often impaired in Alzheimer's patients. Compared to healthy mice of the same age, the treated mice also had a similar pattern of gene expression, suggesting that the treatment has the potential to alter the behavior of diseased cells to restore them to a healthier state.

While further studies will be required to translate these findings into human clinical trials, the gene therapy offers a unique and promising approach to mitigating cognitive decline and promoting brain health.

The study, published in Signal Transduction and Targeted Therapy, was led by senior author Brian Head, Ph.D., professor of anesthesiology at UC San Diego School of Medicine and Veterans Affairs research career scientist, and co-senior author Shanshan Wang, M.D. Ph.D., an assistant professor of anesthesiology at UC San Diego School of Medicine. The gene therapy technology was licensed by UC San Diego to Eikonoklastes Therapeutics in 2021. Eikonoklastes was granted Orphan Drug Designation (ODD) by the FDA for the use of the patented gene therapy in amyotrophic lateral sclerosis (ALS) also known as Lou Gehrig's disease.
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COVID-19 protein triggers immune attacks on healthy cells - but a common drug can stop it | ScienceDaily
A new study reveals that the SARS-CoV-2 nucleocapsid protein can spread from infected to uninfected cells, triggering an immune response that mistakenly targets healthy cells. The research identifies how this viral protein binds to cell surfaces and shows that enoxaparin, a common anticoagulant, can block this harmful interaction, pointing to a potential avenue for treatment. These findings shed light on the mechanisms behind severe COVID-19 complications and immune-driven tissue damage.


						
A new study involving collaborative efforts of the laboratories of Dr. Alexander Rouvinski, Prof. Ora Schueler-Furman and Prof. Reuven Wiener, led by PhD students Jamal Fahoum and Maria Billan from the Faculty of Medicine at the Hebrew University of Jerusalem, uncovers a surprising mechanism by which the SARS-CoV-2 virus, responsible for COVID-19, might cause immune-mediated tissue damage by targeting cells it has never infected. A fruitful collaboration with clinicians: Dr. Dan Padawer, Prof Dana Wolf and Dr. Orly Zelig and their team members from several departments at Hebrew University -- Hadassah Medical Center provided the complementary clinical data necessary for this work. SARS-CoV-2 infection experiments essential for this research were performed in the recently established high biocontainment national laboratory, Barry Skolnick Biosafety Level 3 (BSL3) National Unit at the Core Research Facility at the Faculty of Medicine of the Hebrew University of Jerusalem.

Published in Cell Reports, the study demonstrates that the virus's nucleocapsid protein (NP), best known for its role in packaging viral RNA inside infected cells, is transferred to neighboring uninfected epithelial cells and attach to their surfaces. Once present on these otherwise healthy cells, NP is recognized by the immune system and is targeted by anti-NP antibodies, which mistakenly label the cells for destruction. This process activates the classical complement pathway, leading to inflammation and cellular damage that might contribute to severe COVID-19 outcomes and complications such as long COVID.

This research uncovers a surprising way in which the SARS-CoV-2 virus can misdirect the immune system, causing the attack of healthy cells, simply because they have been marked by a viral protein. Understanding this mechanism opens the door to new strategies for preventing immune-driven damage in COVID-19 and possibly other viral infections, which are a subject of the ongoing studies in the laboratories leading this research.

The researchers used laboratory grown cells, sophisticated imaging techniques, and samples from COVID-19 patients to understand how a specific viral protein, called the nucleocapsid protein attaches to healthy cells. They discovered that this protein sticks to certain sugar-like molecules found on the surface of many cells, called Heparan Sulfate proteoglycans. When this happens, clumps of the viral protein form on these healthy cells. The immune system then mistakenly attacks these clumps using antibodies, which sets off a chain reaction that might damage the cells, both infected and healthy cells in the infected organism.

The researchers also found that the drug enoxaparin, a commonly used blood thinner, can block the viral protein from sticking to healthy cells. It does this by taking over the spots the protein would normally bind to, being a heparin analog. In both lab experiments and when samples obtained from patients were tested in the lab, enoxaparin stopped the protein from attaching to cells and helped prevent the immune system from mistakenly attacking them.

The authors dedicate the article to the memory of the late Prof. Herve (Hillel) Bercovier, a gifted microbiologist, an inspiring scientist, and a great mentor. This research was supported by several research funds, including major contributions from The Edmond and Benjamin de Rothschild Foundation and The Israel Science Foundation of the Israel Academy of Science and Humanities.
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USC's new AI implant promises drug-free relief for chronic pain | ScienceDaily
Chronic pain is a debilitating condition that severely impacts quality of life, often leading to reliance on opioid medications with their severe side effects and addiction risks. According to the U.S. Pain Foundation, 51.6 million Americans live with chronic pain. For over 17 million sufferers, their chronic pain is high-impact - frequently limiting their life or work activities.


						
Current implantable electrical stimulators offer an alternative by stimulating the spinal cord to block pain signals from reaching the brain. But these devices come with drawbacks like high cost, invasive surgery, and the need for frequent battery replacements. Now, researchers from the Zhou Lab in USC Viterbi's Alfred E. Mann Department of Biomedical Engineering, in collaboration with the Jun Chen Group at UCLA, have developed a revolutionary solution: a flexible ultrasound-induced wireless implantable (UIWI) stimulator secured to the spine and designed for personalized, self-adaptive chronic pain management.

This groundbreaking device, detailed in Nature Electronics, represents a significant leap forward in pain therapy. While current spinal cord stimulators can be unwieldy and are hard-wired to batteries, the new device is designed to bend and twist with movement and is powered by a wearable ultrasound transmitter without the need for a battery. It also harnesses machine learning algorithms to customize treatment for each patient. The work was led by Zohrab A. Kaprielian Fellow in Engineering Qifa Zhou, who is also a professor of ophthalmology at the Keck School of Medicine of USC.

Pain Relief on Demand: How the Implantable Stimulator Works

At the heart of this innovation is its wireless power supply, eliminating the need for bulky batteries and complex wired interfaces that often require repeated surgeries. The UIWI stimulator receives its energy from an external, wearable ultrasound transmitter (WUT). Ultrasound offers a safe, effective non-invasive method for deep-tissue penetration. The device converts mechanical waves into electrical signals through a phenomenon called the piezoelectric effect. The core of the UIWI stimulator is a miniaturized piezoelectric element made from lead zirconate titanate (PZT), a highly efficient material for converting incoming ultrasound energy into the electrical power needed for stimulation.

"What truly sets this device apart is its wireless, smart and self-adaptive capability for pain management," Zhou said. "We believe it offers great potential to replace pharmacological schemes and conventional electrical stimulation approaches, aligning with clinical needs for pain mitigation."

Ph.D. candidate in the Zhou Lab and lead author Yushun (Sean) Zeng said the wireless smart miniaturized stimulator had the ability to produce sufficient electrical stimulation intensity by using ultrasound energy, resulting in a more personalized, targeted and localized treatment.




"This energy-converting type is critical for deep stimulation, as ultrasound is a non-invasive and highly penetrating energy in clinical and medical areas," Zeng said. "By leveraging wireless ultrasonic energy transfer and closed-loop feedback system, this UIWI stimulator removes the necessity for bulky implanted batteries and allows for real-time, precisely adjustable pain modulation."

"From a clinical standpoint, incorporating deep learning-based pain assessment enables dynamic interpretation and response to fluctuating pain states, which is essential for accommodating patient-specific variability." added Zhou Lab Ph.D. candidate Chen Gong, also a lead author on the paper.

The device works by:

Detecting pain: The system continuously monitors brain recordings, specifically electroencephalogram (EEG) signals, which reflect a patient's pain levels. Harnessing AI to assess pain levels: A sophisticated machine learning model, based on a neural network called ResNet-18, analyzes these brain signals and classifies pain into three distinct levels: slight pain, moderate pain, and extreme pain. This AI model boasts a 94.8% overall accuracy in distinguishing between these pain states. Adapting treatment as needed: Once a pain level is identified, the wearable ultrasound transmitter automatically adjusts the acoustic energy it transmits. The UIWI stimulator can then sense the propagated energy and convert it into electrical intensity, stimulating the spinal cord. This creates a closed-loop system that provides real-time, personalized pain management. The UIWI stimulator itself is flexible, bendable, and twistable, allowing for optimal placement on the spinal cord. The electrical stimulation it provides to the spinal cord works by rebalancing the signals that transmit and inhibit pain, effectively suppressing the sensation of pain.

Demonstrated Success in the Lab The Zhou Lab team tested the UIWI stimulator in rodent models, with results demonstrating its effectiveness for pain management.

Researchers successfully relieved chronic neuropathic pain caused by both mechanical stimuli (like a pin prick) and acute thermal stimuli (infrared heat).




Lab tests showed that treatment from the UIWI stimulator led to significant reductions in pain indicators. In one experiment to evaluate whether an animal associates an environment with pain relief, rodents showed a clear preference for the chamber where the pain management system was activated, further confirming the device's effectiveness.

The Future of Personalized Pain Relief

The successful development and testing of the UIWI stimulator mark a pivotal moment in the quest for advanced pain management. The flexible design of the implant and its integration with sophisticated AI algorithms offer a dynamic and personalized treatment approach that can adapt to the fluctuating and highly individual nature of chronic pain.

Looking ahead, Zhou and his collaborators are hoping for even more advanced applications of the device. Zhou said that future designs could miniaturize the components further, enabling less invasive device implantation -- for instance, with a syringe. The wearable ultrasound transmitter could also evolve into an untethered, miniaturized device or even a wearable ultrasound array patch, potentially combining imaging capabilities with energy delivery for real-time monitoring and targeted stimulation. Future iterations could also be controlled by smartphone software, offering even more robust personalized pain management.

Zhou said the aim of the device was to transform chronic pain management, moving beyond the limitations of current solutions to offer a truly personalized, intelligent, and effective pathway to pain relief.

"Our findings highlight the potential of ultrasonic implantable electronics in clinical and translational chronic pain management," Zeng said.
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Your CT scan could reveal a hidden heart risk-and AI just learned how to find it | ScienceDaily
Mass General Brigham researchers have developed a new AI tool in collaboration with the United States Department of Veterans Affairs (VA) to probe through previously collected CT scans and identify individuals with high coronary artery calcium (CAC) levels that place them at a greater risk for cardiovascular events. Their research, published in NEJM AI, showed the tool called AI-CAC had high accuracy and predictive value for future heart attacks and 10-year mortality. Their findings suggest that implementing such a tool widely may help clinicians assess their patients' cardiovascular risk.


						
"Millions of chest CT scans are taken each year, often in healthy people, for example to screen for lung cancer. Our study shows that important information about cardiovascular risk is going unnoticed in these scans," said senior author Hugo Aerts, PhD, director of the Artificial Intelligence in Medicine (AIM) Program at Mass General Brigham. "Our study shows that AI has the potential to change how clinicians practice medicine and enable physicians to engage with patients earlier, before their heart disease advances to a cardiac event."

Chest CT scans can detect calcium deposits in the heart and arteries that increase the risk of a heart attack. The gold standard for quantifying CAC uses "gated" CT scans, that synchronize to the heartbeat to reduce motion during the scan. But most chest CT scans obtained for routine clinical purposes are "nongated."

The researchers recognized that CAC could still be detected on these nongated scans, which led them to develop AI-CAC, a deep learning algorithm to probe through the nongated scans and quantify CAC to help predict the risk of cardiovascular events. They trained the model on chest CT scans collected as part of the usual care of veterans across 98 VA medical centers and then tested AI-CAC's performance on 8,052 CT scans to simulate CAC screening in routine imaging tests.

The researchers found the AI-CAC model was 89.4% accurate at determining whether a scan contained CAC or not. For those with CAC present, the model was 87.3% accurate at determining whether the score was higher or lower than 100, indicating a moderate cardiovascular risk. AI-CAC was also predictive of 10-year all-cause mortality -- those with a CAC score of over 400 had a 3.49 times higher risk of death over a 10-year period than patients with a score of zero. Of the patients the model identified as having very high CAC scores (greater than 400), four cardiologists verified that almost all of them (99.2%) would benefit from lipid lowering therapy.

"At present, VA imaging systems contain millions of nongated chest CT scans that may have been taken for another purpose, around 50,000 gated studies. This presents an opportunity for AI-CAC to leverage routinely collected nongated scans for purposes of cardiovascular risk evaluation and to enhance care," said first author Raffi Hagopian, MD, a cardiologist and researcher in the Applied Innovations and Medical Informatics group at the VA Long Beach Healthcare System. "Using AI for tasks like CAC detection can help shift medicine from a reactive approach to the proactive prevention of disease, reducing long-term morbidity, mortality and healthcare costs."

Limitations to the study include the fact that the algorithm was developed on an exclusively veteran population. The team hopes to conduct future studies in the general population and test whether the tool can assess the impact of lipid-lowering medications on CAC scores.

Authorship: In addition to Aerts, Mass General Brigham authors include Simon Bernatz, and Leonard Nurnberg. Additional authors include Raffi Hagopian, Timothy Strebel, Gregory A. Myers, Erik Offerman, Eric Zuniga, Cy Y. Kim, Angie T. Ng, James A. Iwaz, Sunny P. Singh, Evan P. Carey, Michael J. Kim, R. Spencer Schaefer, Jeannie Yu, and Amilcare Gentili.

Funding: This work was funded by the Veterans Affairs health care system.
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Recycled plastic is a toxic cocktail: Over 80 chemicals found in a single pellet | ScienceDaily
A single pellet of recycled plastic can contain over 80 different chemicals. A new study with researchers from University of Gothenburg and Leipzig shows that recycled polyethylene plastic can leach chemicals into water causing impacts in the hormone systems and lipid metabolism of zebrafish larvae.


						
The plastic pollution crisis has reached global levels, threatening both planetary and human health, and recycling is proposed as one of the solutions to the plastics pollution crisis. However, as plastics contain thousands of chemical additives and other substances that can be toxic, and these are almost never declared, hazardous chemicals can indiscriminately end up in recycled products.

Increasing gene expressions

In a new study, researchers bought plastic pellets recycled from polyethylene plastic from different parts of the world and let the pellets soak in water for 48 hours. After which zebrafish larvae were exposed to the water for five days. The experimental results show increases in gene expression relating to lipid metabolism, adipogenesis, and endocrine regulation in the larvae.

"These short leaching times and exposure times are yet another indicator of the risks that chemicals in plastics pose to living organisms. The impacts that we measured show that these exposures have the potential to change the physiology and health of the fish," says Azora Konig Kardgar, lead author and researcher in ecotoxicology at the University of Gothenburg.

"Never full knowledge" 

Previous research has shown similar effects to humans, including threats to reproductive health and obesity, from exposure to toxic chemicals in plastics. Some chemicals used as additives in plastics and substances that contaminate plastics are known to disturb hormones, with potential impacts on fertility, child development, links to certain cancers, and metabolic disorders including obesity and diabetes.




"This is the main obstacle with the idea of recycling plastic. We never have full knowledge of what chemicals will end up in an item made of recycled plastic. And there is also a significant risk of chemical mixing events occuring, which render the recycled plastic toxic," says Bethanie Carney Almroth, professor at the University of Gothenburg and principal investigator on the project.

Different chemicals

Apart from the study on the impact that recycled plastics have on zebra fish larvae, the researcher also conducted a chemical analysis of the chemicals leaching from the plastic pellets to the water. And they found a lot of different chemical compounds, but the mixture altered between different samples of pellets.

"We identified common plastics chemicals, including UV-stabilizers and plasticizers, as well as chemicals that are not used as plastics additives, including pesticides, pharmaceuticals and biocides. These may have contaminated the plastics during their first use phase, prior to becoming waste and being recycled. This is further evidence of the complicated issue of plastics waste flows, and of toxic chemicals contaminating recycled plastics," says Eric Carmona, researcher at Department of Exposure Science, Helmholtz Centre for Environmental Research in Leipzig.

"Ban hazardous chemicals"

Representatives from the nations of the world are preparing to head to Geneva, Switzerland, in August, for what is planned to be the final negotiating meeting for a Global Plastics Treaty at the Intergovernmental Negotiating Committee under the United Nations Environmental Program. The authors of the work stress that negotiators and decision-makers must include provisions to ban or reduce hazardous chemicals in plastics, and to increase transparency and reporting along plastics value chains. Plastics cannot be recycled in a safe and sustainable manner if hazardous chemicals are not addressed.

"This work clearly demonstrates the need to address toxic chemicals in plastics materials and products, across their life cycle," says Professor Bethanie Carney Almroth. "We cannot safely produce and use recycled plastics if we cannot trace chemicals throughout production, use and waste phases."

Facts: Polyethylene (PE)

Polyethylene, abbreviated PE, is a type of plastic used in a lot of packaging materials like bottle caps, plastic bags, agricultural mulch films, insulation for wiring and cables, pipes, ropes, toys and household items. It is the most widely produced and used polymer. On plastic products made of polyethylene, the number in the recycling code is either 2 or 4.
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From cursed tomb fungus to cancer cure: Aspergillus flavus yields potent new drug | ScienceDaily
Penn-led researchers have turned a deadly fungus into a potent cancer-fighting compound. After isolating a new class of molecules from Aspergillus flavus, a toxic crop fungus linked to deaths in the excavations of ancient tombs, the researchers modified the chemicals and tested them against leukemia cells. The result? A promising cancer-killing compound that rivals FDA-approved drugs and opens up new frontiers in the discovery of more fungal medicines.


						
"Fungi gave us penicillin," says Sherry Gao, Presidential Penn Compact Associate Professor in Chemical and Biomolecular Engineering (CBE) and in Bioengineering (BE) and senior author of a new paper in Nature Chemical Biologyon the findings. "These results show that many more medicines derived from natural products remain to be found."

From Curse to Cure

Aspergillus flavus, named for its yellow spores, has long been a microbial villain. After archaeologists opened King Tutankhamun's tomb in the 1920s, a series of untimely deaths among the excavation team fueled rumors of a pharaoh's curse. Decades later, doctors theorized that fungal spores, dormant for millennia, could have played a role.

In the 1970s, a dozen scientists entered the tomb of Casimir IV in Poland. Within weeks, 10 of them died. Later investigations revealed the tomb contained A. flavus, whose toxins can lead to lung infections, especially in people with compromised immune systems.

Now, that same fungus is the unlikely source of a promising new cancer therapy.

A Rare Fungal Find

The therapy in question is a class of ribosomally synthesized and post-translationally modified peptides, or RiPPs, pronounced like the "rip" in a piece of fabric. The name refers to how the compound is produced -- by the ribosome, a tiny cellular structure that makes proteins -- and the fact that it is modified later, in this case, to enhance its cancer-killing properties.




"Purifying these chemicals is difficult," says Qiuyue Nie, a postdoctoral fellow in CBE and the paper's first author. While thousands of RiPPs have been identified in bacteria, only a handful have been found in fungi. In part, this is because past researchers misidentified fungal RiPPs as non-ribosomal peptides and had little understanding of how fungi created the molecules. "The synthesis of these compounds is complicated," adds Nie. "But that's also what gives them this remarkable bioactivity."

Hunting for Chemicals

To find more fungal RiPPs, the researchers first scanned a dozen strains of Aspergillus, which previous research suggested might contain more of the chemicals.

By comparing chemicals produced by these strains with known RiPP building blocks, the researchers identified A. flavus as a promising candidate for further study.

Genetic analysis pointed to a particular protein in A. flavus as a source of fungal RiPPs. When the researchers turned the genes that create that protein off, the chemical markers indicating the presence of RiPPs also disappeared.

This novel approach -- combining metabolic and genetic information -- not only pinpointed the source of fungal RiPPs in A. flavus, but could be used to find more fungal RiPPs in the future.




A Potent New Medicine

After purifying four different RiPPs, the researchers found the molecules shared a unique structure of interlocking rings. The researchers named these molecules, which have never been previously described, after the fungus in which they were found: asperigimycins.

Even with no modification, when mixed with human cancer cells, asperigimycins demonstrated medical potential: two of the four variants had potent effects against leukemia cells.

Another variant, to which the researchers added a lipid, or fatty molecule, that is also found in the royal jelly that nourishes developing bees, performed as well as cytarabine and daunorubicin, two FDA-approved drugs that have been used for decades to treat leukemia.

Cracking the Code of Cell Entry

To understand why lipids enhanced asperigimycins' potency, the researchers selectively turned genes on and off in the leukemia cells. One gene, SLC46A3, proved critical in allowing asperigimycins to enter leukemia cells in sufficient numbers.

That gene helps materials exit lysosomes, the tiny sacs that collect foreign materials entering human cells. "This gene acts like a gateway," says Nie. "It doesn't just help asperigimycins get into cells, it may also enable other 'cyclic peptides' to do the same."

Like asperigimycins, those chemicals have medicinal properties -- nearly two dozen cyclic peptides have received clinical approval since 2000 to treat diseases as varied as cancer and lupus -- but many of them need modification to enter cells in sufficient quantities.

"Knowing that lipids can affect how this gene transports chemicals into cells gives us another tool for drug development," says Nie.

Disrupting Cell Division

Through further experimentation, the researchers found that asperigimycins likely disrupt the process of cell division. "Cancer cells divide uncontrollably," says Gao. "These compounds block the formation of microtubules, which are essential for cell division."

Notably, the compounds had little to no effect on breast, liver or lung cancer cells -- or a range of bacteria and fungi -- suggesting that asperigimycins' disruptive effects are specific to certain types of cells, a critical feature for any future medication.

Future Directions

In addition to demonstrating the medical potential of asperigimycins, the researchers identified similar clusters of genes in other fungi, suggesting that more fungal RiPPS remain to be discovered. "Even though only a few have been found, almost all of them have strong bioactivity," says Nie. "This is an unexplored region with tremendous potential."

The next step is to test asperigimycins in animal models, with the hope of one day moving to human clinical trials. "Nature has given us this incredible pharmacy," says Gao. "It's up to us to uncover its secrets. As engineers, we're excited to keep exploring, learning from nature and using that knowledge to design better solutions."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science; Rice University; the University of Pittsburgh; The University of Texas MD Anderson Cancer Center; Washington University School of Medicine, St. Louis; Baylor College of Medicine and the University of Porto. 

The study was supported by the U.S. National Institutes of Health (R35GM138207, R35CA274235, R35GM128779), the University of Pennsylvania, the Welch Foundation (C-2033-20200401), the Houston Area Molecular Biophysics Program (NIH Grant T32 GM008280), the Cancer Prevention and Research Institute of Texas (RR220087, RR210029) and the National Science Foundation (OAC-2117681, OAC-1928147, OAC-1928224). 

Additional co-authors include Fanglong Zhao, Xuerong Yu, Caleb Chang, Rory Sharkey, Bryce Kille, Hongzi Zheng, Kevin Yang, Alan Du, Todd Treangen, Yang Gao and Hans Renata of Rice University; Chunxiao Sun and Shuai Liu of Penn Engineering and Rice; Siting Li and Junjie Chen of MD Anderson; Mithun C. Madhusudhanan and Peng Liu of Pitt; Sandipan Roy Chowdhury, Dongyin Guan, Jin Wang, Xin Yu and Dishu Zhou of Baylor; Maria Zotova and Zichen Hu of Penn Engineering; Sandra A. Figueiredo and Pedro N. Leao of the University of Porto; and Andy Xu and Rui Tang of Wash U, St. Louis.
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Affordances in the brain: The human superpower AI hasn't mastered | ScienceDaily
How do you intuitively know that you can walk on a footpath and swim in a lake? Researchers from the University of Amsterdam have discovered unique brain activations that reflect how we can move our bodies through an environment. The study not only sheds new light on how the human brain works, but also shows where artificial intelligence is lagging behind. According to the researchers, AI could become more sustainable and human-friendly if it incorporated this knowledge about the human brain.


						
When we see a picture of an unfamiliar environment -- a mountain path, a busy street, or a river -- we immediately know how we could move around in it: walk, cycle, swim or not go any further. That sounds simple, but how does your brain actually determine these action opportunities?

PhD student Clemens Bartnik and a team of co-authors show how we make estimates of possible actions thanks to unique brain patterns. The team, led by computational neuroscientist Iris Groen, also compared this human ability with a large number of AI models, including ChatGPT. "AI models turned out to be less good at this and still have a lot to learn from the efficient human brain," Groen concludes.

Viewing images in the MRI scanner

Using an MRI scanner, the team investigated what happens in the brain when people look at various photos of indoor and outdoor environments. The participants used a button to indicate whether the image invited them to walk, cycle, drive, swim, boat or climb. At the same time, their brain activity was measured.

"We wanted to know: when you look at a scene, do you mainly see what is there -- such as objects or colors -- or do you also automatically see what you can do with it," says Groen. "Psychologists call the latter "affordances" -- opportunities for action; imagine a staircase that you can climb, or an open field that you can run through."

Unique processes in the brain

The team discovered that certain areas in the visual cortex become active in a way that cannot be explained by visible objects in the image. "What we saw was unique," says Groen. "These brain areas not only represent what can be seen, but also what you can do with it." The brain did this even when participants were not given an explicit action instruction. 'These action possibilities are therefore processed automatically," says Groen. "Even if you do not consciously think about what you can do in an environment, your brain still registers it."




The research thus demonstrates for the first time that affordances are not only a psychological concept, but also a measurable property of our brains.

What AI doesn't understand yet

The team also compared how well AI algorithms -- such as image recognition models or GPT-4 -- can estimate what you can do in a given environment. They were worse at predicting possible actions. "When trained specifically for action recognition, they could somewhat approximate human judgments, but the human brain patterns didn't match the models' internal calculations," Groen explains.

"Even the best AI models don't give exactly the same answers as humans, even though it's such a simple task for us," Groen says. "This shows that our way of seeing is deeply intertwined with how we interact with the world. We connect our perception to our experience in a physical world. AI models can't do that because they only exist in a computer."

AI can still learn from the human brain

The research thus touches on larger questions about the development of reliable and efficient AI. "As more sectors -- from healthcare to robotics -- use AI, it is becoming important that machines not only recognize what something is, but also understand what it can do," Groen explains. "For example, a robot that has to find its way in a disaster area, or a self-driving car that can tell apart a bike path from a driveway."

Groen also points out the sustainable aspect of AI. "Current AI training methods use a huge amount of energy and are often only accessible to large tech companies. More knowledge about how our brain works, and how the human brain processes certain information very quickly and efficiently, can help make AI smarter, more economical and more human-friendly."
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The common blood test that predicts how fast Alzheimer's hits | ScienceDaily
Insulin resistance detected by routine triglyceride-glucose (TyG) index can flag people with early Alzheimer's who are four times more likely to present rapid cognitive decline, according to new research presented at the European Academy of Neurology (EAN) Congress 2025.1


						
Neurologists at the University of Brescia reviewed records for 315 non-diabetic patients with cognitive deficits, including 200 with biologically confirmed Alzheimer's disease. All subjects underwent an assessment of insulin resistance using the TyG index and a clinical follow-up of 3 years. When patients were divided according to TyG index, those in the highest third of the Mild Cognitive Impairment AD subgroup deteriorated far more quickly than their lower-TyG peers, losing >2.5 points on the Mini Mental State Examination per year (hazard ratio 4.08, 95% CI 1.06-15.73). No such link appeared in the non-AD cohort.

"Once mild cognitive impairment is diagnosed, families always ask how fast it will progress," said lead investigator Dr. Bianca Gumina. "Our data show that a simple metabolic marker available in every hospital laboratory can help identify more vulnerable subjects who may be suitable candidates for targeted therapy or specific intervention strategies."

While insulin resistance has been linked to the onset of Alzheimer's disease, its role in how quickly the condition progresses has received less attention. This study aimed to fill that gap by focusing on its impact during the prodromal mild cognitive impairment (MCI) stage, when patients follow highly variable trajectories. The researchers used the TyG index, which offers a low-cost, routinely available surrogate for insulin resistance, to explore whether metabolic dysfunction could help predict the pace of cognitive decline after diagnosis.

In AD specifically, insulin resistance is believed to impair neuronal glucose uptake, promote amyloid accumulation, disrupt the blood-brain barrier, and fuel inflammation - pathways that are less relevant or differently regulated in other neurodegenerative diseases.

"We were surprised to see the effect only in the Alzheimer's spectrum and not in other neurodegenerative diseases," Dr. Gumina noted. "It suggests a disease-specific vulnerability to metabolic stress during the prodromal window, when interventions may still change the trajectory."

The researchers at University of Brescia, led by Professor Padovani and Professor Pilotto, found that high TyG was also associated with blood-brain barrier disruption and cardiovascular risk factors, yet it showed no interaction with the APOE e4 genotype, indicating that metabolic and genetic risks may act through distinct pathways.2

Identifying high-TyG patients could refine enrolment for anti-amyloid or anti-tau trials and prompt earlier lifestyle or pharmacological measures to improve insulin sensitivity. The researchers are currently investigating whether TyG levels also track with neuroimaging biomarkers to aid earlier detection and stratification.

"If targeting metabolism can delay progression, we will have a readily modifiable target that works alongside emerging disease-modifying drugs," concluded Dr. Gumina.

References:
    	Gumina B., Galli A., Tolassi C. et al. The Triglyceride-Glucose Index as Predictor of Cognitive Decline in Alzheimer's Spectrum Disorders. Presented at the European Academy of Neurology (EAN) Congress 2025; 23 June 2025; Helsinki, Finland.
    	Padovani A., Galli A., Bazzoli E., et al. (2025). The role of insulin resistance and APOE genotype on blood-brain barrier integrity in Alzheimer's disease. Alzheimer's & Dementia. Advance online publication. https://doi.org/10.1002/alz.14556
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Superbugs in your shrimp: Deadly colistin-resistance genes ride on imported seafood | ScienceDaily
Resistance to colistin, a potent antibiotic, is on the rise.


						    	In 2016, researchers discovered that colistin resistance could be transferred laterally among microbes.
    	Researchers have isolated genes that confer colistin resistance from imported seafood purchased from markets in Atlanta, Ga.
    	The findings suggest imported seafood could promote the spread of transmissible colistin resistance.

Colistin is a potent, last-resort antibiotic, used only to treat people with dangerous, life-threatening bacterial infections that have developed resistance to other drugs. But it's not foolproof. Worldwide, resistance to colistin is spreading, further diminishing treatment options and putting infected people at higher risk.

Researchers from the University of Georgia recently identified a way that colistin resistance genes are spreading: Imported seafood. In a new study, microbiologist Issmat Kassem, Ph.D., and his group have reported the first isolation of colistin-resistance genes in bacteria found in imported shrimp and scallops, purchased from 8 food markets around Atlanta, Ga. Kassem will be presenting the findings this week in Los Angeles at ASM Microbe 2025, the annual meeting of the American Society for Microbiology. An accompanying paper will be published in the ASM journal mSphere.

"We love our seafood," Kassem said. Many people don't know that most seafood consumed in the U.S. is imported, he said, including about 90% of shrimp. Imported seafood is screened for contaminants but the process doesn't catch everything, especially antimicrobial resistance genes. "The bacteria that were carrying colistin resistance genes are not normally screened." Kassem and his group also found that some of the resistance genes are carried on plasmids -- round bits of genetic material that can be transmitted from bacteria to bacteria.

Antimicrobial resistant infections kill hundreds of thousands of people globally every year, and antimicrobial resistance is a rising public health menace. Colistin was first introduced in the 1950s to treat infections by pathogenic Gram-negative bacteria, but it takes a heavy toll on patients, including increased risk of damage to the nerves and kidneys. It was discontinued in the U.S. in the 1980s. However, Kassem noted, other countries continued to use it in agricultural settings, both to treat infections and to promote animal growth. Colistin was eventually reintroduced to human medicine because it was one of the few options available to treat certain bacterial infections. The World Health Organization categorizes colistin as a high priority critically important antibiotic, which means it is an essential option for treating serious human infections.

In 2016, researchers discovered a mobile colistin resistant gene, or mcr, that was "mobile" because it could be transferred via lateral transmission, in plasmids passed among bacteria. Before then, Kassem said, researchers believed colistin resistance was inherited, not shared, "which means it could not jump between different bacteria."

Researchers have now identified at least 10 mcr genes and many alleles, or variations. Kassem, who has been studying antimicrobial resistance for 2 decades, suspected it might spread through the importing and exporting of food.

"Our food is sourced from different places," he said. "If you go out to lunch today, your plate might have ingredients from 6, 7, 8 countries. Some countries do not have strict regulations for using antibiotics in food animal production, so imported food can be a vehicle for transmission of resistance." In previous work, his group found mcr genes in samples from wastewater in Georgia; they also found the bacterial host that was carrying the plasmid containing the genes. It wasn't normally screened in food coming into the United States, he said. In studies published since then, researchers have found mcr genes in plasmids elsewhere.

When they screened seafood purchased from markets in Georgia, they found the same bacterial host, the same plasmids and the same genes that they'd previously identified in wastewater. "The good news is that we didn't find it in locally produced seafood," Kassem said.

He cautioned that the group identified 1 source of colistin resistance, but there could be other, and they're likely spreading. "We live in a very connected world," he said. "We move a lot, we travel a lot, our food travels, and we are going to spread whatever emerges, even across national borders. So, it's important to invest in monitoring systems and expand them and collaborate, especially on the global level, on the issue of antimicrobial resistance."
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HIV is surging in over-50s-But campaigns still target the young | ScienceDaily
Prevention and treatment campaigns are not adequately targeting the particular needs of the 50+ years age group.


						
Indeed, between 2000 and 2016, the number of adults aged 50 years and older living with HIV in sub-Saharan Africa doubled. At present, their HIV prevalence is exceeding that of younger adults.

By 2040, one-quarter of people living with HIV in Africa will be aged 50 years and older; tailored awareness and treatment campaigns are pressing.

Dr Luicer Olubayo, a researcher at the Sydney Brenner Institute for Molecular Bioscience (SBIMB) at Wits University and the first author of a study published in The Lancet Healthy Longevity journal, which investigated HIV in older people in Kenya and South Africa, noted that perceptions on who acquires HIV are limited. "We often think of HIV as a disease of younger people. It doesn't help that intervention campaigns are mainly targeted at the youth."

Moreover, older adults are less likely to believe that they can get HIV. This misconception is pervasive and has consequences for reaching global targets to achieve UNAIDS' 95-95-95 targets by 2030 (95% of people living with HIV know their status, 95% of people who know their status are on treatment, and 95% have a suppressed viral load).

"While HIV prevalence among individuals over 50 years of age is similar to or even exceeds that of younger adults, HIV surveys focus on younger individuals, leaving considerable gaps in understanding HIV prevalence, incidence and treatment outcomes in older populations," says Associate Professor F. Xavier Gomez-Olive, at the MRC/Wits-Agincourt Research Unit.

Stigma remains a barrier to treatment 

The uptake of HIV testing among older adults is poor, which delays diagnosis and limits access to care. This is, indeed, one of the signifiers of the pervasiveness of stigma surrounding the disease.




"We know that there is significant social stigma related to HIV infection. This is why understanding HIV-related stigma in older adults remains crucial as a way to inform interventions to support older people's mental health and overall well-being," says Olubayo.

Interventions could focus on repeated testing, the use of pre-exposure prophylaxis (PrEP), and campaigns to increase awareness and reduce infections among the elderly.

"HIV can be managed alongside other chronic conditions, too, since HIV is managed as a long-term illness," says Gomez-Olive.

Non-communicable diseases, such as hypertension, diabetes, and obesity, have dramatically increased in sub-Saharan Africa, particularly among older people. HIV treatment and intervention can be included in the healthcare ecosystem of long-term illnesses.

Apart from stigma, a complex interplay of factors shapes HIV risk 

The study shows that age, education, gender, and where people live all affect their risk of HIV. Even though more people now have access to HIV treatment, older adults -- especially in rural areas -- still face significant challenges in preventing HIV, such as low education levels and gender inequality.




Widowed women had the highest HIV rate (30.8%). This may be due to losing a partner to HIV, stigma, and a greater risk of unsafe behaviours like transactional sex and limited power to negotiate condom use. People without formal education and those with low income also had higher rates of HIV infection.

The benefit of longitudinal data to make decisions 

An important added value of this study is the provision of longitudinal insights into the HIV epidemic among older adults in sub-Saharan Africa. "Our study is beneficial in that older populations are under-represented, and not much is known about them over time. What changes are occurring? We have to answer these kinds of questions. With longitudinal data, we can look at the effectiveness of antiretroviral therapy coverage in older people," says Gomez-Olive.

The study used data collected in urban Kenya and in urban and rural sites across South Africa during two data collection waves: 2013-2016 and 2019-2022.

Throughout a decade of research, the team has been gaining a deeper understanding of this ageing HIV epidemic. Numerous important insights about HIV in older populations have been achieved, and research gaps are being covered.

Data for the study were drawn from the Africa Wits-INDEPTH Partnership for Genomic Research (AWI-Gen) from adults aged 40 years and older. AWI-Gen is a multicentre, longitudinal cohort study conducted at six research centres in four sub-Saharan African countries (South Africa, Kenya, Burkina Faso, and Ghana) to investigate various health determinants.
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Zapping aging cells: The fast, label-free test that could transform research | ScienceDaily
Researchers from Tokyo Metropolitan University have created a new way of telling "aged" human cells apart from younger ones using electric fields. While key markers have been found for these "senescent" cells, current methods require biochemical "labels" which are difficult to apply and affect the cells themselves, making them difficult to study. The new method is label-free and less damaging. The team aims to diversify the method, extending it to other cell types.


						
Aging starts at the cellular level. As we get older, aged or "senescent" cells accumulate in our body. Not only have these cells lost much of their original function, but they continue to emit compounds which trigger inflammation. There is a growing body of evidence for how they play a part in aging-related conditions like arterial hardening, Alzheimer's disease, and type 2 diabetes.

To understand and treat such ailments, scientists need to come to grips with how senescent cells affect our physiology. Naturally, this starts with identifying which of our cells are senescent, and which are not. Unfortunately, existing methods rely on selective "labeling," e.g. the attachment of a fluorescent molecule to specific compounds known to be present in aged cells. Not only is this time-consuming and complex, but the process itself can change the properties of the very thing scientists want to study.

To get around this issue, a team led by Assistant Professor Ippei Yagi from Tokyo Metropolitan University has come up with an entirely different approach to identifying senescent cells. Instead of chemical labels, they put cells under an alternating electric field. This causes a slight rearrangement of charge, where one end of the cell is more positively charged than the other. When the electric field is not uniform over space, the cell migrates; in the case of an alternating field, the cell wanders backwards and forwards between the electrodes. As the frequency of the field is changed, the motion of the cell changes significantly at a value known as the cutoff frequency. The method, known as frequency-modulated dielectrophoresis (FM-DEP), aims to characterize cell type by measuring this value.

The team focused their efforts on human dermal fibroblasts, an important part of connective tissue in the skin. When they tested senescent cells against younger ones, they found that there was a marked difference in their cutoff frequencies. These changes come about from changes in the fatty (lipid) molecules which make up the membrane of the cells. Importantly, FM-DEP is rapid, easy to apply, and label-free.

The new method is not only a convenient tool for research into aging, but may see application to regenerative medicine, and drug screening. The team hope to apply FM-DEP to other cell types as well, as a versatile new approach to cell identification.

This work was supported by JSPS KAKENHI Grant Numbers JP23K28453 and JP23KK0260.
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FDA under fire: Data discrepancies uncovered in AstraZeneca approval trials | ScienceDaily

For more than a decade, ticagrelor (Brilinta in the US and Brilique in Europe) has been recommended for patients with acute coronary syndrome -- a range of conditions related to sudden reduced blood flow to the heart.

Last December, an investigation by The BMJ found serious data integrity problems in the landmark clinical trial (PLATO) that was used to gain worldwide approval for ticagrelor, calling into question the drug's advantage over cheaper rivals.

Now, as generic versions of the drug prepare to launch this year, The BMJ has expanded its investigation, looking at two key platelet studies that AstraZeneca claimed explained ticagrelor's ability to treat acute coronary syndrome successfully.

It finds that the "primary endpoint" results (the trial's key measurement) for both clinical trials were inaccurately reported in the leading cardiology journal Circulation, and reveals that more than 60 of 282 readings from platelet machines used in the trials were not present in US Food and Drug Administration (FDA) datasets.

What's more, one active trial investigator never became a study author, while one author told The BMJ he was not involved in the trial, and most investigators, including the principal investigator, were unreachable or declined to be interviewed.

Victor Serebruany, an adjunct faculty member at Johns Hopkins University and ticagrelor's most renowned critic, told The BMJ that "there are episodes of skyrocketing rebound and profound platelet inhibition after ticagrelor making patients prone to thrombosis or bleeding. If doctors had known what happened in these trials, they would never have started using ticagrelor."

Circulation and AstraZeneca did not respond to a request for comment.

Serebruany added: "It's been obvious for years that there is something wrong with the data. That the FDA's leadership could look past all these problems -- on top of the many problems their own reviewers identified and are now being discovered by The BMJ -- is unconscionable. We all need to know how and why that happened."
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Myth-busting study shows controversial seed oils reduce inflammation | ScienceDaily
New research that used blood markers to measure linoleic acid levels and their relation to cardiometabolic risk adds evidence that this omega-6 fatty acid may help to lower risks for heart disease and type 2 diabetes. The findings challenge claims that seed oils are harmful to cardiometabolic health.


						
Linoleic acid, which is found in vegetable oils -- especially seed oils like soybean and corn oil -- and plant foods, is the primary omega-6 fatty acid consumed in the diet.

"There has been increasing attention on seed oils, with some claiming these oils promote inflammation and raise cardiometabolic risk," said Kevin C. Maki, Ph.D., adjunct professor at the Indiana University School of Public Health-Bloomington and chief scientist at Midwest Biomedical Research. "Our study, based on almost 1,900 people, found that higher linoleic acid in blood plasma was associated with lower levels of biomarkers of cardiometabolic risk, including those related to inflammation."

Maki presented the findings at NUTRITION 2025, the flagship annual meeting of the American Society for Nutrition held in Orlando, Florida.

The new results are consistent with those from observational studies that have shown higher intake of linoleic acid to be associated with lower risks for type 2 diabetes and cardiovascular events, such as heart attacks and strokes.

"Although other studies have assessed relationships between linoleic acid and cardiometabolic risk factors, our study used objective biomarkers rather than diet records or food frequency questionnaires to assess linoleic acid intake," said Maki. "We also measured a range of markers of inflammation and indicators of glucose metabolism."

For the new study, the investigators performed a cross-sectional analysis on data from 1,894 people in an observational cohort focused on Covid-19. They found that higher levels of linoleic acid in plasma -- indicative of dietary intake -- were consistently associated with lower levels of risk factors for cardiovascular disease and type 2 diabetes.

Specifically, study participants with higher linoleic acid showed lower levels of glucose and insulin as well as HOMA-IR, a biomarker of insulin resistance. They also had lower levels of inflammation biomarkers, including C-reactive protein, glycoprotein acetyls, and serum amyloid A.

"We saw consistent results across the different biomarkers measured," Maki said. "People with higher levels of linoleic acid in their blood tended to have a healthier overall risk profile for heart disease and diabetes."

The researchers say that their findings support the need for additional intervention studies to test whether increasing linoleic acid intake improves cardiometabolic risk factors and lowers the incidence of heart attacks, strokes and type 2 diabetes. Next, they plan to investigate how different types of oils with varying fatty acid content affect cardiometabolic risk factors.
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Iron overload: The hidden culprit behind early Alzheimer's in Down syndrome | ScienceDaily
Scientists at the USC Leonard Davis School of Gerontology have discovered a key connection between high levels of iron in the brain and increased cell damage in people who have both Down syndrome and Alzheimer's disease.


						
In the study, researchers found that the brains of people diagnosed with Down syndrome and Alzheimer's disease (DSAD) had twice as much iron and more signs of oxidative damage in cell membranes compared to the brains of individuals with Alzheimer's disease alone or those with neither diagnosis. The results point to a specific cellular death process that is mediated by iron, and the findings may help explain why Alzheimer's symptoms often appear earlier and more severely in individuals with Down syndrome.

"This is a major clue that helps explain the unique and early changes we see in the brains of people with Down syndrome who develop Alzheimer's," said Max Thorwald, lead author of the study and a postdoctoral fellow in the laboratory of University Professor Emeritus Caleb Finch at the USC Leonard Davis School. "We've known for a long time that people with Down syndrome are more likely to develop Alzheimer's disease, but now we're beginning to understand how increased iron in the brain might be making things worse."

Down syndrome and Alzheimer's

Down syndrome is caused by having an extra third copy, or trisomy, of chromosome 21. This chromosome includes the gene for amyloid precursor protein, or APP, which is involved in the production of amyloid-beta (Ab), the sticky protein that forms telltale plaques in the brains of people with Alzheimer's disease.

Because people with Down syndrome have three copies of the APP gene instead of two, they tend to produce more of this protein. By the age of 60, about half of all people with Down syndrome show signs of Alzheimer's disease, which is approximately 20 years earlier than in the general population.

"This makes understanding the biology of Down syndrome incredibly important for Alzheimer's research," said Finch, the study's senior author.




Key findings point to ferroptosis

The research team studied donated brain tissue from individuals with Alzheimer's, DSAD, and those without either diagnosis. They focused on the prefrontal cortex -- an area of the brain involved in thinking, planning, and memory -- and made several important discoveries:
    	Iron levels much higher in DSAD brains: Compared to the other groups, DSAD brains had twice the amount of iron in the prefrontal cortex. Scientists believe this buildup comes from tiny brain blood vessel leaks called microbleeds, which occur more frequently in DSAD than in Alzheimer's and are correlated with higher amounts of APP.
    	More damage to lipid-rich cell membranes: Cell membranes are made of fatty compounds called lipids and can be easily damaged by chemical stress. In DSAD brains, the team found more byproducts of this type of damage, known as lipid peroxidation, compared to amounts in Alzheimer's-only or control brains.
    	Weakened antioxidant defense systems: The team found that the activity of several key enzymes that protect the brain from oxidative damage and repair cell membranes was lower in DSAD brains, especially in areas of the cell membrane called lipid rafts.

Together, these findings indicate increased ferroptosis, a type of cell death characterized by iron-dependent lipid peroxidation, Thorwald explained: "Essentially, iron builds up, drives the oxidation that damages cell membranes, and overwhelms the cell's ability to protect itself."

Lipid rafts: a hotspot for brain changes

The researchers paid close attention to lipid rafts -- tiny parts of the brain cell membrane that play crucial roles in cell signaling and regulate how proteins like APP are processed. They found that in DSAD brains, lipid rafts had much more oxidative damage and fewer protective enzymes compared to Alzheimer's or healthy brains.

Notably, these lipid rafts also showed increased activity of the enzyme b-secretase, which interacts with APP to produce Ab proteins. The combination of more damage and more Ab production may promote the growth of amyloid plaques, thus speeding up Alzheimer's progression in people with Down syndrome, Finch explained.




Rare Down syndrome variants offer insight

The researchers also studied rare cases of individuals with "mosaic" or "partial" Down syndrome, in which the third copy of chromosome 21 is only present in a smaller subset of the body's cells. These individuals had lower levels of APP and iron in their brains and tended to live longer. In contrast, people with full trisomy 21 and DSAD had shorter lifespans and higher levels of brain damage.

"These cases really support the idea that the amount of APP -- and the iron that comes with it -- matters a lot in how the disease progresses," Finch said.

Looking ahead

The team says their findings could help guide future treatments, especially for people with Down syndrome who are at high risk of Alzheimer's. Early research in mice suggests that iron-chelating treatments, in which medicine binds to the metal ions and allows them to leave the body, may reduce indicators of Alzheimer's pathology, Thorwald noted.

"Medications that remove iron from the brain or help strengthen antioxidant systems might offer new hope," Thorwald said. "We're now seeing how important it is to treat not just the amyloid plaques themselves but also the factors that may be hastening the development of those plaques."

The study was supported by the National Institute on Aging, National Institutes of Health (P30-AG066519, R01-AG051521, P50-AG05142, P01-AG055367, R01AG079806, P50-AG005142, P30-AG066530, P30-AG066509, U01-AG006781, T32AG052374, R01AG079806-02S1, and T32-AG000037); Cure Alzheimer's Fund; Simons Collaboration on Plasticity in the Aging Brain (SF811217); Larry L. Hillblom Foundation (2022-A-010-SUP); Glenn Foundation for Medical Research; and the Navigage Foundation Award.
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Diabetes drug cuts migraines in half by targeting brain pressure | ScienceDaily
A diabetes medication that lowers brain fluid pressure has cut monthly migraine days by more than half, according to a new study presented today at the European Academy of Neurology (EAN) Congress 2025.1


						
Researchers at the Headache Center of the University of Naples "Federico II" gave the glucagon-like peptide-1 (GLP-1) receptor agonist liraglutide to 26 adults with obesity and chronic migraine (defined as [?]15 headache days per month). Patients reported an average of 11 fewer headache days per month, while disability scores on the Migraine Disability Assessment Test dropped by 35 points, indicating a clinically meaningful improvement in work, study, and social functioning.

GLP-1 agonists have gained recent widespread attention, reshaping treatment approaches for several diseases, including diabetes and cardiovascular disease.2 In the treatment of type 2 diabetes, liraglutide helps lower blood sugar levels and reduce body weight by suppressing appetite and reducing energy intake.3,4,5

Importantly, while participants' body-mass index declined slightly (from 34.01 to 33.65), this change was not statistically significant. An analysis of covariance confirmed that BMI reduction had no effect on headache frequency, strengthening the hypothesis that pressure modulation, not weight loss, drives the benefit.

"Most patients felt better within the first two weeks and reported quality of life improved significantly," said lead researcher Dr Simone Braca. "The benefit lasted for the full three-month observation period, even though weight loss was modest and statistically non-significant."

Patients were screened to exclude papilledema (optic disc swelling resulting from increased intracranial pressure) and sixth nerve palsy, ruling out idiopathic intracranial hypertension (IIH) as a confounding factor. Growing evidence closely links subtle increases in intracranial pressure to migraine attacks.6 GLP-1-receptor agonists such as liraglutide reduce cerebrospinal fluid secretion and have already proved effective in treating IIH.7 Therefore, building on these observations, Dr Braca and colleagues hypothesized that exploiting the same mechanism of action might ultimately dampen cortical and trigeminal sensitization that underlie migraine.

"We think that, by modulating cerebrospinal fluid pressure and reducing intracranial venous sinuses compression, these drugs produce a decrease in the release of calcitonin gene-related peptide (CGRP), a key migraine-promoting peptide," Dr Braca explained. "That would pose intracranial pressure control as a brand-new, pharmacologically targetable pathway."

Mild gastrointestinal side effects (mainly nausea and constipation) occurred in 38% of participants but did not lead to treatment discontinuation.




Following this exploratory 12-week pilot study, a randomized, double-blind trial with direct or indirect intracranial pressure measurement is now being planned by the same research team in Naples, led by Professor Roberto De Simone. "We also want to determine whether other GLP-1 drugs can deliver the same relief, possibly with even fewer gastrointestinal side effects," Dr Braca noted.

If confirmed, GLP-1-receptor agonists could offer a new treatment option for the estimated one in seven people worldwide who live with migraine,8 particularly those who do not respond to current preventives. Given liraglutide's established use in type 2 diabetes and obesity, it may represent a promising case of drug repurposing in neurology.

About the Expert:

Dr Simone Braca is a neurology resident and clinical research fellow at the Headache Centre of the University of Naples "Federico II," Italy. His work focuses on the interplay between applied pharmacodynamics, intracranial-pressure regulation and primary headache disorders. Dr Braca has authored or co-authored several peer-reviewed papers on migraine therapeutics and serves as an early-career representative in the European Academy of Neurology (EAN) Headache Scientific Panel. He combines hands-on patient care with translational research, aiming to bring novel, mechanism-based treatments from bench to bedside.
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Cold sore virus hijacks human genome in 3D--and scientists found its weak spot | ScienceDaily
Viruses are entirely dependent on their hosts to reproduce. They ransack living cells for parts and energy and hijack the host's cellular machinery to make new copies of themselves. Herpes simplex virus-1 (HSV-1), it turns out, also redecorates, according to a new study in Nature Communications.


						
Researchers at the Center for Genomic Regulation (CRG) in Barcelona have discovered the cold sore virus reshapes the human genome's architecture, rearranging its shape in three-dimensional space so that HSV-1 can access host genes most useful for its ability to reproduce.

"HSV-1 is an opportunistic interior designer, reshaping the human genome with great precision and choosing which bits it comes into contact with. It's a novel mechanism of manipulation we didn't know the virus had to exploit host resources," says Dr. Esther Gonzalez Almela, first author of the study.

While other herpes viruses have been seen compacting and reshaping host chromosomes, it was unclear whether it was a side effect of the virus invading and setting up its own viral replication factories. The study is the first proof that HSV-1 reshapes the human genome deliberately and within hours of infection.

Crucially, the researchers found that blocking a single host enzyme, topoisomerase I, completely blocked HSV-1's ability to rearrange the human genome during infection, bringing the hostile takeover to a halt. The discovery represents a new potential strategy to control a virus which infects nearly four billion people worldwide.

"In cell culture, inhibiting this enzyme stopped the infection before the virus could make a single new particle," says ICREA Research Professor Pia Cosma, corresponding author of the study at the Center for Genomic Regulation (CRG) in Barcelona. "That gives us a potential new therapeutic target to stop infection."

The researchers made the findings by combining super-resolution microscopy, an imaging technique which can see structures 20 nanometers wide, around 3,500 times thinner than a strand of hair, with Hi-C, a technique that reveals which bits of DNA are touching inside the nucleus. They used both techniques to gain new mechanistic insights into how HSV-1 hijacks human cells.




They found the hostile takeover begins within the first hour, with the virus hijacking the human RNA-polymerase II enzyme to help synthesize its own proteins. Topoisomerase I, an enzyme that snips DNA to release torsional stress, and cohesin, a structural protein, followed human RNA-polymerase II into the newly forming viral replication compartments.

Three hours after infection, most polymerase and a sizeable fraction of the other two factors had abandoned human genes. The wholesale theft causes transcription to collapse across the host genome, which in turn caused chromatin, the human genome's natural state inside cells, to be crushed into a dense shell just 30% of its original volume.

This was an unexpected finding, as the structure of chromatin is thought to dictate transcription. "We always thought dense chromatin shut genes down but here we see the opposite: stop enough transcription first and the DNA compacts afterwards. The relationship between activity and structure might be a two-way street," says Dr. Alvaro Castells Garcia, co-first author of the study.

Two in every three people under age 50 live with HSV-1. Once infected, people have the virus for life, though most cases are asymptomatic or manifest as recurrent cold sores. Rarely, the virus can cause blindness or life-threatening disease in newborns and immunocompromised people.

The findings of the study can help address the public health burden of HSV-1, which is considered a global health challenge because of its prevalence and ability to cause recurrent outbreaks. Though treatments are available to manage symptoms, drug-resistant strains are on the rise, and there is no cure
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Fitness trackers are failing millions - this fix could change everything | ScienceDaily
For many, fitness trackers have become indispensable tools for monitoring how many calories they've burned in a day. But for those living with obesity, who are known to exhibit differences in walking gait, speed, energy burned and more, these devices often inaccurately measure activity -- until now.


						h
For many, fitness trackers have become indispensable tools for monitoring how many calories they've burned in a day. But for those living with obesity, who are known to exhibit differences in walking gait, speed, energy burned and more, these devices often inaccurately measure activity -- until now.

Scientists at Northwestern University have developed a new algorithm that enables smartwatches to more accurately monitor the calories burned by people with obesity during various physical activities.

The technology bridges a critical gap in fitness technology, said Nabil Alshurafa, whose Northwestern lab, HABits Lab, created and tested the open-source, dominant-wrist algorithm specifically tuned for people with obesity. It is transparent, rigorously testable and ready for other researchers to build upon. Their next step is to deploy an activity-monitoring app later this year that will be available for both iOS and Android use.

"People with obesity could gain major health insights from activity trackers, but most current devices miss the mark," said Alshurafa, associate professor of behavioral medicine at Northwestern University Feinberg School of Medicine.

Current activity-monitoring algorithms that fitness trackers use were built for people without obesity. Hip-worn trackers often misread energy burn because of gait changes and device tilt in people with higher body weight, Alshurafa said. And lastly, wrist-worn models promise better comfort, adherence and accuracy across body types, but no one has rigorously tested or calibrated them for this group, he said.

"Without a validated algorithm for wrist devices, we're still in the dark about exactly how much activity and energy people with obesity really get each day -- slowing our ability to tailor interventions and improve health outcomes," said Alshurafa, whose team tested his lab's algorithm against 11 state-of-the-art algorithms designed by researchers using research-grade devices and used wearable cameras to catch every moment when wrist sensors missed the mark on calorie burn.




The findings will be published on June 19 in Nature Scientific Reports.

The exercise class that motivated the research

Alshurafa was motivated to create the algorithm after attending an exercise class with his mother-in-law who has obesity.

"She worked harder than anyone else, yet when we glanced at the leaderboard, her numbers barely registered," Alshurafa said. "That moment hit me: fitness shouldn't feel like a trap for the people who need it most."

Algorithm rivals gold-standard methods

By using data from commercial fitness trackers, the new model rivals gold-standard methods of measuring energy burn and can estimate how much energy someone with obesity is using every minute, achieving over 95% accuracy in real-world situations. This advancement makes it easier for more people with obesity to track their daily activities and energy use, Alshurafa said.




How the study measured energy burn

In one group, 27 study participants wore a fitness tracker and metabolic cart -- a mask that measures the volume of oxygen the wearer inhales and the volume of carbon dioxide the wearer exhales to calculate their energy burn (in kilocalories/kCals) and resting metabolic rate. The study participants went through a set of physical activities to measure their energy burn during each task. The scientists then looked at the fitness tracker results to see how they compared to the metabolic cart results.

In another group, 25 study participants wore a fitness tracker and body camera while just living their lives. The body camera allowed the scientists to visually confirm when the algorithm over- or under-estimated kCals.

At times, Alshurafa said he would challenge study participants to do as many pushups as they could in five minutes.

"Many couldn't drop to the floor, but each one crushed wall-pushups, their arms shaking with effort," he said, "We celebrate 'standard' workouts as the ultimate test, but those standards leave out so many people. These experiences showed me we must rethink how gyms, trackers and exercise programs measure success -- so no one's hard work goes unseen."

The study is titled, "Developing and comparing a new BMI inclusive energy burn algorithm on wrist-worn wearables."

Other Northwestern authors include lead author Boyang Wei, and Christopher Romano and Bonnie Nolan. This work also was done in collaboration with Mahdi Pedram and Whitney A. Morelli, formerly of Northwestern.

Funding for the study was provided by the National Institute of Diabetes and Digestive and Kidney Diseases (grants K25DK113242-01A1 and R01DK129843-01), the National Science Foundation (grant 1915847), the National Institute of Biomedical Imaging and Bioengineering (grant R21EB030305-01) and the National Institutes of Health's National Center for Advancing Translational Sciences (grant UL1TR001422).
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Self-esteem skyrockets 131% after weight-loss surgery, study reveals | ScienceDaily
Self-esteem scores more than doubled within one year of weight-loss surgery, according to a new study* presented today at the American Society for Metabolic and Bariatric Surgery (ASMBS) 2025 Annual Scientific Meeting.


						
Researchers from Geisinger Medical Center found that after bariatric surgery self-esteem scores rose to 77.5 from 33.6 - a more than 40-point increase. The higher the score on a scale from 0 to 100, the higher the level of self-esteem and quality of life. The amount of weight loss appears to fuel the increase in self-esteem -- scores were highest among those who lost the most weight despite demographics differences including gender, age, and race or type of bariatric procedure.

Researchers used a prospectively maintained database to identify 5,749 patients aged 18 and older with body mass index (BMI) of 35 or more who had metabolic and bariatric surgery between 2006 and 2019. Patients completed the Impact of Weight Quality of Life (iwQOL) survey pre-operatively and 12 months after the operation to assess weight stigma and their quality of life.

"Understanding weight stigma and psychosocial factors associated with obesity is essential to offering holistic care. While these factors should not dictate the decision to have bariatric surgery, they should be an important part of the conversation," said study co-author Justin Dhyani, MD, Geisinger Medical Center in Danville, PA.

Weight stigma is associated with adverse health outcomes including depression, anxiety, disordered eating, and low self-esteem. Among adults with obesity, the prevalence of weight discrimination is 19% to 42%, with higher rates reported among those with higher BMIs and women.

"Weight stigma is a serious issue that places an extra psychological burden on patients struggling with obesity and there is no excuse for it," said Ann M. Rogers, MD, MD, FACS, FASMBS, President, ASMBS, who was not involved in the study. "This study shows we need to understand what patients are going through and be supportive and empowering of them as they navigate their health and make decisions about treatment."
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Scientists warn of bat virus just one mutation from infecting humans | ScienceDaily
A group of bat viruses closely related to the deadly Middle East respiratory syndrome coronavirus (MERS-CoV) could be one small mutation away from being capable of spilling over into human populations and potentially causing the next pandemic.


						
A recent study published in the journal Nature Communicationsexamined an understudied group of coronaviruses known as merbecoviruses -- the same viral subgenus that includes MERS-CoV -- to better understand how they infect host cells. The research team, which included scientists at Washington State University, the California Institute of Technology and the University of North Carolina, found that while most merbecoviruses appear unlikely to pose a direct threat to people, one subgroup known as HKU5 possesses concerning traits.

"Merbecoviruses - and HKU5 viruses in particular - really hadn't been looked at much, but our study shows how these viruses infect cells," said Michael Letko, a virologist at WSU's College of Veterinary Medicine who helped to spearhead the study. "What we also found is HKU5 viruses may be only a small step away from being able to spill over into humans."

During the past two decades, scientists have cataloged the genetic sequences of thousands of viruses in wild animals, but, in most cases, little is known about whether these viruses pose a threat to humans. Letko's lab in WSU's Paul G. Allen School for Global Health focuses on closing that gap and identifying potentially dangerous viruses.

For their most recent study, Letko's team targeted merbecoviruses, which have received limited attention apart from MERS-CoV, a zoonotic coronavirus first noted in 2012 that is transmitted from dromedary camels to humans. It causes severe respiratory disease and has a mortality rate of approximately 34%.

Like other coronaviruses, merbecovirusesrely on a spike protein to bind to receptors and invade host cells. Letko's team used virus-like particles containing only the portion of the spike responsible for binding to receptors and tested their ability to infect cells in the lab. While most merbecoviruses appear unlikely to be able to infect humans, HKU5 viruses - which have been found across Asia, Europe, Africa and the Middle East - were shown to use a host receptor known as ACE2, the same used by the more well-known SARS-CoV-2 virus that causes COVID-19. One small difference: HKU5 viruses, for now, can only use the ACE2 gene in bats, but do not use the human version nearly as well.

Examining HKU5 viruses found in Asia where their natural host is the Japanese house bat (Pipistrellus abramus), the researchers demonstrated some mutations in the spike protein that may allow the viruses to bind to ACE2 receptors in other species, including humans. Researchers on another study that came out earlier this year analyzed one HKU5 virus in China that has already been documented to have jumped into minks, showing there is potential for these viruses to cross species-barriers.




"These viruses are so closely related to MERS, so we have to be concerned if they ever infect humans," Letko said. "While there's no evidence they've crossed into people yet, the potential is there -- and that makes them worth watching."

The team also used artificial intelligence to explore the viruses. WSU postdoctoral researcher Victoria Jefferson used a program called AlphaFold 3 to model how the HKU5 spike protein binds to ACE2 at the molecular level, which could help provide a better understanding of how antibodies might block the infection or how the virus could mutate.

Up until this point, such structural analysis required months of lab work and specialized equipment. With AlphaFold, Jefferson generated accurate predictions in minutes. The results matched those recently documented by a research team that used traditional approaches.

Letko noted the study and its methods could be used for future research projects and aid in the development of new vaccines and treatments.

The research was funded through a research project grant from the National Institutes of Health. Jefferson's work was supported by an NIH T32 training grant.
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        Martian dust to dream homes: How microbes can build on the red planet
        Imagine printing your Martian home from dust, sunlight, and a bit of biology. A new synthetic lichen system uses fungi and bacteria to grow building materials directly from Martian soil, completely autonomously and without human help.

      

      
        Quantum computers just got an upgrade - and it's 10x more efficient
        Chalmers engineers built a pulse-driven qubit amplifier that's ten times more efficient, stays cool, and safeguards quantum states--key for bigger, better quantum machines.

      

      
        Mojave lichen defies death rays--could life thrive on distant exoplanets?
        Lichen from the Mojave Desert has stunned scientists by surviving months of lethal UVC radiation, suggesting life could exist on distant planets orbiting volatile stars. The secret? A microscopic "sunscreen" layer that protects their vital cells--even though Earth's atmosphere already filters out such rays.

      

      
        Your CT scan could reveal a hidden heart risk--and AI just learned how to find it
        What if your old chest scans--taken years ago for something unrelated--held a secret warning about your heart? A new AI tool called AI-CAC, developed by Mass General Brigham and the VA, can now comb through routine CT scans to detect hidden signs of heart disease before symptoms strike.

      

      
        This triple-layer sunlight catalyst supercharges green hydrogen by 800%
        Researchers in Sweden have developed a powerful new material that dramatically boosts the ability to create hydrogen fuel from water using sunlight, making the process eight times more effective than before. This breakthrough could be key to fueling heavy transport like ships and planes with clean, renewable energy.

      

      
        Artificial intelligence isn't hurting workers--It might be helping
        Despite widespread fears, early research suggests AI might actually be improving some aspects of work life. A major new study examining 20 years of worker data in Germany found no signs that AI exposure is hurting job satisfaction or mental health. In fact, there s evidence that it may be subtly improving physical health especially for workers without college degrees by reducing physically demanding tasks. However, researchers caution that it s still early days.

      

      
        Quantum dice: Scientists harness true randomness from entangled photons
        Scientists at NIST and the University of Colorado Boulder have created CURBy, a cutting-edge quantum randomness beacon that draws on the intrinsic unpredictability of quantum entanglement to produce true random numbers. Unlike traditional methods, CURBy is traceable, transparent, and verifiable thanks to quantum physics and blockchain-like protocols. This breakthrough has real-world applications ranging from cybersecurity to public lotteries--and it's open source, inviting the world to use and bui...

      

      
        Affordances in the brain: The human superpower AI hasn't mastered
        Scientists at the University of Amsterdam discovered that our brains automatically understand how we can move through different environments--whether it's swimming in a lake or walking a path--without conscious thought. These "action possibilities," or affordances, light up specific brain regions independently of what's visually present. In contrast, AI models like ChatGPT still struggle with these intuitive judgments, missing the physical context that humans naturally grasp.

      

      
        Rice University breakthrough keeps CO2 electrolyzers running 50x longer
        A Rice University team discovered that bubbling CO2 through a mild acid dramatically improves the lifespan and efficiency of electrochemical devices that convert CO2 into useful fuels. This simple trick prevents salt buildup--a major barrier to commercialization--by altering local chemistry just enough to keep salts dissolved and flowing. The result? A device that ran for over 4,500 hours without clogging, using common catalysts and scalable technology. It's a breakthrough that could make green CO2...

      

      
        What the Universe tried to hide: The 21-centimeter signal explained
        Scientists are peering into the universe's mysterious Cosmic Dawn using the faint whispers of hydrogen radio waves emitted over 13 billion years ago. These signals, particularly the elusive 21-centimeter signal, offer rare insights into the masses and behavior of the universe's first stars--Population III stars--whose light we can't see directly. With projects like REACH and the upcoming Square Kilometre Array (SKA), researchers are unlocking a cosmic treasure map, predicting how early starlight an...

      

      
        Breakthrough magnet design could transform MRI and magnetic levitation
        Two German physicists have reimagined how to create powerful and uniform magnetic fields using compact permanent magnets. By overcoming the limitations of the well-known Halbach array, which works only with infinitely long magnets, they engineered innovative 3D magnet arrangements that work in practical, finite-size setups. Their designs not only boost field strength but also enhance homogeneity, verified through real-world experiments. This game-changing advancement could help bring affordable M...

      

      
        Half of today's jobs could vanish--Here's how smart countries are future-proofing workers
        AI is revolutionizing the job landscape, prompting nations worldwide to prepare their workforces for dramatic changes. A University of Georgia study evaluated 50 countries' national AI strategies and found significant differences in how governments prioritize education and workforce training. While many jobs could disappear in the coming decades, new careers requiring advanced AI skills are emerging. Countries like Germany and Spain are leading with early education and cultural support for AI, bu...

      

      
        Quantum breakthrough: 'Magic states' now easier, faster, and way less noisy
        Quantum computing just got a significant boost thanks to researchers at the University of Osaka, who developed a much more efficient way to create "magic states"--a key component for fault-tolerant quantum computers. By pioneering a low-level, or "level-zero," distillation method, they dramatically reduced the number of qubits and computational resources needed, overcoming one of the biggest obstacles: quantum noise. This innovation could accelerate the arrival of powerful quantum machines capable...

      

      
        Sharpest-ever solar view shows tiny stripes driving big space storms
        A stunning breakthrough in solar physics reveals ultra-fine magnetic structures on the Sun's surface, thanks to the NSF's Inouye Solar Telescope. Researchers captured never-before-seen bright and dark stripes--called striations--within solar granules. These features behave like magnetic curtains rippling across the Sun, reshaping our understanding of magnetic field dynamics at microscopic scales. By achieving a resolution of just 20 kilometers, scientists could match real observations with simulati...

      

      
        Hydrogen fuel at half the cost? Scientists reveal a game-changing catalyst
        Researchers in South Korea have developed a powerful and affordable new material for producing hydrogen, a clean energy source key to fighting climate change. By fine-tuning boron-doping and phosphorus levels in cobalt phosphide nanosheets, the team dramatically boosted the efficiency of both sides of water-splitting reactions. This advancement could unlock scalable, low-cost hydrogen production, transforming how we generate clean fuel.

      

      
        MIT's tiny 5G receiver could make smart devices last longer and work anywhere
        MIT scientists have built a tiny, ultra-efficient 5G receiver that can thrive in noisy wireless environments ideal for smartwatches, wearables, and sensors that need to sip power and still stay reliably connected. The chip s unique design uses clever capacitor-switch networks and barely a milliwatt of power to block interference 30 times better than typical receivers. This tech could shrink and strengthen the next generation of smart devices.

      

      
        Photon-powered alchemy: How light is rewriting fossil fuel chemistry
        Researchers at Colorado State University have developed a new photoredox catalysis system that uses visible light mimicking photosynthesis to drive energy-intensive chemical reactions at room temperature. This groundbreaking process could significantly reduce the energy required in chemical manufacturing, especially in industries reliant on fossil fuels.

      

      
        Scientists create 'universal translator' for quantum tech
        Scientists at UBC have devised a chip-based device that acts as a "universal translator" for quantum computers, converting delicate microwave signals to optical ones and back with minimal loss and noise. This innovation preserves crucial quantum entanglement and works both ways, making it a potential backbone for a future quantum internet. By exploiting engineered flaws in silicon and using superconducting components, the device achieves near-perfect signal translation with extremely low power us...
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Martian dust to dream homes: How microbes can build on the red planet | ScienceDaily
Inhabiting Mars has long been a futuristic fantasy fueled by science fiction. However, successful landings on our neighboring planet over the past half-century have made this seemingly far-fetched idea increasingly plausible.


						
But don't start packing just yet. First, we must figure out how to build structures millions of miles from Earth. Sending rockets carrying massive payloads of construction materials into space isn't practical or affordable. So, how can we use the resources already present on the Red Planet to build your dream home?

Enter Texas A&M University's Dr. Congrui Grace Jin with the possible answer.

Jin and her colleagues from the University of Nebraska-Lincoln have worked for years on bio-manufacturing engineered living materials and have developed a synthetic lichen system that can form building materials with no outside intervention. Their latest study, funded by the NASA Innovative Advanced Concepts program and recently published in the Journal of Manufacturing Science and Engineering, applies this research to the autonomous construction of structures on Mars, using the planet's regolith, which includes dust, sand and rocks.

This advancement has the potential to revolutionize extraterrestrial construction by enabling structures to be built in the most demanding environments with restricted resources.

"We can build a synthetic community by mimicking natural lichens," explains Jin. "We've developed a way to build synthetic lichens to create biomaterials that glue Martian regolith particles into structures. Then, through 3D printing, a wide range of structures can be fabricated, such as buildings, houses and furniture."

Others have researched a variety of methods for bonding Martian regolith particles, including magnesium-based, sulfur-based, and a geopolymer creation. Yet all the methods require significant human assistance and thus are not feasible with the obvious lack of manpower on Mars.




Another approach has been microbe-mediated self-growing technology. Various designs have been developed, such as bacterial biomineralization to bind sand particles into masonry, ureolytic bacteria to promote the production of calcium carbonate to make bricks, and NASA's exploration of the use of fungal mycelium as a bonding agent.

Although microbe-mediated self-growing technology is very promising, the current practices are not completely autonomous because the microbes being used are limited to a single species or strain, thus their survivability requires a continuous supply of nutrients, meaning outside intervention is needed. Again, the lack of manpower on Mars makes this challenging.

To solve this problem, Jin's team has developed a completely autonomous self-growing technology by designing a synthetic community making use of the advantages of multiple species. This system eliminates the need for external nutrient supplies.

The design uses heterotrophic filamentous fungi as bonding material producers because they can promote large amounts of biominerals and survive harsh conditions much better than heterotrophic bacteria. These fungi are paired with photoautotrophic diazotrophic cyanobacteria to create the synthetic lichen system.

How does it work? The diazotrophic cyanobacteria fix carbon dioxide and dinitrogen from the atmosphere and convert them into oxygen and organic nutrients to help the survival and growth of filamentous fungi and increase the concentration of carbonate ions by photosynthetic activities. The filamentous fungi bind metal ions onto fungal cell walls and serve as nucleation sites for biomineral production, as well as enhance the growth of cyanobacteria by providing them water, minerals, and carbon dioxide. Both components secrete biopolymers that enhance the adhesion and cohesion among Martian regolith and precipitated particles to create a consolidated body.

The system grows with only Martian regolith simulant, air, light and an inorganic liquid medium. In other words, no manpower needed.




"The potential of this self-growing technology in enabling long-term extraterrestrial exploration and colonization is significant," states Jin.

The next step of the project, already underway, is the creation of regolith ink to print bio-structures using the 3D printing technique of direct ink writing.

Jin is an assistant professor in the Mechanical and Manufacturing Engineering Technology program in the Department of Engineering Technology and Industrial Distribution at Texas A&M University. Her fellow researchers from the University of Nebraska-Lincoln are Dr. Richard Wilson, Nisha Rokaya and Erin Carr. Read about the team's related research.

Funding for this research is administered by the Texas A&M Engineering Experiment Station (TEES), the official research agency for Texas A&M Engineering.
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Quantum computers just got an upgrade - and it's 10x more efficient | ScienceDaily
Quantum computers can solve extraordinarily complex problems, unlocking new possibilities in fields such as drug development, encryption, AI, and logistics. Now, researchers at Chalmers University of Technology in Sweden have developed a highly efficient amplifier that activates only when reading information from qubits. Thanks to its smart design, it consumes just one-tenth of the power consumed by the best amplifiers available today. This reduces qubit decoherence and lays the foundation for more powerful quantum computers with significantly more qubits and enhanced performance.


						
Bits, which are the building blocks of a conventional computer, can only ever have the value of 1 or 0. By contrast, the common building blocks of a quantum computer, quantum bits or qubits, can exist in states having the value 1 and 0 simultaneously as well as all states in between in any combination. This means that a 20 qubit quantum computer can represent over a million different states simultaneously. This phenomenon, which is called superposition, is one of the key reasons that quantum computers can solve exceptionally complex problems that are beyond the capabilities of today's conventional supercomputers.

Amplifiers are essential - but cause decoherence

To be able to utilize a quantum computer's computational power, qubits must be measured and converted into interpretable information. This process requires extremely sensitive microwave amplifiers to ensure that these weak signals are accurately detected and read. However, reading quantum information is an extremely delicate business - even the slightest temperature fluctuation, noise, or electromagnetic interference can cause qubits to lose their integrity, their quantum state, rendering the information unusable. Because the amplifiers generate output in the form of heat, they also cause decoherence. As a result, researchers in this field are always in pursuit of more efficient qubit amplifiers. Now, Chalmers researchers have taken an important step forward with their new, highly efficient amplifier.

"This is the most sensitive amplifier that can be built today using transistors. We've now managed to reduce its power consumption to just one-tenth of that required by today's best amplifiers - without compromising performance. We hope and believe that this breakthrough will enable more accurate readout of qubits in the future," says Yin Zeng, a doctoral student in terahertz and millimeter wave technology at Chalmers, and the first author of the study published in the journal IEEE Transactions on Microwave Theory and Techniques.

An essential breakthrough in scaling up quantum computers

This advance could be significant in scaling up quantum computers to accommodate significantly more qubits than today. Chalmers has been actively engaged in this field for many years through a national research program, the Wallenberg Centre for Quantum Technology. As the number of qubits increases, so does the computer's computational power and capacity to handle highly complex calculations. However, larger quantum systems also require more amplifiers, leading to greater overall power consumption, which can lead to decoherence of the qubits.




"This study offers a solution in future upscaling of quantum computers where the heat generated by these qubit amplifiers poses a major limiting factor," says Jan Grahn, professor of microwave electronics at Chalmers and Yin Zeng's principal supervisor.

Activated only when needed

Unlike other low-noise amplifiers, the new amplifier developed by the Chalmers researchers is pulse-operated, meaning that it is activated only when needed for qubit amplification rather than being always switched on.

"This is the first demonstration of low-noise semiconductor amplifiers for quantum readout in pulsed operation that does not affect performance and with drastically reduced power consumption compared to the current state of the art," says Jan Grahn.

Since quantum information is transmitted in pulses, one of the key challenges was to ensure that the amplifier was activated rapidly enough to keep pace with the qubit readout. The Chalmers team addressed this by designing a smart amplifier using an algorithm that improves the operation of the amplifier. To validate their approach, they also developed a novel technique for measuring the noise and amplification of a pulse-operated low-noise microwave amplifier.

"We used genetic programming to enable smart control of the amplifier. As a result, it responded much faster to the incoming qubit pulse, in just 35 nanoseconds," says Yin Zeng.




More information about the study:

Read the article Pulsed HEMT LNA Operation for Qubit Readout in IEEE Transactions on Microwave Theory and Techniques.

The article is authored by Yin Zeng and Jan Grahn, both active at the Terahertz and Millimeter Wave Technology Laboratory at the Department of Microtechnology and Nanoscience at Chalmers University of Technology, and by Jorgen Stenarson and Peter Sobis, both active at Low Noise Factory AB.

The amplifier has been developed using the Kollberg Laboratory at Chalmers University of Technology and at Low Noise Factory AB in Gothenburg, Sweden.

The research project is funded by the Chalmers Centre for Wireless Infrastructure Technology (WiTECH) and by the Vinnova program Smarter electronic systems.
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Mojave lichen defies death rays-could life thrive on distant exoplanets? | ScienceDaily
The question of whether Earth is alone in harboring life has captivated humanity for millennia. In recent years, scientists have turned to Earth-like planets in other solar systems that may show the most promise, but many revolve around stars that emit much stronger solar radiation than our own. Now, a new study offers evidence that life as we know it may be able to thrive on those Earth-like exoplanets.


						
Published June 12th in Astrobiology, the new research demonstrated that lichen found in the Mojave Desert survived for 3 months under levels of solar radiation previously considered lethal. The common lichen, Clavascidium lacinulatum, was injured, but able to recover and replicate. The results show that photosynthetic life may be possible on planets exposed to intense solar radiation.

"The study was motivated by a curious observation," said Henry Sun, Associate Research Professor of Microbiology at DRI and one of the lead authors of the study. "I was just walking in the desert and I noticed that the lichens growing there aren't green, they're black. They are photosynthetic and contain chlorophyll, so you would think they'd be green. So I wondered, 'What is the pigment they're wearing?' And that pigment turned out to be the world's best sunscreen."

Life on Earth has evolved to withstand solar radiation known as UVA and UVB rays, which encompass longer wavelengths of ultraviolet radiation. UVC rays represent the shorter, more damaging wavelengths; these are filtered by Earth's atmosphere and therefore do not reach the surface. UVC radiation is so lethal to life, in fact, that it is used to sterilize air, water, and surfaces of microorganisms like viruses and bacteria. Even a brief exposure to UVC radiation will damage an organism's DNA and prevent it from reproducing.

Scientists have wondered, then, whether many of the Earth-like planets discovered in recent years could possibly harbor life. Many of these planets revolve around stars known as M and F stars that emit intense UVC radiation, especially during solar flares.

"After the launch of the James Webb Space Telescope, which can see extremely far into space, the excitement shifted from finding life on Mars to these exoplanets," Sun said. "We're talking about planets that have liquid water and an atmosphere."

Sun and his graduate student at the time, Tejinder Singh, collected the lichen from the Mojave Desert near their homes in Las Vegas. They then placed it next to a UVC lamp in a controlled laboratory setting for 3 months straight. Remarkably, half of the algal cells in the lichen remained viable and replicated when rehydrated.




"In order for a microorganism to persist on a planet, it has to last longer than a day," Sun said. "So, our experiment had to be long enough to be ecologically significant. We also wanted to go beyond just activity and demonstrate viability."

To explore how this was chemically possible, Sun teamed up with chemists from the University of Nevada, Reno. They conducted two experiments that demonstrated how lichen acids are the natural world's equivalent of the additives used to make plastics UV-resistant.

They investigated the lichen's protective layer by cutting a cross-section of it and found that the top layer was darker, like a human's suntan. Lichen is composed of algae or cyanobacteria living symbiotically with fungi; when the algal cells were separated from the fungi and protective layer, exposure to the same UVC radiation killed the cells in less than a minute.

The discovery that lichen has evolved this protective layer to UVC radiation was surprising, Sun said, because it isn't necessary for their survival. Earth's atmosphere was already filtering out UVC rays by the time lichen appeared, so the protection is a mere bonus thanks to their remarkable UVA and UVB protection.

Some of the damage that occurs from exposure to intense solar radiation is the result of chemical reactions with the atmosphere, particularly the production of ozone when oxygen, nitric oxide, and UV radiation interact. To test the lichen's protection under different atmospheric conditions, the researchers placed it in an oxygen-free box with the UVC light and found that the radiation damage was further reduced.

"We came to the conclusion that the lichen's top layer - a less than millimeter thick skin, if you will - assures that all the cells below are protected from radiation. This layer acts as a photo stabilizer and even protects the cells from harmful chemical reactions caused by the radiation, including reactive oxygen."

The study offers evidence that planets beyond Earth, and beyond our solar system, may be inhabitable. In fact, "they may be teeming with colonial microorganisms that, like the lichens in the Mojave Desert, are 'tanned' and virtually immune to UVC stress," the researchers write.

"This work reveals the extraordinary tenacity of life even under the harshest conditions, a reminder that life, once sparked, strives to endure," said Tejinder Singh, who led the study with Sun and is now at NASA Goddard Space Flight Center. "In exploring these limits, we inch closer to understanding where life might be possible beyond this planet we call home."

Study authors include: Tejinder Singh (DRI), Christos Georgiou (U. of Patras), Christopher Jeffrey (UNR), Matthew J. Tucker (UNR), Casey S. Philbin (UNR), Tanzil Mahmud (UNR), Christopher P. McKay (NASA Ames), and Henry J. Sun (DRI)
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Your CT scan could reveal a hidden heart risk-and AI just learned how to find it | ScienceDaily
Mass General Brigham researchers have developed a new AI tool in collaboration with the United States Department of Veterans Affairs (VA) to probe through previously collected CT scans and identify individuals with high coronary artery calcium (CAC) levels that place them at a greater risk for cardiovascular events. Their research, published in NEJM AI, showed the tool called AI-CAC had high accuracy and predictive value for future heart attacks and 10-year mortality. Their findings suggest that implementing such a tool widely may help clinicians assess their patients' cardiovascular risk.


						
"Millions of chest CT scans are taken each year, often in healthy people, for example to screen for lung cancer. Our study shows that important information about cardiovascular risk is going unnoticed in these scans," said senior author Hugo Aerts, PhD, director of the Artificial Intelligence in Medicine (AIM) Program at Mass General Brigham. "Our study shows that AI has the potential to change how clinicians practice medicine and enable physicians to engage with patients earlier, before their heart disease advances to a cardiac event."

Chest CT scans can detect calcium deposits in the heart and arteries that increase the risk of a heart attack. The gold standard for quantifying CAC uses "gated" CT scans, that synchronize to the heartbeat to reduce motion during the scan. But most chest CT scans obtained for routine clinical purposes are "nongated."

The researchers recognized that CAC could still be detected on these nongated scans, which led them to develop AI-CAC, a deep learning algorithm to probe through the nongated scans and quantify CAC to help predict the risk of cardiovascular events. They trained the model on chest CT scans collected as part of the usual care of veterans across 98 VA medical centers and then tested AI-CAC's performance on 8,052 CT scans to simulate CAC screening in routine imaging tests.

The researchers found the AI-CAC model was 89.4% accurate at determining whether a scan contained CAC or not. For those with CAC present, the model was 87.3% accurate at determining whether the score was higher or lower than 100, indicating a moderate cardiovascular risk. AI-CAC was also predictive of 10-year all-cause mortality -- those with a CAC score of over 400 had a 3.49 times higher risk of death over a 10-year period than patients with a score of zero. Of the patients the model identified as having very high CAC scores (greater than 400), four cardiologists verified that almost all of them (99.2%) would benefit from lipid lowering therapy.

"At present, VA imaging systems contain millions of nongated chest CT scans that may have been taken for another purpose, around 50,000 gated studies. This presents an opportunity for AI-CAC to leverage routinely collected nongated scans for purposes of cardiovascular risk evaluation and to enhance care," said first author Raffi Hagopian, MD, a cardiologist and researcher in the Applied Innovations and Medical Informatics group at the VA Long Beach Healthcare System. "Using AI for tasks like CAC detection can help shift medicine from a reactive approach to the proactive prevention of disease, reducing long-term morbidity, mortality and healthcare costs."

Limitations to the study include the fact that the algorithm was developed on an exclusively veteran population. The team hopes to conduct future studies in the general population and test whether the tool can assess the impact of lipid-lowering medications on CAC scores.

Authorship: In addition to Aerts, Mass General Brigham authors include Simon Bernatz, and Leonard Nurnberg. Additional authors include Raffi Hagopian, Timothy Strebel, Gregory A. Myers, Erik Offerman, Eric Zuniga, Cy Y. Kim, Angie T. Ng, James A. Iwaz, Sunny P. Singh, Evan P. Carey, Michael J. Kim, R. Spencer Schaefer, Jeannie Yu, and Amilcare Gentili.

Funding: This work was funded by the Veterans Affairs health care system.
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This triple-layer sunlight catalyst supercharges green hydrogen by 800% | ScienceDaily
The chemical reaction to produce hydrogen from water is several times more effective when using a combination of new materials in three layers, according to researchers at Linkoping University in Sweden. Hydrogen produced from water is a promising renewable energy source - especially if the hydrogen is produced using sunlight.


						
The production of new petrol and diesel cars will be banned in the EU as of 2035. Electric motors are expected to become increasingly common in vehicles - but they are not suitable for all types of transport.

"Passenger cars can have a battery, but heavy trucks, ships or aircraft cannot use a battery to store the energy. For these means of transport, we need to find clean and renewable energy sources, and hydrogen is a good candidate," says Jianwu Sun, associate professor at Linkoping University, who has led the study published in the Journal of the American Chemical Society.

The LiU researchers are working on developing materials that can be used to produce hydrogen (H2) from water (H2O) by using the energy in sunlight.

The research team has previously shown that a material called cubic silicon carbide (3C-SiC) has beneficial properties for facilitating the reaction where water is split into hydrogen and oxygen. The material can effectively capture the sunlight so that the energy therein can be used for hydrogen production through the photochemical water splitting reaction.

In their current study, the researchers have further developed a new combined material. The new material consists of three layers: a layer of cubic silicon carbide, a layer of cobalt oxide and a catalyst material that helps to split water.

"It's a very complicated structure, so our focus in this study has been to understand the function of each layer and how it helps improve the properties of the material. The new material has eight times better performance than pure cubic silicon carbide for splitting water into hydrogen," says Jianwu Sun.




When sunlight hits the material, electric charges are generated, which are then used to split water. A challenge in the development of materials for this application is to prevent the positive and negative charges from merging again and neutralising each other. In their study, the researchers show that by combining a layer of cubic silicon carbide with the other two layers, the material, known as Ni(OH)2/Co3O4/3C-SiC, becomes more able to separate the charges, thereby making the splitting of water more effective.

Today, there is a distinction between "grey" and "green" hydrogen. Almost all hydrogen present on the market is "grey" hydrogen produced from a fossil fuel called natural gas or fossil gas. The production of one tonne of "grey" hydrogen gas causes emission of up to ten tonnes of carbon dioxide, which contributes to the greenhouse effect and climate change. "Green" hydrogen is produced using renewable electricity as a source of energy.

The long-term goal of the LiU researchers is to be able to use only energy from the sun to drive the photochemical reaction to produce "green" hydrogen. Most materials under development today have an efficiency of between 1 and 3 per cent, but for commercialisation of this green hydrogen technology the target is 10 per cent efficiency. Being able to fully drive the reaction using solar energy would lower the cost of producing "green" hydrogen, compared to producing it using supplementary renewable electricity as is done with the technology used today. Jianwu Sun speculates that it may take around five to ten years for the research team to develop materials that reach the coveted 10 per cent limit.

The research has been funded with support from, among others, the Swedish Foundation for International Cooperation in Research and Higher Education (STINT), the Olle Engkvists Stiftelse, the AForsk Foundation, the Carl Tryggers Stiftelse and through the Swedish Government Strategic Research Area in Advanced Functional Materials (AFM) at Linkoping University.
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Artificial intelligence isn't hurting workers-It might be helping | ScienceDaily
As artificial intelligence reshapes workplaces worldwide, a new study provides early evidence suggesting AI exposure has not, thus far, caused widespread harm to workers' mental health or job satisfaction. In fact, the data reveals that AI may even be linked to modest improvements in worker physical health, particularly among employees with less than a college degree.


						
But the authors caution: It is way too soon to draw definitive conclusions.

The paper, "Artificial Intelligence and the Wellbeing of Workers," published June 23 in Nature: Scientific Reports, uses two decades of longitudinal data from the German Socio-Economic Panel. Using that rich data, the researchers -- Osea Giuntella of the University of Pittsburgh and the National Bureau of Economic Research (NBER), Luca Stella of the University of Milan and the Berlin School of Economics, and Johannes King of the German Ministry of Finance -- explored how workers in AI-exposed occupations have fared in contrast to workers in less-exposed roles.

"Public anxiety about AI is real, but the worst-case scenarios are not inevitable," said Professor Stella, who is also affiliated with independent European bodies the Center for Economic Studies (CESifo) and the Institute for Labor Economics (IZA). "So far, we find little evidence that AI adoption has undermined workers' well-being on average. If anything, physical health seems to have slightly improved, likely due to declining job physical intensity and overall job risk in some of the AI-exposed occupations."

Yet the study also highlights reasons for caution.

The analysis relies primarily on a task-based measure of AI exposure -- considered more objective -- but alternative estimates based on self-reported exposure reveal small negative effects on job and life satisfaction. In addition, the sample excludes younger workers and only covers the early phases of AI diffusion in Germany.

"We may simply be too early in the AI adoption curve to observe its full effects," Stella emphasized. "AI's impact could evolve dramatically as technologies advance, penetrate more sectors, and alter work at a deeper level."

Key findings from the study include:
    	No significant average effects of AI exposure on job satisfaction, life satisfaction, or mental health.
    	Small improvements in self-rated physical health and health satisfaction, especially among lower-educated workers.
    	Evidence of reduced physical job intensity, suggesting that AI may alleviate physically demanding tasks.
    	A modest decline in weekly working hours, without significant changes in income or employment rates.
    	Self-reported AI exposure suggests small but negative effects on subjective well-being, reinforcing the need for more granular future research.

Due to the data supply, the study focuses on Germany -- a country with strong labor protections and a gradual pace of AI adoption. The co-authors noted that outcomes may differ in more flexible labor markets or among younger cohorts entering increasingly AI-saturated workplaces.

"This research is an early snapshot, not the final word," said Pitt's Giuntella, who previously conducted significant research into the effect of robotics on households and labor, and on types of workers. "As AI adoption accelerates, continued monitoring of its broader impacts on work and health is essential. Technology alone doesn't determine outcomes -- institutions and policies will decide whether AI enhances or erodes the conditions of work."
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Quantum dice: Scientists harness true randomness from entangled photons | ScienceDaily
Randomness is incredibly useful. People often draw straws, throw dice or flip coins to make fair choices. Random numbers can enable auditors to make completely unbiased selections. Randomness is also key in security; if a password or code is an unguessable string of numbers, it's harder to crack. Many of our cryptographic systems today use random number generators to produce secure keys.


						
But how do you know that a random number is truly random? Classical computer algorithms can only create pseudo-random numbers, and someone with enough knowledge of the algorithm or the system could manipulate it or predict the next number. An expert in sleight of hand could rig a coin flip to guarantee a heads or tails result. Even the most careful coin flips can have bias; with enough study, their outcomes could be predicted.

"True randomness is something that nothing in the universe can predict in advance," said Krister Shalm, a physicist at the National Institute of Standards and Technology (NIST). Even if a random number generator used seemingly random processes in nature, it would be hard to verify that those numbers are truly random, Shalm added.

Einstein believed that nature isn't random, famously saying, "God does not play dice with the universe." Scientists have since proved that Einstein was wrong. Unlike dice or computer algorithms, quantum mechanics is inherently random. Carrying out a quantum experiment called a Bell test, Shalm and his team have transformed this source of true quantum randomness into a traceable and certifiable random-number service.

"If God does play dice with the universe, then you can turn that into the best random number generator that the universe allows," Shalm said. "We really wanted to take that experiment out of the lab and turn it into a useful public service."

To make that happen, NIST researchers and their colleagues at the University of Colorado Boulder created the Colorado University Randomness Beacon (CURBy). CURBy produces random numbers automatically and broadcasts them daily through a website for anyone to use.

At the heart of this service is the NIST-run Bell test, which provides truly random results. This randomness acts as a kind of raw material that the rest of the researchers' setup "refines" into random numbers published by the beacon.




The Bell test measures pairs of "entangled" photons whose properties are correlated even when separated by vast distances. When researchers measure an individual particle, the outcome is random, but the properties of the pair are more correlated than classical physics allows, enabling researchers to verify the randomness. Einstein called this quantum nonlocality "spooky action at a distance."

This is the first random number generator service to use quantum nonlocality as a source of its numbers, and the most transparent source of random numbers to date. That's because the results are certifiable and traceable to a greater extent than ever before.

"CURBy is one of the first publicly available services that operates with a provable quantum advantage. That's a big milestone for us," Shalm explained. "The quality and origin of these random bits can be directly certified in a way that conventional random number generators are unable to."

NIST performed one of the first complete experimental Bell tests in 2015, which firmly established that quantum mechanics is truly random. In 2018, NIST pioneered methods to use these Bell tests to build the world's first sources of true randomness.

However, turning these quantum correlations into random numbers is hard work. NIST's first breakthrough demonstrations of the Bell test required months of setup to run for a few hours, and it took a great deal of time to collect enough data to generate 512 bits of true randomness. Shalm and the team spent the past few years building the experiment to be robust and to run automatically so it can provide random numbers on demand. In its first 40 days of operation, the protocol produced random numbers 7,434 times out of 7,454 attempts, a 99.7% success rate.

The process starts by generating a pair of entangled photons inside a special nonlinear crystal. The photons travel via optical fiber to separate labs at opposite ends of the hall. Once the photons reach the labs, their polarizations are measured. The outcomes of these measurements are truly random. This process is repeated 250,000 times per second.




NIST passes millions of these quantum coin flips to a computer program at the University of Colorado Boulder. Special processing steps and strict protocols are used to turn the outcomes of the quantum measurements on entangled photons into 512 random bits of binary code (0s and 1s). The result is a set of random bits that no one, not even Einstein, could have predicted. In some sense, this system acts as the universe's best coin flip.

NIST and its collaborators added the ability to trace and verify every step in the randomness generation process. They developed the Twine protocol, a novel set of quantum-compatible blockchain technologies that enable multiple different entities to work together to generate and certify the randomness from the Bell test. The Twine protocol marks each set of data for the beacon with a hash. Hashes are used in blockchain technology to mark sets of data with a digital fingerprint, allowing each block of data to be identified and scrutinized.

The Twine protocol allows any user to verify the data behind each random number, explained Jasper Palfree, a research assistant on the project at the University of Colorado Boulder. The protocol can expand to let other random number beacons join the hash graph, creating a network of randomness that everyone contributes to but no individual controls.

Intertwining these hash chains acts as a timestamp, linking the data for the beacon together into a traceable data structure. It also provides security, allowing Twine protocol participants to immediately spot manipulation of the data.

"The Twine protocol lets us weave together all these other beacons into a tapestry of trust," Palfree added.

Turning a complex quantum physics problem into a public service is exactly why this work appealed to Gautam Kavuri, a graduate student on the project. The whole process is open source and available to the public, allowing anyone to not only check their work, but even build on the beacon to create their own random number generator.

CURBy can be used anywhere an independent, public source of random numbers would be useful, such as selecting jury candidates, making a random selection for an audit, or assigning resources through a public lottery.

"I wanted to build something that is useful. It's this cool thing that is the cutting edge of fundamental science," Kavuri added. "NIST is a place where you have that freedom to pursue projects that are ambitious but also will give you something useful."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250622225927.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Affordances in the brain: The human superpower AI hasn't mastered | ScienceDaily
How do you intuitively know that you can walk on a footpath and swim in a lake? Researchers from the University of Amsterdam have discovered unique brain activations that reflect how we can move our bodies through an environment. The study not only sheds new light on how the human brain works, but also shows where artificial intelligence is lagging behind. According to the researchers, AI could become more sustainable and human-friendly if it incorporated this knowledge about the human brain.


						
When we see a picture of an unfamiliar environment -- a mountain path, a busy street, or a river -- we immediately know how we could move around in it: walk, cycle, swim or not go any further. That sounds simple, but how does your brain actually determine these action opportunities?

PhD student Clemens Bartnik and a team of co-authors show how we make estimates of possible actions thanks to unique brain patterns. The team, led by computational neuroscientist Iris Groen, also compared this human ability with a large number of AI models, including ChatGPT. "AI models turned out to be less good at this and still have a lot to learn from the efficient human brain," Groen concludes.

Viewing images in the MRI scanner

Using an MRI scanner, the team investigated what happens in the brain when people look at various photos of indoor and outdoor environments. The participants used a button to indicate whether the image invited them to walk, cycle, drive, swim, boat or climb. At the same time, their brain activity was measured.

"We wanted to know: when you look at a scene, do you mainly see what is there -- such as objects or colors -- or do you also automatically see what you can do with it," says Groen. "Psychologists call the latter "affordances" -- opportunities for action; imagine a staircase that you can climb, or an open field that you can run through."

Unique processes in the brain

The team discovered that certain areas in the visual cortex become active in a way that cannot be explained by visible objects in the image. "What we saw was unique," says Groen. "These brain areas not only represent what can be seen, but also what you can do with it." The brain did this even when participants were not given an explicit action instruction. 'These action possibilities are therefore processed automatically," says Groen. "Even if you do not consciously think about what you can do in an environment, your brain still registers it."




The research thus demonstrates for the first time that affordances are not only a psychological concept, but also a measurable property of our brains.

What AI doesn't understand yet

The team also compared how well AI algorithms -- such as image recognition models or GPT-4 -- can estimate what you can do in a given environment. They were worse at predicting possible actions. "When trained specifically for action recognition, they could somewhat approximate human judgments, but the human brain patterns didn't match the models' internal calculations," Groen explains.

"Even the best AI models don't give exactly the same answers as humans, even though it's such a simple task for us," Groen says. "This shows that our way of seeing is deeply intertwined with how we interact with the world. We connect our perception to our experience in a physical world. AI models can't do that because they only exist in a computer."

AI can still learn from the human brain

The research thus touches on larger questions about the development of reliable and efficient AI. "As more sectors -- from healthcare to robotics -- use AI, it is becoming important that machines not only recognize what something is, but also understand what it can do," Groen explains. "For example, a robot that has to find its way in a disaster area, or a self-driving car that can tell apart a bike path from a driveway."

Groen also points out the sustainable aspect of AI. "Current AI training methods use a huge amount of energy and are often only accessible to large tech companies. More knowledge about how our brain works, and how the human brain processes certain information very quickly and efficiently, can help make AI smarter, more economical and more human-friendly."
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Rice University breakthrough keeps CO2 electrolyzers running 50x longer | ScienceDaily
A team of researchers at Rice University have discovered a surprisingly simple method for vastly improving the stability of electrochemical devices that convert carbon dioxide into useful fuels and chemicals, and it involves nothing more than sending the CO2 through an acid bubbler.


						
Their study, published in Science, addresses a major bottleneck in the performance and stability of CO2 reduction systems: the buildup of salt that clogs gas flow channels, reduces efficiency and causes the devices to fail prematurely. Using a technique they call acid-humidified CO2, the researchers extended the operational life of a CO2 reduction system more than 50-fold, demonstrating more than 4,500 hours of stable operation in a scaled-up reactor -- a milestone for the field.

Electrochemical CO2 reduction, or CO2RR, is an emerging green technology that uses electricity, ideally from renewable sources, to transform climate-warming CO2 into valuable products like carbon monoxide, ethylene or alcohols. These products can be further refined into fuels or used in industrial processes, potentially turning a major pollutant into a feedstock.

However, practical implementation has been hindered by poor system stability. One persistent issue is the accumulation of potassium bicarbonate salts in the gas flow channels, which occurs when potassium ions migrate from the anolyte across the anion exchange membrane to the cathode reaction zone and combine with CO2 under high pH conditions.

"Salt precipitation blocks CO2 transport and floods the gas diffusion electrode, which leads to performance failure," said Haotian Wang , the corresponding author of the study and associate professor of chemical and biomolecular engineering, materials science and nanoengineering and chemistry at Rice. "This typically happens within a few hundred hours, which is far from commercial viability."

To combat this, the Rice team tried an elegant twist on a standard procedure. Instead of using water to humidify the CO2 gas input into the reactor, they bubbled the gas through an acid solution such as hydrochloric, formic or acetic acid.

The vapor from the acid is carried into the cathode reaction chamber in trace amounts, just enough to alter the local chemistry. Because the salts formed with these acids are much more soluble than potassium bicarbonate, they don't crystallize and block the channels.




The effect was dramatic. In tests using a silver catalyst -- a common benchmark for converting CO2 to carbon monoxide -- the system operated stably for over 2,000 hours in a lab-scale device and more than 4,500 hours in a 100-square-centimeter, scaled-up electrolyzer. In contrast, systems using standard water-humidified CO2 failed after about 80 hours because of salt buildup.

Importantly, the acid-humidified method proved effective across multiple catalyst types, including zinc oxide, copper oxide and bismuth oxide, all of which are used to target different CO2RR products. The researchers also demonstrated that the method could be scaled without compromising performance with large-scale devices maintaining energy efficiency and avoiding salt blockage over extended periods.

They observed minimal corrosion or damage to the anion exchange membranes that are typically sensitive to chloride by keeping the acid concentrations low. The approach was also shown to be compatible with commonly used membranes and materials, reinforcing its potential for integration into existing systems.

To observe salt formation in real time, the team used custom-built reactors with transparent flow plates. Under conventional water humidification, salt crystals began forming within 48 hours. With acid-humidified CO2, however, no significant crystal accumulation was observed even after hundreds of hours, and any small deposits were eventually dissolved and carried out of the system.

"Using the traditional method of water-humidified CO2 could lead to salt formation in the cathode gas flow channels," said co-first author Shaoyun Hao, postdoctoral research associate in chemical and biomolecular engineering at Rice. "We hypothesized -- and confirmed -- that acid vapor could dissolve the salt and convert the low solubility KHCO3 into salt with higher solubility, thus shifting the solubility balance just enough to avoid clogging without affecting catalyst performance."

The work opens the door to more durable, scalable CO2 electrolyzers, a critical need if the technology is to be deployed at industrial scales as part of carbon capture and utilization strategies. The simplicity of the approach, involving only small tweaks to existing humidification setups, means it can be adopted without significant redesigns or added costs.

"This is a major finding for CO2 electrolysis," said Ahmad Elgazzar, co-first author and graduate student in chemical and biomolecular engineering at Rice. "Our method addresses a long-standing obstacle with a low-cost, easily implementable solution. It's a step toward making carbon utilization technologies more commercially viable and more sustainable."

This work was supported by the Robert A. Welch Foundation, Rice, the National Science Foundation and the David and Lucile Packard Foundation.
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What the Universe tried to hide: The 21-centimeter signal explained | ScienceDaily
Understanding how the universe transitioned from darkness to light with the formation of the first stars and galaxies is a key turning point in the universe's development, known as the Cosmic Dawn. However, even with the most powerful telescopes, we can't directly observe these earliest stars, so determining their properties is one of the biggest challenges in astronomy.


						
Now, an international group of astronomers led by the University of Cambridge have shown that we will be able to learn about the masses of the earliest stars by studying a specific radio signal - created by hydrogen atoms filling the gaps between star-forming regions - originating just a hundred million years after the Big Bang.

By studying how the first stars and their remnants affected this signal, called the 21-centimeter signal, the researchers have shown that future radio telescopes will help us understand the very early universe, and how it transformed from a nearly homogeneous mass of mostly hydrogen to the incredible complexity we see today. Their results are reported in the journal Nature Astronomy.

"This is a unique opportunity to learn how the universe's first light emerged from the darkness," said co-author Professor Anastasia Fialkov from Cambridge's Institute of Astronomy. "The transition from a cold, dark universe to one filled with stars is a story we're only beginning to understand."

The study of the universe's most ancient stars hinges on the faint glow of the 21-centimetre signal, a subtle energy signal from over 13 billion years ago. This signal, influenced by the radiation from early stars and black holes, provides a rare window into the universe's infancy.

Fialkov leads the theory group of REACH (the Radio Experiment for the Analysis of Cosmic Hydrogen). REACH is a radio antenna and is one of two major projects that could help us learn about the Cosmic Dawn and the Epoch of Reionisation, when the first stars reionised neutral hydrogen atoms in the universe.

Although REACH, which captures radio signals, is still in its calibration stage, it promises to reveal data about the early universe. Meanwhile, the Square Kilometre Array (SKA) -- a massive array of antennas under construction -- will map fluctuations in cosmic signals across vast regions of the sky.




Both projects are vital in probing the masses, luminosities, and distribution of the universe's earliest stars. In the current study, Fialkov - who is also a member of the SKA - and her collaborators developed a model that makes predictions for the 21-centimeter signal for both REACH and SKA, and found that the signal is sensitive to the masses of first stars.

"We are the first group to consistently model the dependence of the 21-centimeter signal of the masses of the first stars, including the impact of ultraviolet starlight and X-ray emissions from X-ray binaries produced when the first stars die," said Fialkov, who is also a member of Cambridge's Kavli Institute for Cosmology. "These insights are derived from simulations that integrate the primordial conditions of the universe, such as the hydrogen-helium composition produced by the Big Bang."

In developing their theoretical model, the researchers studied how the 21-centimeter signal reacts to the mass distribution of the first stars, known as Population III stars. They found that previous studies have underestimated this connection as they did not account for the number and brightness of X-ray binaries - binary systems made of a normal star and a collapsed star - among Population III stars, and how they affect the 21-centimeter signal.

Unlike optical telescopes like the James Webb Space Telescope, which capture vivid images, radio astronomy relies on statistical analysis of faint signals. REACH and SKA will not be able to image individual stars, but will instead provide information about entire populations of stars, X-ray binary systems and galaxies.

"It takes a bit of imagination to connect radio data to the story of the first stars, but the implications are profound," said Fialkov.

"The predictions we are reporting have huge implications for our understanding of the nature of the very first stars in the Universe," said co-author Dr Eloy de Lera Acedo, Principal Investigator of the REACH telescope and PI at Cambridge of the SKA development activities. "We show evidence that our radio telescopes can tell us details about the mass of those first stars and how these early lights may have been very different from today's stars.

"Radio telescopes like REACH are promising to unlock the mysteries of the infant Universe, and these predictions are essential to guide the radio observations we are doing from the Karoo, in South Africa."

The research was supported in part by the Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI). Anastasia Fialkov is a Fellow of Magdalene College, Cambridge. Eloy de Lera Acedo is an STFC Ernest Rutherford Fellow and a Fellow of Selwyn College, Cambridge.
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Breakthrough magnet design could transform MRI and magnetic levitation | ScienceDaily
Physicists Prof. Dr. Ingo Rehberg from the University of Bayreuth and Dr. Peter Blumler from Johannes Gutenberg University Mainz have developed and experimentally validated an innovative approach for generating homogeneous magnetic fields using permanent magnets. Their method outperforms the classical Halbach arrangement -- which is optimal only for infinitely long and therefore unrealizable magnets -- by producing higher field strengths and improved homogeneity in compact, finite-sized configurations. The study was published in the renowned interdisciplinary journal Physical Review Applied, which shows significant advances in the applied sciences at the intersection of physics with engineering, materials science, chemistry, biology, and medicine.


						
A New Approach to Magnetic Field Homogenization

Homogeneous magnetic fields can be generated over relatively large spatial regions through the targeted arrangement of permanent magnets. A well-known example of an effective design is the so-called Halbach array. However, this approach is based on the idealized assumption that very long -- ideally infinitely long -- magnets (line dipoles) can be arranged in a circle in such a way that the individual contributions superimpose to produce a homogeneous magnetic field in the center region. In practical applications, using magnets of finite length, the resulting field deviates significantly from this ideal: the field strength inside the circle varies considerably depending on the position. The classical Halbach geometry is therefore clearly suboptimal for compact, practically implementable magnet arrangements when the aim is to achieve the strongest and/or most uniform magnetic field possible.

In their work, Peter Blumler and Ingo Rehberg present optimal three-dimensional arrangements of very compact magnets, idealized by point dipoles. With a view to possible applications, they investigated, among other things, the optimal orientation of the magnets for two geometries relevant to practical use: a single ring and a stacked double ring. A so-called "focused" design additionally allows the generation of homogeneous fields outside the magnet plane, for example in an object positioned above the magnets.

For these new arrangements, Rehberg and Blumler developed analytical formulas, which they subsequently validated experimentally. To this end, they constructed magnet arrays from 16 FeNdB cuboids mounted on 3D-printed supports. The resulting magnetic fields were measured and compared with theoretical predictions, revealing excellent agreement. In terms of both magnetic field strength and homogeneity, the new configurations clearly outperform the classical Halbach arrangement as well as its modifications described in the literature.

Potential for Numerous Applications

The new design concepts offer great potential for applications in which strong and homogeneous magnetic fields are required. In conventional magnetic resonance imaging (MRI), for example, powerful superconducting magnets are used to polarize hydrogen nuclei in tissue. These nuclei are then excited by radio waves, generating measurable voltages in detectors surrounding the body. Algorithms use these signals to calculate detailed cross-sectional images that allow physicians to distinguish tissue types based on properties such as density, water or fat content and diffusion. However, superconducting magnets are technically complex and extremely costly, making this technology hardly available in many parts of the world. For such cases, intensive research is underway to develop alternative methods for generating homogeneous magnetic fields using permanent magnets -- a field to which the present study makes a promising contribution. Further potential areas of application include particle accelerators and magnetic levitation systems.
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Half of today's jobs could vanish-Here's how smart countries are future-proofing workers | ScienceDaily
Artificial intelligence is spreading into many aspects of life, from communications and advertising to grading tests. But with the growth of AI comes a shake-up in the workplace.


						
New research from the University of Georgia is shedding light on how different countries are preparing for how AI will impact their workforces.

According to previous research, almost half of today's jobs could vanish over the next 20 years. But it's not all doom and gloom.

Researchers also estimate that 65% of current elementary school students will have jobs in the future that don't exist now. Most of these new careers will require advanced AI skills and knowledge.

"Human soft skills, such as creativity, collaboration and communication cannot be replaced by AI." -- Lehong Shi, College of Education

To tackle these challenges, governments around the world are taking steps to help their citizens gain the skills they'll need. The present study examined 50 countries' national AI strategies, focusing on policies for education and the workforce.

Learning what other countries are doing could help the U.S. improve its own plans for workforce preparation in the era of AI, the researcher said.




"AI skills and competencies are very important," said Lehong Shi, author of the study and an assistant research scientist at UGA's Mary Frances Early College of Education. "If you want to be competitive in other areas, it's very important to prepare employees to work with AI in the future."

Some countries put larger focus on training, education

Shi used six indicators to evaluate each country's prioritization on AI workforce training and education: the plan's objective, how goals will be reached, examples of projects, how success will be measured, how projects will be supported and the timelines for each project.

Each nation was classified as giving high, medium or low priority to prepare an AI competent workforce depending on how each aspect of their plan was detailed.

Of the countries studied, only 13 gave high prioritization to training the current workforce and improving AI education in schools. Eleven of those were European countries, with Mexico and Australia being the two exceptions. This may be because European nations tend to have more resources for training and cultures of lifelong learning, the researcher said.

The United States was one of 23 countries that considered workforce training and AI education a medium priority, with a less detailed plan compared to countries that saw them as a high priority.




Different countries prioritize different issues when it comes to AI preparation

Some common themes emerged between countries, even when their approaches to AI differed. For example, almost every nation aimed to establish or improve AI-focused programs in universities. Some also aimed to improve AI education for K-12 students.

On-the-job training was also a priority for more than half the countries, with some offering industry-specific training programs or internships. However, few focused on vulnerable populations such as the elderly or unemployed through programs to teach them basic AI skills.

Shi stressed that just because a country gives less prioritization to education and workforce preparation doesn't mean AI isn't on its radar. Some Asian countries, for example, put more effort into improving national security and health care rather than education.

Cultivating interest in AI could help students prepare for careers

Some countries took a lifelong approach to developing these specialized skills. Germany, for instance, emphasized creating a culture that encourages interest in AI. Spain started teaching kids AI-related skills as early as preschool.

Of the many actions governments took, Shi noted one area that needs more emphasis when preparing future AI-empowered workplaces. "Human soft skills, such as creativity, collaboration and communication cannot be replaced by AI," Shi said. "And they were only mentioned by a few countries."

Developing these sorts of "soft skills" is key to making sure students and employees continue to have a place in the workforce.

This study was published in Human Resource Development Review.
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Quantum breakthrough: 'Magic states' now easier, faster, and way less noisy | ScienceDaily
For decades, quantum computers that perform calculations millions of times faster than conventional computers have remained a tantalizing yet distant goal. However, a new breakthrough in quantum physics may have just sped up the timeline.
In an article published in PRX Quantum, researchers from the Graduate School of Engineering Science and the Center for Quantum Information and Quantum Biology at The University of Osaka devised a method that can be used to prepare high-fidelity "magic states" for use in quantum computers with dramatically less overhead and unprecedented accuracy.
Quantum computers harness the fantastic properties of quantum mechanics such as entanglement and superposition to perform calculations much more efficiently than classical computers can. Such machines could catalyze innovations in fields as diverse as engineering, finance, and biotechnology. But before this can happen, there is a significant obstacle that must be overcome.
"Quantum systems have always been extremely susceptible to noise," says lead researcher Tomohiro Itogawa. "Even the slightest perturbation in temperature or a single wayward photon from an external source can easily ruin a quantum computer setup, making it useless. Noise is absolutely the number one enemy of quantum computers."
Thus, scientists have become very interested in building so-called fault-tolerant quantum computers, which are robust enough to continue computing accurately even when subject to noise. Magic state distillation, in which a single high-fidelity quantum state is prepared from many noisy ones, is a popular method for creating such systems. But there is a catch.
"The distillation of magic states is traditionally a very computationally expensive process because it requires many qubits," explains Keisuke Fujii, senior author. "We wanted to explore if there was any way of expediting the preparation of the high-fidelity states necessary for quantum computation."
Following this line of inquiry, the team was inspired to create a "level-zero" version of magic state distillation, in which a fault-tolerant circuit is developed at the physical qubit or "zeroth" level as opposed to higher, more abstract levels. In addition to requiring far fewer qubits, this new method led to a roughly several dozen times decrease in spatial and temporal overhead compared with that of the traditional version in numerical simulations.
Itogawa and Fujii are optimistic that the era of quantum computing is not as far off as we imagine. Whether one calls it magic or physics, this technique certainly marks an important step toward the development of larger-scale quantum computers that can withstand noise.
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Sharpest-ever solar view shows tiny stripes driving big space storms | ScienceDaily
A team of solar physicists has released a new study shedding light on the fine-scale structure of the Sun's surface. Using the unparalleled power of the U.S. National Science Foundation (NSF) Daniel K. Inouye Solar Telescope, built and operated by the NSF National Solar Observatory (NSO) on Maui, scientists have observed, for the first time ever in such high detail, ultra-narrow bright and dark stripes on the solar photosphere, offering unprecedented insight into how magnetic fields shape solar surface dynamics at scales as small as 20 kilometers (or 12.4 miles). The level of detail achieved allows us to clearly link these stripes to the ones we see in state-of-the-art simulations -- so we can better understand their nature.


						
These stripes, called striations and seen against the walls of solar convection cells known as granules, are the result of curtain-like sheets of magnetic fields that ripple and shift like fabric blowing in the wind. As light from the hot granule walls passes through these magnetic "curtains," the interaction produces a pattern of alternating brightness and darkness that traces variations in the underlying magnetic field. If the field is weaker in the curtain than in its surroundings it appears dark, if it is relatively stronger it appears bright.

"In this work, we investigate the fine-scale structure of the solar surface for the first time with an unprecedented spatial resolution of just about 20 kilometers, or the length of Manhattan Island," says NSO scientist Dr. David Kuridze, the study's lead author. "These striations are the fingerprints of fine-scale magnetic field variations."

The findings were not anticipated, and only possible because of the Inouye Solar Telescope's unprecedented abilities. The team used the Inouye's Visible Broadband Imager (VBI) instrument operating in the G-band, a specific range of visible light especially useful for studying the Sun because it highlights areas with strong magnetic activity, making features like sunspots and fine-scale structures like the ones in the study easier to see. The setup allows researchers to observe the solar photosphere at an impressive spatial resolution better than 0.03 arcseconds (i.e., about 20 kilometers on the Sun). This is the sharpest ever achieved in solar astronomy. To interpret their observations, the team compared the images with cutting-edge simulations that recreate the physics of the Sun's surface.

The study confirms that these striations are signatures of subtle but powerful magnetic fluctuations -- variations of only a hundred gauss, comparable to a typical refrigerator magnet's strength -- that alter the density and opacity of the plasma, shifting the visible surface by mere kilometers. These shifts, known as Wilson depressions, are detectable thanks only to the unique resolving power of the 4-meter primary mirror of the NSF Inouye Solar Telescope, the largest in the world.

"Magnetism is a fundamental phenomenon in the universe, and similar magnetically induced stripes have also been observed in more distant astrophysical objects, such as molecular clouds," shares NSO scientist and co-author of the study Dr. Han Uitenbroek. "Inouye's high resolution, in combination with simulations, allows us to better characterize the behavior of magnetic fields in a broad astrophysical context."

Studying the magnetic architecture of the solar surface is essential for understanding the most energetic events in the Sun's outer atmosphere -- such as flares, eruptions, and coronal mass ejections -- and, consequently, improving space weather predictions. This discovery not only enhances our understanding of this architecture but also opens the door to studying magnetic structures in other astrophysical contexts -- and at small scales once thought unachievable from Earth.

"This is just one of many firsts for the Inouye, demonstrating how it continues to push the frontier of solar research," says NSO Associate Director for the NSF Inouye Solar Telescope, Dr. David Boboltz. "It also underscores Inouye's vital role in understanding the small-scale physics that drive space weather events that impact our increasingly technological society here on Earth."

The paper describing this study, titled "The striated solar photosphere observed at 0.03'' resolution," is now available in The Astrophysical Journal Letters.
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Hydrogen fuel at half the cost? Scientists reveal a game-changing catalyst | ScienceDaily
To reduce greenhouse gas emissions and combat climate change, the world urgently needs clean and renewable energy sources. Hydrogen is one such clean energy source that has zero carbon content and stores much more energy by weight than gasoline. One promising method to produce hydrogen is electrochemical water-splitting, a process that uses electricity to break down water into hydrogen and oxygen. In combination with renewable energy sources, this method offers a sustainable way to produce hydrogen and can contribute to the reduction of greenhouse gases.


						
Unfortunately, large-scale production of hydrogen using this method is currently unfeasible due to the need for catalysts made from expensive rare earth metals. Consequently, researchers are exploring more affordable electrocatalysts, such as those made from diverse transition metals and compounds. Among these, transition metal phosphides (TMPs) have attracted considerable attention as catalysts for the hydrogen generating side of the process, known as hydrogen evolution reaction (HER), due to their favorable properties. However, they perform poorly in the oxygen evolution reaction (OER), which reduces overall efficiency. Previous studies suggest that Boron (B)-doping into TMPs can enhance both HER and OER performance, but until now, making such materials has been a challenge.

In a recent breakthrough, a research team led by Professor Seunghyun Lee, including Mr. Dun Chan Cha, from the Hanyang University ERICA campus in South Korea, has developed a new type of tunable electrocatalyst using B-doped cobalt phosphide (CoP) nanosheets. Prof. Lee explains, "We have successfully developed cobalt phosphides-based nanomaterials by adjusting boron doping and phosphorus content using metal-organic frameworks. These materials have better performance and lower cost than conventional electrocatalysts, making them suitable for large-scale hydrogen production." Their study was published in the journal Small on March 19, 2025.

The researchers used an innovative strategy to create these materials, using cobalt (Co) based metal-organic frameworks (MOFs). "MOFs are excellent precursors for designing and synthesizing nanomaterials with the required composition and structures," notes Mr. Cha. First, they grew Co-MOFs on nickel foam (NF). They then subjected this material to a post-synthesis modification (PSM) reaction with sodium borohydride (NaBH4), resulting in the integration of B. This was followed up by a phosphorization process using different amounts of sodium hypophosphite (NaH2PO2), resulting in the formation of three different samples of B-doped cobalt phosphide nanosheets (B-CoP@NC/NF).

Experiments revealed that all three samples had a large surface area and a mesoporous structure, key features that improve electrocatalytic activity. As a result, all three samples exhibited excellent OER and HER performance, with the sample made using 0.5 grams of NaH2PO2 (B-CoP0.5@NC/NF) demonstrating the best results. Interestingly, this sample exhibited overpotentials of 248 and 95 mV for OER and HER, respectively, much lower than previously reported electrocatalysts.

An alkaline electrolyzer developed using the B-CoP0.5@NC/NF electrodes showed a cell potential of just 1.59 V at a current density of 10 mA cm-2, lower than many recent electrolyzers. Additionally, at high current densities above 50 mA cm-2, it even outperformed the state-of-the-art RuO2/NF(+) and 20% Pt-C/NF([?]) electrolyzer, while also demonstrating long-term stability, maintaining its performance for over 100 hours.

Density functional theory (DFT) calculations supported these findings and clarified the role of B-doping and adjusting P content. Specifically, B-doping and optimal P content led to effective interaction with reaction intermediates, leading to exceptional electrocatalytic performance.

"Our findings offer a blueprint for designing and synthesizing next-generation high-efficiency catalysts that can drastically reduce hydrogen production costs," says Prof. Lee. "This is an important step towards making large-scale green hydrogen production a reality, which will ultimately help in reducing global carbon emissions and mitigating climate change.
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MIT's tiny 5G receiver could make smart devices last longer and work anywhere | ScienceDaily
MIT researchers have designed a compact, low-power receiver for 5G-compatible smart devices that is about 30 times more resilient to a certain type of interference than some traditional wireless receivers.


						
The low-cost receiver would be ideal for battery-powered internet of things (IoT) devices like environmental sensors, smart thermostats, or other devices that need to run continuously for a long time, such as health wearables, smart cameras, or industrial monitoring sensors.

The researchers' chip uses a passive filtering mechanism that consumes less than a milliwatt of static power while protecting both the input and output of the receiver's amplifier from unwanted wireless signals that could jam the device.

Key to the new approach is a novel arrangement of precharged, stacked capacitors, which are connected by a network of tiny switches. These miniscule switches need much less power to be turned on and off than those typically used in IoT receivers.

The receiver's capacitor network and amplifier are carefully arranged to leverage a phenomenon in amplification that allows the chip to use much smaller capacitors than would typically be necessary.

"This receiver could help expand the capabilities of IoT gadgets. Smart devices like health monitors or industrial sensors could become smaller and have longer battery lives. They would also be more reliable in crowded radio environments, such as factory floors or smart city networks," says Soroush Araei, an electrical engineering and computer science (EECS) graduate student at MIT and lead author of a paper on the receiver.

He is joined on the paper by Mohammad Barzgari, a postdoc in the MIT Research Laboratory of Electronics (RLE); Haibo Yang, an EECS graduate student; and senior author Negar Reiskarimian, the X-Window Consortium Career Development Assistant Professor in EECS at MIT and a member of the Microsystems Technology Laboratories and RLE. The research was recently presented at the IEEE Radio Frequency Integrated Circuits Symposium.




A new standard

A receiver acts as the intermediary between an IoT device and its environment. Its job is to detect and amplify a wireless signal, filter out any interference, and then convert it into digital data for processing.

Traditionally, IoT receivers operate on fixed frequencies and suppress interference using a single narrow-band filter, which is simple and inexpensive.

But the new technical specifications of the 5G mobile network enable reduced-capability devices that are more affordable and energy-efficient. This opens a range of IoT applications to the faster data speeds and increased network capability of 5G. These next-generation IoT devices need receivers that can tune across a wide range of frequencies while still being cost-effective and low-power.

"This is extremely challenging because now we need to not only think about the power and cost of the receiver, but also flexibility to address numerous interferers that exist in the environment," Araei says.

To reduce the size, cost, and power consumption of an IoT device, engineers can't rely on the bulky, off-chip filters that are typically used in devices that operate on a wide frequency range.




One solution is to use a network of on-chip capacitors that can filter out unwanted signals. But these capacitor networks are prone to special type of signal noise known as harmonic interference.

In prior work, the MIT researchers developed a novel switch-capacitor network that targets these harmonic signals as early as possible in the receiver chain, filtering out unwanted signals before they are amplified and converted into digital bits for processing.

Shrinking the circuit

Here, they extended that approach by using the novel switch-capacitor network as the feedback path in an amplifier with negative gain. This configuration leverages the Miller effect, a phenomenon that enables small capacitors to behave like much larger ones.

"This trick lets us meet the filtering requirement for narrow-band IoT without physically large components, which drastically shrinks the size of the circuit," Araei says.

Their receiver has an active area of less than 0.05 square millimeters.

One challenge the researchers had to overcome was determining how to apply enough voltage to drive the switches while keeping the overall power supply of the chip at only 0.6 volts.

In the presence of interfering signals, such tiny switches can turn on and off in error, especially if the voltage required for switching is extremely low.

To address this, the researchers came up with a novel solution, using a special circuit technique called bootstrap clocking. This method boosts the control voltage just enough to ensure the switches operate reliably while using less power and fewer components than traditional clock boosting methods.

Taken together, these innovations enable the new receiver to consume less than a milliwatt of power while blocking about 30 times more harmonic interference than traditional IoT receivers.

"Our chip also is very quiet, in terms of not polluting the airwaves. This comes from the fact that our switches are very small, so the amount of signal that can leak out of the antenna is also very small," Araei adds.

Because their receiver is smaller than traditional devices and relies on switches and precharged capacitors instead of more complex electronics, it could be more cost-effective to fabricate. In addition, since the receiver design can cover a wide range of signal frequencies, it could be implemented on a variety of current and future IoT devices.

Now that they have developed this prototype, the researchers want to enable the receiver to operate without a dedicated power supply, perhaps by harvesting Wi-Fi or Bluetooth signals from the environment to power the chip.

This research is supported, in part, by the National Science Foundation.
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Photon-powered alchemy: How light is rewriting fossil fuel chemistry | ScienceDaily

The work is led at CSU by professors Garret Miyake and Robert Paton from the Department of Chemistry and the Center for Sustainable Photoredox Catalysis (SuPRCat). Their system - inspired by photosynthesis - uses visible light to gently alter the properties of chemical compounds. It does this by exposing them to two separate photons (light particles) to generate energy needed for the desired reactions. A single photon does not normally carry enough energy for these processes, said Miyake. By combining energy from two light particles, the team's system can perform super-reducing reactions - chemical changes that require a lot of energy to break tough bonds or add electrons - easily.

Miyake said their system was tested on a group of chemical compounds called aromatic hydrocarbons - otherwise known as arenes. These compounds are usually resistant to change.

"This technology is the most efficient system currently available for reducing arenes - such as benzene in fossil fuels - for the production of chemicals needed for plastics and medicine," Miyake said. "Usually generating these reactions is difficult and energy intensive because the original bonds are so strong."

The research continues work being done through the U.S. National Science Foundation Center for Sustainable Photoredox Catalysis at CSU. Miyake is the director of that multi-institution research effort to transform chemical synthesis processes across many uses.

Katharine Covert, program director for the NSF Centers for Chemical Innovation program, which supported this research, said photoredox catalysis has become indispensable for many industries.

"Photoredox catalysis has become indispensable for pharmaceutical development and other industries," said Covert. "Through the NSF Center for Sustainable Photoredox Catalysis, synthetic and computational chemists have teamed up to understand the fundamental chemical nature of how those catalysts function and, in so doing, found a new path that requires less heat and energy."

Miyake said researchers across the center are developing catalysis systems similar to the one described in this paper to support energy efficient production of ammonia for fertilizers, the breakdown of PFAS forever chemicals, and the upcycling of plastics.

"We built an all-star team of chemists to address these challenges and make a more sustainable future for this world," Miyake said. "The world has a timeclock that is expiring, and we must meet the urgent need for developing sustainable technologies before our current ways of doing things puts us to a place that we can't recover from."

CU Boulder Professor Niels Damrauer is also an author on the paper and member of the center. Other CSU authors include Amreen Bains, Brandon Portela, Alexander Green, Anna Wolff and Ludovic Patin.
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Scientists create 'universal translator' for quantum tech | ScienceDaily
UBC researchers are proposing a solution to a key hurdle in quantum networking: a device that can "translate" microwave to optical signals and vice versa.


						
The technology could serve as a universal translator for quantum computers -- enabling them to talk to each other over long distances and converting up to 95 per cent of a signal with virtually no noise. And it all fits on a silicon chip, the same material found in everyday computers.

"It's like finding a translator that gets nearly every word right, keeps the message intact and adds no background chatter," says study author Mohammad Khalifa, who conducted the research during his PhD at UBC's faculty of applied science and the UBC Blusson Quantum Matter Institute.

"Most importantly, this device preserves the quantum connections between distant particles and works in both directions. Without that, you'd just have expensive individual computers. With it, you get a true quantum network."

How it works

Quantum computers process information using microwave signals. But to send that information across cities or continents, it needs to be converted into optical signals that travel through fibre optic cables. These signals are so fragile, even tiny disturbances during translation can destroy them.

That's a problem for entanglement, the phenomenon quantum computers rely on, where two particles remain connected regardless of distance. Einstein called it "spooky action at a distance." Losing that connection means losing the quantum advantage. The UBC device, described in npj Quantum Information, could enable long-distance quantum communication while preserving these entangled links.




The silicon solution

The team's model is a microwave-optical photon converter that can be fabricated on a silicon wafer. The breakthrough lies in tiny engineered flaws, magnetic defects intentionally embedded in silicon to control its properties. When microwave and optical signals are precisely tuned, electrons in these defects convert one signal to the other without absorbing energy, avoiding the instability that plagues other transformation methods.

The device also runs efficiently at extremely low power -- just millionths of a watt. The authors outlined a practical design that uses superconducting components, materials that conduct electricity perfectly, alongside this specially engineered silicon.

What's next

While the work is still theoretical, it marks an important step in quantum networking.

"We're not getting a quantum internet tomorrow -- but this clears a major roadblock," says the study's senior author Dr. Joseph Salfi, an assistant professor in the department of electrical and computer engineering and principal investigator at UBC Blusson QMI.

"Currently, reliably sending quantum information between cities remains challenging. Our approach could change that: silicon-based converters could be built using existing chip fabrication technology and easily integrated into today's communication infrastructure."

Eventually, quantum networks could enable virtually unbreakable online security, GPS that works indoors, and the power to tackle problems beyond today's reach such as designing new medicines or predicting weather with dramatically improved accuracy.
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        This team tried to cross 140 miles of treacherous ocean like stone-age humans--and it worked
        Experiments and simulations show Paleolithic paddlers could outwit the powerful Kuroshio Current by launching dugout canoes from northern Taiwan and steering southeast toward Okinawa. A modern crew proved it, carving a Stone-Age-style canoe, then paddling 225 km in 45 hours guided only by celestial cues--demonstrating our ancestors' daring and mastery of the sea.

      

      
        Farming without famine: Ancient Andean innovation rewrites agricultural origins
        Farming didn t emerge in the Andes due to crisis or scarcity it was a savvy and resilient evolution. Ancient diets remained stable for millennia, blending wild and domesticated foods while cultural innovations like trade and ceramics helped smooth the transition.

      

      
        New viruses discovered in bats in China could be the next pandemic threat
        Two newly discovered viruses lurking in bats are dangerously similar to Nipah and Hendra, both of which have caused deadly outbreaks in humans. Found in fruit bats near villages, these viruses may spread through urine-contaminated fruit, raising serious concerns. And that's just the start--scientists found 20 other unknown viruses hiding in bat kidneys.

      

      
        Mammals didn't walk upright until late--here's what fossils reveal
        The shift from lizard-like sprawl to upright walking in mammals wasn't a smooth climb up the evolutionary ladder. Instead, it was a messy saga full of unexpected detours. Using new bone-mapping tech, researchers discovered that early mammal ancestors explored wildly different postures before modern upright walking finally emerged--much later than once believed.

      

      
        Scientists reprogram ant behavior using brain molecules
        Leafcutter ants live in highly organized colonies where every ant has a job, and now researchers can flip those jobs like a switch. By manipulating just two neuropeptides, scientists can turn defenders into nurses or gardeners into leaf harvesters. These same molecular signals echo in naked mole-rats, revealing a deep evolutionary link in how complex societies function, even across species. The study also teases out a possible connection to insulin and longevity, hinting at new frontiers in under...

      

      
        Mojave lichen defies death rays--could life thrive on distant exoplanets?
        Lichen from the Mojave Desert has stunned scientists by surviving months of lethal UVC radiation, suggesting life could exist on distant planets orbiting volatile stars. The secret? A microscopic "sunscreen" layer that protects their vital cells--even though Earth's atmosphere already filters out such rays.

      

      
        Wildfires threaten water quality for up to eight years after they burn
        Wildfires don't just leave behind scorched earth--they leave a toxic legacy in Western rivers that can linger for nearly a decade. A sweeping new study analyzed over 100,000 water samples from more than 500 U.S. watersheds and revealed that contaminants like nitrogen, phosphorus, organic carbon, and sediment remain elevated for up to eight years after a blaze.

      

      
        Ancient carbon 'burps' caused ocean oxygen crashes -- and we're repeating the mistake
        Over 300 million years ago, Earth experienced powerful bursts of carbon dioxide from natural sources--like massive volcanic eruptions--that triggered dramatic drops in ocean oxygen levels. These ancient "carbon burps" led to dangerous periods of ocean anoxia, which stalled marine biodiversity and potentially reshaped entire ecosystems. In a groundbreaking study, scientists combined high-tech climate models with deep-ocean sediment analysis to pinpoint five such events. The alarming part? Today's hu...

      

      
        Killer whales use seaweed tools in never-before-seen grooming behavior
        Southern resident killer whales have been caught on drone video crafting kelp tools to groom one another--an unprecedented behavior among marine mammals. This suggests a deeper social and cultural complexity in these endangered whales than scientists previously realized.

      

      
        These frozen wolf cubs ate a woolly rhino--and changed what we know about dogs
        Two Ice Age wolf pups once thought to be early dogs have been identified as wild wolves, thanks to detailed DNA and chemical analysis. Surprisingly, their last meals included woolly rhinoceros meat--an unusually large prey item--hinting that ancient wolves might have been bigger than today's. Their well-preserved bodies also shed light on wolf pack behavior and Ice Age environments.

      

      
        Mining the deep could mute the songs of sperm whales
        Exploration for deep-sea minerals in the Clarion Clipperton Zone threatens to disrupt an unexpectedly rich ecosystem of whales and dolphins. New studies have detected endangered species in the area and warn that mining noise and sediment could devastate marine life that relies heavily on sound. With so little known about these habitats, experts urge immediate assessment of the risks.

      

      
        No kings buried here: DNA unravels the myth of incestuous elites in ancient Ireland
        DNA from a skull found at Newgrange once sparked theories of a royal incestuous elite in ancient Ireland, but new research reveals no signs of such a hierarchy. Instead, evidence suggests a surprisingly egalitarian farming society that valued collective living and ritual.

      

      
        123,000-year-old coral fossils warn of sudden, catastrophic sea-level rise
        Ancient coral fossils from the remote Seychelles islands have unveiled a dramatic warning for our future--sea levels can rise in sudden, sharp bursts even when global temperatures stay steady.

      

      
        From cursed tomb fungus to cancer cure: Aspergillus flavus yields potent new drug
        In a remarkable twist of science, researchers have transformed a fungus long associated with death into a potential weapon against cancer. Found in tombs like that of King Tut, Aspergillus flavus was once feared for its deadly spores. Now, scientists at Penn and several partner institutions have extracted a new class of molecules from it--called asperigimycins--that show powerful effects against leukemia cells. These compounds, part of a rare group known as fungal RiPPs, were bioengineered for pote...

      

      
        Rice University breakthrough keeps CO2 electrolyzers running 50x longer
        A Rice University team discovered that bubbling CO2 through a mild acid dramatically improves the lifespan and efficiency of electrochemical devices that convert CO2 into useful fuels. This simple trick prevents salt buildup--a major barrier to commercialization--by altering local chemistry just enough to keep salts dissolved and flowing. The result? A device that ran for over 4,500 hours without clogging, using common catalysts and scalable technology. It's a breakthrough that could make green CO2...

      

      
        Scientists create living building material that captures CO2 from the air
        Researchers at ETH Zurich have developed an astonishing new material: a printable gel that's alive. Infused with ancient cyanobacteria, this "photosynthetic living material" not only grows but also removes CO2 from the air, twice over. The bacteria use sunlight to produce biomass and simultaneously trigger mineral formation, which locks carbon away in a stable form. Engineered hydrogels provide an ideal habitat for these microbes, allowing them to thrive for over a year. Even more captivating, th...

      

      
        Plants' secret second roots rewrite the climate playbook
        Beneath the forest floor lies an overlooked secret: many plants grow a second set of roots far deeper than expected sometimes over three feet down tapping into hidden nutrient stores and potentially locking away carbon. A new study using deep-soil data from NEON reveals that these "bimodal" rooting systems are more common than previously believed and may play a powerful role in stabilizing ecosystems and fighting climate change.

      

      
        Hydrogen fuel at half the cost? Scientists reveal a game-changing catalyst
        Researchers in South Korea have developed a powerful and affordable new material for producing hydrogen, a clean energy source key to fighting climate change. By fine-tuning boron-doping and phosphorus levels in cobalt phosphide nanosheets, the team dramatically boosted the efficiency of both sides of water-splitting reactions. This advancement could unlock scalable, low-cost hydrogen production, transforming how we generate clean fuel.

      

      
        Gravity, flipped: How tiny, porous particles sink faster in ocean snowstorms
        In a twist on conventional wisdom, researchers have discovered that in ocean-like fluids with changing density, tiny porous particles can sink faster than larger ones, thanks to how they absorb salt. Using clever lab experiments with 3D-printed agar shapes in a stratified water column, scientists demonstrated that porosity and particle shape are major factors in determining sinking speed. This finding could revolutionize how we understand carbon cycling, microplastic behavior, and even strategies...

      

      
        The Atlantic's chilling secret: A century of data reveals ocean current collapse
        A century-old mystery of a stubborn cold patch in the North Atlantic is finally being unraveled. A new study links this anomaly to a long-term weakening of the Atlantic Meridional Overturning Circulation (AMOC) a massive ocean current system that regulates climate across the Northern Hemisphere. Using over 100 years of temperature and salinity data, researchers showed that only models with a weakening AMOC could recreate the observed changes. The implications are vast, influencing everything from...

      

      
        Photon-powered alchemy: How light is rewriting fossil fuel chemistry
        Researchers at Colorado State University have developed a new photoredox catalysis system that uses visible light mimicking photosynthesis to drive energy-intensive chemical reactions at room temperature. This groundbreaking process could significantly reduce the energy required in chemical manufacturing, especially in industries reliant on fossil fuels.

      

      
        Frozen in time: Transparent worms keep genes in sync for 20 million years
        Even after 20 million years of evolutionary separation, two tiny worm species show astonishingly similar patterns in how they turn genes on and off. Scientists mapped every cell s activity during development and found that genes essential to basic functions like muscles and digestion remained largely unchanged. Meanwhile, genes linked to sensing the environment or brain-like functions showed more variation. This high-resolution comparison of every cell between species may help unlock mysteries of...

      

      
        Hidden carbon giants: Satellite data reveals a 40-year Arctic peatland surge
        Arctic peatlands are expanding with rising temperatures, storing more carbon at least for now. But future warming could reverse this benefit, releasing massive emissions.

      

      
        Flash floods in the Alps: How climate change is supercharging summer storms
        Fierce, fast summer rainstorms are on the rise in the Alps, and a 2 C temperature increase could double their frequency. A new study from researchers at the University of Lausanne and the University of Padova used data from nearly 300 Alpine weather stations to model this unsettling future.

      

      
        Scientists warn of bat virus just one mutation from infecting humans
        Viruses closely related to the deadly MERS coronavirus are lurking in bats and one group, known as HKU5, may be just one mutation away from making the jump to humans. A new study reveals how these viruses bind to cell receptors and even shows signs of adapting to human-compatible versions of those receptors.
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This team tried to cross 140 miles of treacherous ocean like stone-age humans-and it worked | ScienceDaily
When and where the earliest modern human populations migrated and settled in East Asia are relatively well known. However, how these populations moved between islands on treacherous stretches of sea is still shrouded in mystery. In two new papers, researchers from Japan and Taiwan led by Professor Yousuke Kaifu from the University of Tokyo simulated methods ancient peoples would have needed to accomplish these journeys, and they used period-accurate tools to create the canoes to make the journey themselves.
Evidence suggests that around 30,000 years ago, humans made a sea crossing -- without maps, metal tools or modern boats -- from what is now called Taiwan to some of the islands in southern Japan, including Okinawa. To find out exactly how this crossing was made, a team led by Kaifu performed various simulations and experiments, including the use of physical recreations, to learn the most plausible way this crossing was achieved. Of the two newly published papers, one used numerical simulations to cross one of the strongest currents in the world called the Kuroshio. The simulation showed that a boat made using tools of the time, and the right know-how, could have navigated the Kuroshio. The other paper detailed the construction and testing of a real boat which the team successfully used to paddle between islands over 100 kilometers apart.
"We initiated this project with simple questions: 'How did Paleolithic people arrive at such remote islands as Okinawa?' 'How difficult was their journey?' 'And what tools and strategies did they use?'" said Kaifu. "Archaeological evidence such as remains and artifacts can't paint a full picture as the nature of the sea is that it washes such things away. So, we turned to the idea of experimental archaeology, in a similar vein to the Kon-Tiki expedition of 1947 by Norwegian explorer Thor Heyerdahl."
In 2019, the team constructed a 7.5-meter dugout canoe called Sugime, built from a single Japanese cedar trunk, using replicas of 30,000-year-old stone tools. They paddled it 225 kilometers (140 miles) from eastern Taiwan to Yonaguni Island in the Ryukyu group, which includes Okinawa, navigating only by the sun, stars, swells and their instincts. They paddled for over 45 hours across the open sea, mostly without any visibility of the island they were targeting. Several years later, the team is still unpicking some of the data they created during the experiment, and use what they find to inform or test models about various aspects of sea crossings in that region so long ago.
"A dugout canoe was our last candidate among the possible Paleolithic seagoing crafts for the region. We first hypothesized that Paleolithic people used rafts, but after a series of experiments, we learned that these rafts are too slow to cross the Kuroshio and are not durable enough," said Kaifu. "We now know that these canoes are fast and durable enough to make the crossing, but that's only half the story. Those male and female pioneers must have all been experienced paddlers with effective strategies and a strong will to explore the unknown. We do not think a return journey was possible. If you have a map and know the flow pattern of the Kuroshio, you can plan a return journey, but such things probably did not take place until much later in history."
To understand whether such a journey could have been made in different circumstances, the team also used advanced ocean models to simulate hundreds of virtual voyages. These simulations tested different starting points, seasons and paddling strategies under both modern and ancient ocean conditions.
"I major in oceanography and use numerical methods and particle tracking techniques to research things like eel and salmon migrations, pumice drift after volcanic eruptions, and oil spills in the Gulf of Mexico," said Yu-Lin Chang from the Japan Agency for Marine-Earth Science and Technology, and a visiting researcher at UTokyo and lead author of one of the papers in this study. "The Kuroshio Current is generally considered dangerous to navigate. I thought if you entered it, you could only drift aimlessly. But the results of our simulations went far beyond what I had imagined. I'm pleased this work helped illuminate how ocean voyages may have occurred 30,000 years ago."
The simulations helped fill gaps that a one-time experiment could not. They revealed that launching from northern Taiwan offered a better chance of success than from further south, and that paddling slightly southeast rather than directly at the destination was essential for compensating against the powerful current. These findings suggest a high level of strategic seafaring knowledge among early modern humans.
"Scientists try to reconstruct the processes of past human migrations, but it is often difficult to examine how challenging they really were. One important message from the whole project was that our Paleolithic ancestors were real challengers. Like us today, they had to undertake strategic challenges to advance," said Kaifu. "For example, the ancient Polynesian people had no maps, but they could travel almost the entire Pacific. There are a variety of signs on the ocean to know the right direction, such as visible land masses, heavenly bodies, swells and winds. We learned parts of such techniques ourselves along the way."
Funding: This work was financially supported by JSPS KAKENHI grant JP18H03596.
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Farming without famine: Ancient Andean innovation rewrites agricultural origins | ScienceDaily
In the Andes, the rise of agriculture to replace foraging was not the result of hardship and resource scarcity, but instead a time of economic resilience and innovation, according to a study published June 25, 2025 in the open-access journal PLOS One by Luis Flores-Blanco of the University of California Davis and Arizona State University, U.S., and colleagues.


						
The transition from foraging to farming was a major shift in human history that laid the foundations for the expansion of modern civilization. The current prevailing view is that this transition was a time of hardship, with communities forced to rely on crops due to growing human populations and dwindling wild food resources. In this study, Flores-Blanco and colleagues examine the diet of people living in the Andes throughout this transitional period.

The researchers interpreted ancient diets by measuring ratios of Carbon and Nitrogen isotopes from the bones of 16 individuals buried at the sites of Kaillachuro and Jiskairumoko in the Lake Titicaca Basin. Both sites were inhabited from approximately 5,000 to 3,000 years ago, during the transition from foraging to farming. Isotope signatures indicate a high proportion (84%) of plant material in the diet, supplemented by a smaller proportion of meat from large mammals. These proportions are not only consistent throughout this transitional time period at both sites, they are also identical to those of earlier foraging communities and later farming communities.

Altogether, these results contradict the image of an agricultural shift driven by hardship, and instead reveal that food resources remained consistent for thousands of years. Wild foods were increasingly managed and domesticated, creating mixed foraging-farming economies. The authors propose that this economic resilience was likely aided by certain cultural advances happening at this time, including expanding trade networks and innovations in ceramic and archery technologies.

Luis Flores-Blanco adds: "Our research shows that the origin of agriculture in the Titicaca Basin was a resilient process. Ancient Andean peoples relied on their deep knowledge of harvesting wild plants like potatoes and quinoa, as well as hunting camelids. With this understanding of their environment, they effectively managed their resources -- domesticating both plants and animals -- and gradually incorporated these domesticated species into their diet. So, the first Altiplano farmers continued to rely on the same foods consumed by Archaic foragers. In this research, we show that this Andean economy path made this transition both beneficial and stable."

"These discoveries come from integrating contributions from different specialized fields, from extracting dietary information from bones, analyzing macrobotanical remains, and running statistical analyses."

Luisa Hinostroza adds: "This article challenges the traditional idea that the transition to agriculture occurred out of necessity or periods of crisis. Our findings demonstrate, instead, that in the Altiplano, it was a process marked by stability and food sufficiency sustained for thousands of years. These results constitute crucial evidence revealing the capacity of Andean societies to efficiently manage their resources, such as tubers and grains, and maintain long-term stability."

Funding: National Science Foundation grant (SBR-9816313) awarded to MA. The Rust Family Foundation (RFF-2021-146 and RFF-2023-212), the American Philosophical Society (2021), Carlos Brignardello Grant (IFEA 2020), National Geographic Society (EC-97351R-23), and the University of California, Davis to LFB.
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New viruses discovered in bats in China could be the next pandemic threat | ScienceDaily
Researchers have discovered two new viruses in bats that are closely related to the deadly Nipah and Hendra viruses -- pathogens that can cause severe brain inflammation and respiratory disease in humans. The viruses, as well as other new viruses, bacteria, and parasites identified from bat kidneys, were reported this week in the open-access journal PLOS Pathogens by Yun Feng of the Yunnan Institute of Endemic Disease Control and Prevention, China, and colleagues.


						
Bats are natural reservoirs for a wide range of microorganisms, including many notable pathogens that have been transmitted to humans. However, a full survey of the diverse array of viruses, fungi, bacteria, and parasites that infect bats has been lacking. Most previous studies have focused on bat feces rather than the animals' organs.

In the new study, researchers looked inside the kidneys of 142 bats from ten species, collected over four years across five areas of Yunnan province, China. Using advanced genetic sequencing, the team found 22 viruses -- 20 of them never seen before.

Two of the most concerning were new henipaviruses, the same genus as Nipah and Hendra viruses, which are known for their high fatality rates in humans. The henipaviruses were found in fruit bats living near orchards close to human villages. Since henipaviruses can spread through urine, the study raises concerns about contaminated fruit and the risk of these viruses jumping to humans or livestock.

The research also identified a novel protozoan parasite, tentatively named Klossiella yunnanensis, along with two highly abundant bacterial species, one of which is a newly discovered species -- Flavobacterium yunnanensis.

"These findings broaden our understanding of the bat kidney infectome, underscore critical zoonotic threats, and highlight the need for comprehensive, full-spectrum microbial analyses of previously understudied organs to better assess spillover risks from bat populations.," the authors say.

The authors add: "By analyzing the infectome of bat kidneys collected near village orchards and caves in Yunnan, we uncovered not only the diverse microbes bats carry, but also the first full-length genomes of novel bat-borne henipaviruses closely related to Hendra and Nipah viruses identified in China -- raising urgent concerns about the potential for these viruses to spill over into humans or livestock."

Funding: This study was funded by grants from the National Key R&D Program of China (2024YFC2607501 & 2024YFC2607502 to M.S.), Yunnan Revitalization Talent Support Program Top Physician Project (XDYC-MY-2022-0074 to Y.F.), the National Natural Science Foundation of China (82341118 to M.S.), Natural Science Foundation of Guangdong Province of China (2022A1515011854 to M.S.), Shenzhen Science and Technology Program (KQTD20200820145822023 to M.S.), Major Project of Guangzhou National Laboratory (GZNL2023A01001 to M.S.), Guangdong Province "Pearl River Talent Plan" Innovation, Entrepreneurship Team Project (2019ZT08Y464 to M.S.), and the Fund of Shenzhen Key Laboratory (ZDSYS20220606100803007 to M.S.), National Health & Medical Research Council (NHMRC) Investigator grant (GNT2017197 to E.C.H.) and AIR@InnoHK administered by the Innovation and Technology Commission, Hong Kong Special Administrative Region, China (to E.C.H.). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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Mammals didn't walk upright until late-here's what fossils reveal | ScienceDaily
For over a century, scientists have puzzled over a fundamental mystery in our evolutionary history: how did mammals go from sprawling like lizards to striding like cats and dogs? This transition -- from a sprawled stance (like a lizard) to an upright (parasagittal) posture -- marked a pivotal moment in mammal evolution. While the earliest non-mammalian synapsids, the ancestors of living mammals, had a sprawling posture, researchers debated when and how the upright postures of modern mammals evolved.


						
Now, a groundbreaking study in PLOS Biology led by Dr. Robert Brocklehurst, a former postdoctoral fellow in the Department of Organismic and Evolutionary Biology (OEB) at Harvard University, offers a surprising answer: the path to upright posture wasn't linear, but full of unexpected detours, evolutionary experimentation, and dramatic anatomical upheaval.

"The evolution of mammals has previously been characterized as a series of steps from sprawling, to semi-sprawling, to upright," said Brocklehurst. "However, what we discovered was a more nonlinear evolutionary progression throughout mammalian history."

All mammals -- from bats and whales to moles and humans -- share a distinctive way of moving: they hold their limbs underneath their bodies, unlike the sprawling posture with limbs out to the side. This posture enables more efficient movement and is tied to mammals' ability to adapt to diverse lifestyles, from digging to flying. This dramatic transition was also accompanied by big changes in limb bone shape and mechanics. To assess these changes, the team analyzed the humerus (upper arm bone) of over 60 non-mammalian synapsid fossils and 140 living animals, including mammals, reptiles and amphibians.

Using a novel analytical technique, pioneered in senior author Professor Stephanie Pierce's lab (also in OEB), researchers mapped each bone's surface to measure traits like length, mass distribution, muscle leverage, and torsion (the degree to which the bone twists along its length). These traits correlate with specific modes of locomotion and allowed the researchers to reconstruct posture and locomotion in the fossils.

"By correlating bone shape and limb biomechanics with posture, we could test how well the fossil bones were optimized for specific functional tasks, like upright walking versus sprawled walking," Brocklehurst said. The researchers achieved this by mapping the fossil non-mammalian synapsids onto a functional adaptive landscape, similar to a topographic map, with peaks and valleys that relate to high and low performance of different locomotor postures.

"We expected to see a neat progression -- from sprawling pelycosaurs to a bit more upright therapsids, then cynodonts, then fully upright mammals," said Brocklehurst. "Instead, we found bursts of innovation."

The findings suggest that mammal evolution involved a series of adaptive radiations, with each major ancestral groups exploring a range of forelimb functions and postures -- some of which were closer to modern mammals, others not.




"The path to upright posture wasn't a straight line," says Pierce, "the ancestors of mammals weren't steps on a ladder with modern mammals at the top. Mammals have been evolving and radiating into many different niches and habitats throughout their history, and their postures reflect that variation."

One fossil, a close relative of today's marsupials and placentals, showed bone features consistent with a modern upright gait, suggesting that fully parasagittal postures evolved relatively late in mammalian history as opposed to previously held hypotheses. This result supports recent work from the same lab on the backbone and hindlimb.

"Our work challenges the idea that posture changed gradually and early on," said Pierce, "instead, it shows that upright posture and locomotion were a late evolutionary innovation, not an early defining trait of the mammalian lineage."

The researchers also challenge the long-held idea that the earliest non-mammalian synapsids sprawled in a similar way to living lizards or crocodiles. "Our study showed that most synapsid limbs functioned differently than those of modern reptiles. They're not just copies of reptiles, but distinctive animals in their own right that are a little different from anything that's alive today," says co-author Kenneth Angielczyk of Chicago's Field Museum.

To compare such a wide range of bones -- spanning hundreds of species, including those hundreds of millions of years apart in age and wildly different in shape -- the team had to overcome major technical hurdles. Traditional methods that describe shape in similar structures didn't work. So, the team re-engineered an existing R software package designed for a different task, transforming it into a novel "slice-based" landmarking tool tailored for this study. Co-author Magdalen Mercado, former undergraduate student in the Integrative Biology program at Harvard, helped gather the extensive dataset as part of her senior thesis and research in the Pierce lab.

The study builds on a rich scientific legacy -- both at Harvard and in paleontology. Pierce, who is also Curator of Vertebrate Paleontology in the Museum of Comparative Zoology (MCZ), noted that, "Researchers and former MCZ curators, like Alfred Sherwood Romer and Farish Jenkins, Jr., were grappling with these same questions a century ago. Now, with new tools and data, we can revisit those ideas and see the story more clearly."

This study marks the first large-scale evolutionary analysis of mammalian posture using quantitative biomechanics. But that's just the beginning. The team is now building detailed models of forelimbs in select fossil species to understand how joints and muscles functioned in ancient animals, offering even deeper insights into the evolution of mammalian motion.




As Brocklehurst put it: "Understanding how mammals came to walk upright isn't just about bones, it's about uncovering the dynamic history of life on Earth."

Funding was provided by the US National Science Foundation (DEB1754459 and DEB1754502), by the Harvard Museum of Comparative Zoology and the Wetmore Colles Fund.

Robert Brocklehurst is currently a postdoctoral research associate in the Department of Biological Sciences at the University of Massachusetts, Lowell. Magdalen Mercado is currently a graduate student in the Committee on Evolutionary Biology at the University of Chicago.
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Scientists reprogram ant behavior using brain molecules | ScienceDaily
From the bright lights of cities that don't sleep -- where people hustle and bustle through the night to keep subways, servers, and supply chains alive -- to the whisper-dark understory of tropical forests where ants hum in syncopated lines, the planet's most intricate societies hinge on round-the-clock cooperation and finely tuned roles.


						
Within Atta cephalotes, or leafcutter ants, every role is pre-written in morphology, from curves of the mandible (jaws) to body size, scripting a precise division of labor. The hulking Major ants serve as sentinels, patrolling doorways and repelling intruders; the slightly more diminutive Media ants harvest leaf confetti for nimble Minors, the colony custodians and caretakers; and, at the tiniest tier, pin-sized Minima ants groom fungal gardens and cradle the brood.

Now, researchers led by Shelley Berger of the University of Pennsylvania, have revealed key elements of the leafcutters' genetic code, pinpointing two signaling molecules that can be dialed up or down to reprogram ant duties. Crustacean cardioactive peptide (CCAP), elevated in Media ants, promotes leaf-harvesting tasks and can induce similar behavior in other subcastes. Neuroparsin-A (NPA), abundant in Majors, however, suppresses brood care and is linked to defensive patrols, alternately lowering its levels of NPA prompts caregiving behavior.

Reporting their findings in Cell, the researchers also uncovered a striking parallel: gene-expression patterns that govern division of labor in leafcutter ants mirror those in eusocial naked mole-rats -- mammals that similarly abide by cooperative brood care -- hinting at a convergent molecular mechanism dating back over 600 million years.

"We were amazed to see the apparent similarity of gene regulation between nurses and foragers of ants compared to naked mole-rat mammals -- this was unexpected," says Berger the Daniel S. Och Penn Integrates Knowledge University Professor with appointments in the School of Arts & Sciences and the Perelman School of Medicine. "Our results in ants reinforce how single neuropeptides can dramatically alter behavior, which may be applicable to human social behavior -- although humans of course are much more complex."

From carpenters to leafcutters 

Building on previous research on the carpenter ants, which have a similar but simpler social organization consisting of two roles -- forager and soldier -- the team investigated several different neuropeptides in leafcutters to explore how these principles scaled up to the more nuanced four-subcaste structure of Major, Media, Minor, and Minim.




The researchers created 3D-printed behavioral chambers that allowed them to monitor how ants interacted with leaves, the brood, or fungus. These chambers enabled tracking and quantification of behavior through video analysis, demonstrating how altering CCAP and NPA levels in ants induced dramatic and reproducible shifts in their assigned tasks.

"Generally speaking, specific neuropeptides are more abundant in certain castes, so we looked at the levels of neuropeptides in the brains of each caste," explains Karl Glastad, assistant professor at the University of Rochester and former postdoctoral researcher in the Berger lab. "In Majors, the neuropeptide that dictates leafcutter behavior is low and the neuropeptide that stops nursing is high, so if we increase the former, it leads to leafcutter behavior, and if we decrease the latter, it leads to nursing and caretaking of brood."

Glastad adds that these neuropeptides, once bound to their matching receptors, spark an intricate signaling cascade that ripples through gene networks, like a molecular Rube Goldberg machine, that leads to ants shifting from one specialized task to another.

Molecular mechanisms across kingdoms 

To further explore the evolutionary depth and implications of this behavioral script, the team investigated naked mole-rats a distant evolutionary cousin whose subterranean colonies echo the caste-like harmony of leaf-cutter nests.

"At first, I thought incorporating naked mole-rats felt like a bit of a boondoggle," laughs Glastad. "But we were amazed to discover that there's actually a lot of similarities in the molecular regulation of these kinds of foraging and caretaking castes between the brains of these two species."

Despite naked mole-rats lacking the exact neuropeptides like NPA found in ants, the researchers hypothesized that these peptides might still activate ancient, conserved pathways common to both species due to promiscuity of certain, more conserved receptors.




"When we saw these intriguing neuropeptide results, we pursued the idea that maybe this neuropeptide is plugging into some conserved gene pathways that convergently evolved in these very different animals to manage distinct behaviors," Glastad explains. "And remarkably, we found substantial overlap -- enough that the ant neuropeptide could even activate endogenous receptors in the naked mole-rat brain. Discovering that unexpected convergence was incredibly cool and, frankly, fortuitous."

A novel role for insulin regulatory pathways? 

The findings also reveal intriguing connections to insulin regulation pathways, known for their important role in sugar metabolism.

Particularly, insulin-like peptides such as Ilp1 were prominently expressed alongside NPA, suggesting a previously unappreciated interplay between neuropeptide signaling and insulin pathways in behavioral regulation.

"By discovering, essentially, that there's this link between insulin and maternal caretaking behavior, both with naked mole-rats and then also with leafcutter ants, we speculate that this might open the door for potentially looking at how disorders in insulin regulation may affect these behaviors," says first author Maxxum Fioriti, a graduate researcher in the Berger Lab.

"This connection launches new avenues for research into how insulin might regulate caregiving behaviors in mammals, potentially even humans," Fioriti says, venturing that insulin resistance disorders like diabetes may affect maternal mental health and post-partum depression.

Extending to lifespan plasticity 

Looking ahead, Berger's team is keen to explore the persistence of biological plasticity as it relates to behaviors. They are also interested in extending their work to late life rejuvenation and lifespan plasticity because reproductive ant queens live much longer than workers that don't reproduce.

Berger believes that epigenetics, the study of how gene activity can be turned on or off without changing the underlying DNA, offers powerful ways to understand not only behavioral plasticity but lifespan plasticity too.

"We're really interested in how long the reprogrammed behavior persists, and what are the pathways for long-lived queens," she says. "I think both phenomena are of enormous interest in mammalian and human biology -- the long-term effects of the plasticity of behavior and lifespan we're investigating."

Speaking about future research on lifespan plasticity, Fioriti notes that one of the other ant species in the lab has amazing lifespan plasticity, "where instead of having just different behaviors, they can also switch between a long-lived queen versus a short-lived worker."

"We have these comparisons of the ant behavior model with the naked mole-rat, and we're also interested in seeing if we can couple understanding lifespan plasticity between ant and naked mole-rat as well," Fioriti says.

Key Takeaways
    	Researchers led by Penn Integrates Knowledge Professor in the  School of Arts & Sciences and the Perelman School of Medicine  Shelley Berger explore the genetic basis of how communal-dwelling  organisms like leafcutter ants and naked mole-rats divide labor among  their societies
    	They discovered that pathways dating back hundreds of millions of years are conserved across animal kingdoms
    	Their findings offer fundamental insights into the origins of complex social behaviors and the neuroplasticity of assigned roles
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Mojave lichen defies death rays-could life thrive on distant exoplanets? | ScienceDaily
The question of whether Earth is alone in harboring life has captivated humanity for millennia. In recent years, scientists have turned to Earth-like planets in other solar systems that may show the most promise, but many revolve around stars that emit much stronger solar radiation than our own. Now, a new study offers evidence that life as we know it may be able to thrive on those Earth-like exoplanets.


						
Published June 12th in Astrobiology, the new research demonstrated that lichen found in the Mojave Desert survived for 3 months under levels of solar radiation previously considered lethal. The common lichen, Clavascidium lacinulatum, was injured, but able to recover and replicate. The results show that photosynthetic life may be possible on planets exposed to intense solar radiation.

"The study was motivated by a curious observation," said Henry Sun, Associate Research Professor of Microbiology at DRI and one of the lead authors of the study. "I was just walking in the desert and I noticed that the lichens growing there aren't green, they're black. They are photosynthetic and contain chlorophyll, so you would think they'd be green. So I wondered, 'What is the pigment they're wearing?' And that pigment turned out to be the world's best sunscreen."

Life on Earth has evolved to withstand solar radiation known as UVA and UVB rays, which encompass longer wavelengths of ultraviolet radiation. UVC rays represent the shorter, more damaging wavelengths; these are filtered by Earth's atmosphere and therefore do not reach the surface. UVC radiation is so lethal to life, in fact, that it is used to sterilize air, water, and surfaces of microorganisms like viruses and bacteria. Even a brief exposure to UVC radiation will damage an organism's DNA and prevent it from reproducing.

Scientists have wondered, then, whether many of the Earth-like planets discovered in recent years could possibly harbor life. Many of these planets revolve around stars known as M and F stars that emit intense UVC radiation, especially during solar flares.

"After the launch of the James Webb Space Telescope, which can see extremely far into space, the excitement shifted from finding life on Mars to these exoplanets," Sun said. "We're talking about planets that have liquid water and an atmosphere."

Sun and his graduate student at the time, Tejinder Singh, collected the lichen from the Mojave Desert near their homes in Las Vegas. They then placed it next to a UVC lamp in a controlled laboratory setting for 3 months straight. Remarkably, half of the algal cells in the lichen remained viable and replicated when rehydrated.




"In order for a microorganism to persist on a planet, it has to last longer than a day," Sun said. "So, our experiment had to be long enough to be ecologically significant. We also wanted to go beyond just activity and demonstrate viability."

To explore how this was chemically possible, Sun teamed up with chemists from the University of Nevada, Reno. They conducted two experiments that demonstrated how lichen acids are the natural world's equivalent of the additives used to make plastics UV-resistant.

They investigated the lichen's protective layer by cutting a cross-section of it and found that the top layer was darker, like a human's suntan. Lichen is composed of algae or cyanobacteria living symbiotically with fungi; when the algal cells were separated from the fungi and protective layer, exposure to the same UVC radiation killed the cells in less than a minute.

The discovery that lichen has evolved this protective layer to UVC radiation was surprising, Sun said, because it isn't necessary for their survival. Earth's atmosphere was already filtering out UVC rays by the time lichen appeared, so the protection is a mere bonus thanks to their remarkable UVA and UVB protection.

Some of the damage that occurs from exposure to intense solar radiation is the result of chemical reactions with the atmosphere, particularly the production of ozone when oxygen, nitric oxide, and UV radiation interact. To test the lichen's protection under different atmospheric conditions, the researchers placed it in an oxygen-free box with the UVC light and found that the radiation damage was further reduced.

"We came to the conclusion that the lichen's top layer - a less than millimeter thick skin, if you will - assures that all the cells below are protected from radiation. This layer acts as a photo stabilizer and even protects the cells from harmful chemical reactions caused by the radiation, including reactive oxygen."

The study offers evidence that planets beyond Earth, and beyond our solar system, may be inhabitable. In fact, "they may be teeming with colonial microorganisms that, like the lichens in the Mojave Desert, are 'tanned' and virtually immune to UVC stress," the researchers write.

"This work reveals the extraordinary tenacity of life even under the harshest conditions, a reminder that life, once sparked, strives to endure," said Tejinder Singh, who led the study with Sun and is now at NASA Goddard Space Flight Center. "In exploring these limits, we inch closer to understanding where life might be possible beyond this planet we call home."

Study authors include: Tejinder Singh (DRI), Christos Georgiou (U. of Patras), Christopher Jeffrey (UNR), Matthew J. Tucker (UNR), Casey S. Philbin (UNR), Tanzil Mahmud (UNR), Christopher P. McKay (NASA Ames), and Henry J. Sun (DRI)
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Wildfires threaten water quality for up to eight years after they burn | ScienceDaily
Years after wildfires burn forests and watersheds, the contaminants left behind continue to poison rivers and streams across the Western U.S. -- much longer than scientists estimated.


						
A new study, published on June 23 in Nature Communications Earth & Environment, analyzed water quality in more than 500 watersheds across the Western U.S., and is the first large-scale assessment of post-wildfire quality.

The research was led by scientists from the Cooperative Institute for Research in Environmental Science (CIRES) at the University of Colorado Boulder.

"We were attempting to look at notable trends in post-wildfire water quality across the entire U.S. West, to help inform water management strategies in preparing for wildfire effects," said Carli Brucker, lead author and former CU Boulder and Western Water Assessment PhD student.

The results showed contaminants like organic carbon, phosphorus, nitrogen, and sediment can degrade water quality for up to eight years after a fire. Water managers can use this data to help them plan for the future and respond appropriately when wildfires strike.

CIRES Fellow and Western Water Assessment Director Ben Livneh was the principal investigator and co-author of the study. Much of his research focuses on hydrology, or water supply, on a continental scale. When he realized he could use the same approach to understand large-scale trends in water quality, he was excited to test the method.

"There's been a lot of work, for example, in the National Climate Assessment and the International Panel on Climate Change talking about changes in global water supply," said Livneh, associate professor in the Department of Civil, Environmental and Architectural Engineering. "But those assessments point to this gap in water quality assessments in a continental scale context, whereas people like me in physical hydrology have been thinking about the continental scale challenges for a while."

Researchers have long known that fire ash and soil destruction contribute to degraded water quality. Yet, past research has largely been limited to state and municipal studies -- cities and towns test water quality in local streams and rivers following large fires.




For the new study, the team analyzed more than 100,000 water samples from 500 sites: half from burned river basins and half from unburned. They measured levels of organic carbon, nitrogen, phosphorus, and sediment as well as turbidity, or cloudiness, of each sample.

To understand wildfire-driven impacts, the team built data-driven models to measure how much contaminants changed in each basin before and after wildfires. In the final step, they compiled data to find the average across the burned basins for each pre- and post-wildfire year, and then compared those to the unburned basins.

The results showed watersheds take longer to recover after wildfires than previous studies found. Organic carbon, phosphorus, and turbidity are significantly elevated in the first one to five years post-fire. Nitrogen and sediment show significant increases up to eight years post-fire. Fire-driven impacts were worse in more forested areas.

"It can take two years, up to eight years, for the effect to be fully felt," Livneh said. "Sometimes it can be a delayed effect, meaning, it's not all happening right away, or sometimes you need a big enough storm that will mobilize enough of the leftover contaminants."

Each watershed in the study felt the impacts differently. This is likely tied to where the fire struck -- a fire closer to the river would be worse than an upstream fire. Different soils, vegetation, and weather also change the impact in each watershed, making it difficult to plan for the future.

"There's a huge amount of variability in sedimentation rates," said Brucker, who now works as a consultant. "Some streams are completely clear of sediment after wildfires, and some have 2000 times the amount of sediment."

Despite variability across river basins, the study provides concrete numbers that give insight to water managers across the Western U.S. Researchers hope the results provide better direction on informing future planning efforts for increasing wildfire resilience.

"I'm hoping that providing concrete numbers is very impactful to water managers," Brucker said. "You can't fund resilience improvements on general concerns alone. Water managers need real numbers for planning, and that's what we're providing," Brucker said.
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Ancient carbon 'burps' caused ocean oxygen crashes - and we're repeating the mistake | ScienceDaily
New research from the University of California, Davis, the Chinese Academy of Sciences and Texas A&M University reveals that massive emissions, or burps, of carbon dioxide from natural earth systems led to significant decreases in ocean oxygen concentrations some 300 million years ago.


						
Combining geochemical analyses of sediment cores and advanced climate modeling, the study, published June 23 in Proceedings of the National Academy of Sciences, highlights five periods when significant decreases in ocean oxygen levels (by 4% to 12%) coincided with significant increases in levels of carbon dioxide in the atmosphere. Such oxygen-less, or anoxic, events are known for their detrimental effects on marine life and biodiversity.

Despite their roots in the deep past, the findings are relevant to the current global climate and its future. If events of a similar scale were to happen today, they would likely affect coastal areas that are important for fisheries and marine biodiversity.

"This is our only analog for big changes in carbon dioxide at levels comparable to what we're living in today, where we see doublings and triplings of the levels," said senior author Isabel P. Montanez, a Distinguished Professor in the Department of Earth and Planetary Sciences at UC Davis.

What's different, though, is the source of the carbon dioxide. While carbon dioxide levels of long-past climates were influenced by natural systems like volcanic eruptions, human-produced and human-related carbon dioxide emissions strongly influence today's levels.

"We're creating a burp now and at a rate two, maybe three, orders of magnitude faster than in the past," Montanez said.

Sediment cores and deep climate modeling

In the study, the team used sediment cores sourced from a geological formation in South China called the Naqing succession. By analyzing the geochemical makeup of these deep-water cores, specifically carbonate uranium isotopes, the team chronicled Earth's environmental conditions from 310 to 290 million years ago.




"Through that analysis, we see these 'burps' not just in carbon dioxide but in the ocean's uranium isotope signature too," Montanez said. "They're totally aligned, and the size of those uranium spikes tell us about the magnitude of the ocean anoxia."

The team then used that information to inform leading-edge climate models, developed by the authors of this study, that are used to better understand ancient climates.

"It's a mathematical framework in which we put in all our proxy information and we run it hundreds of thousands of times on a supercomputer," Montanez said. "It basically best models what is most realistic given all the uncertainties, all the knowns, all the information that it's given."

Based on the modeling, the team found five instances of decreased oxygen in the global ocean by 4% to 12% from 290 to 310 million years ago. Each period lasted for roughly 100,000 to 200,000 years.

While the decrease in ocean oxygen doesn't appear to correlate to any known mass extinctions, it does align with pauses in biodiversity that can be seen in the geological record.

"We do see these pauses in biodiversity each time these burps happen," Montanez said. "It had an impact, most likely coastal regions were impacted the most."

Records of the past, lessons for the future




The Earth of 300 million years ago was vastly different than the Earth of today. For one, oxygen in the atmosphere was 40% to 50% higher than it is today. Despite the differences between past and present, the magnitude of the rises in carbon dioxide levels are similar.

That could be interpreted as a warning, according to Montanez.

"This is a huge discovery because how do you take an ocean sitting under an atmosphere with much more oxygen than today and permit this?" Montanez said. "The message for us is, 'Don't be so sure that we can't do this again with our current human-driven release of carbon dioxide.'"

Additional authors are: Jitao Chen, Chinese Academy of Sciences; Shihan Li and Shuang Zhang, Texas A&M University; Terry Isson, University of Waikato, New Zealand; Tais Dahl, University of Copenhagen, Denmark; Noah Planavsky, Yale University; Feifei Zhang, Xiang-dong Wang and Shu-Zhong Shen, Nanjing University, China.

The research was supported in part by grants from the National Natural Science Foundation of China and the U.S. National Science Foundation.
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Killer whales use seaweed tools in never-before-seen grooming behavior | ScienceDaily
Primates, birds, and elephants are all known to make tools, but examples of tool use among marine animals are much more limited. Reporting in the Cell Press journal Current Biology on June 23, a team of whale experts has found widespread tool manufacture and usage in an endangered population of resident killer whales living in the Salish Sea -- part of the Pacific Ocean between British Columbia and Washington. The whales fashion tools from kelp and use them for grooming purposes.


						
"We found that southern resident killer whales regularly use lengths of bull kelp during social interactions, apparently as a tool to groom one another," says Michael Weiss (@CetaceanMike) of the Center for Whale Research in Friday Harbor, WA. "To find that the whales were not just using but also manufacturing tools, and that these objects were being used in a way never before reported in marine mammals, was incredibly exciting."

Weiss and his team discovered this unexpected whale activity while conducting aerial observations of southern resident killer whales, which are a critically endangered whale population with fewer than 80 individuals left found in the Pacific Northwest. The team has been monitoring the whales since 2018 to learn more about their foraging and social behavior.

"While there are other killer whales around the world, the southern residents represent a genetically, ecologically, and culturally distinct population," says Weiss.

Through the high-resolution footage collected by their aircraft, the researchers found that the whales created tools by breaking off the ends of bull kelp stalks. They then pressed pieces of kelp against a partner and rolled the kelp between their bodies for long periods of time.

The researchers observed this behavior in whales across all social groups, both sexes, and all age classes. They found that whales were more likely to groom closely related whales or similarly aged partners. They also saw some evidence that whales with more molting or dead skin were more likely to engage in grooming, suggesting it may have a hygienic function.

"What I find most remarkable is that despite this apparently being a common behavior -- we see it most days we fly our drone over these whales -- it hadn't yet been discovered in this population despite nearly 50 years of dedicated observation," says Weiss. "To me, this demonstrates not just the power of new observation methods but also how much we still have to learn about these animals."

It remains unclear whether this grooming behavior is entirely unique to this population or more widespread among other whale populations and species. Regardless, the discovery opens new avenues for understanding tool use in marine mammals and demonstrates that tools can be used in a wide array of contexts, say the researchers.

"This finding highlights yet another way these whales' society and culture is unique and the importance of recovering the southern resident killer whale population," says Weiss.

This research was supported by the UK Natural Environment Research Council, the Orca Fund, the Wild Fish Conservancy, the Rose Foundation for Communities and the Environment, National Oceanic and Atmospheric Administration, Northwest Fisheries Science Center, and the Earthwatch Institute.
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These frozen wolf cubs ate a woolly rhino-and changed what we know about dogs | ScienceDaily
New analysis of the remains of two 'puppies' dating back more than 14,000 years ago has shown that they are most likely wolves, and not related to domestic dogs, as previously suggested.


						
The genetic analysis also proved that the cubs were sisters at the age of around two months, and like modern day wolves had a mixed diet of meat and plants. Researchers, however, were surprised to see evidence of a wooly rhinoceros as part of their last meals, as this would have been a considerably large animal for a wolf to hunt.

The 'Tumat Puppies' are two remarkably well-preserved puppy remains found in northern Siberia, about 40 km from Tumat, the nearest village. One was found in 2011 and the other in 2015 at what's now called the Syalakh site.

The puppies were discovered in layers of soil, preserved in ice, alongside the bones of woolly mammoths, some of which showed signs of having been burned and processed by humans. This led scientists to wonder if the site was once used by humans to butcher mammoths, and whether the puppies might have had a connection to people, possibly as early dogs or tamed wolves that hung around humans for food.

There are no visible injuries or signs of attack to the cubs, and so they were likely to have been inside an underground den, resting after their meal, until a potential landslide collapsed their home, trapping the cubs inside.

A new study, led by the University of York, however, has shown that, based on genetic data from the animals' gut contents and other chemical 'fingerprints' found in their bones, teeth and tissue, that the way they were living, what they were eating, and the environment they existed in, points to the puppies being wolf cubs and not early domesticated dogs.

Both were already eating solid food, including woolly rhinoceros meat and, in one case, a small bird called a wagtail. However, their bodies still showed signs of having nursed, meaning they were likely still getting milk from their mother too.




Despite being found near human-modified mammoth bones, there was no evidence of the cubs consuming mammoth, but the piece of wooly rhinoceros skin found in the stomach of one of the cubs had not been fully digested, suggesting they died not long after their last meal.

It is thought that the wooly rhinoceros may have been a young calf, rather than a fully grown adult, and likely hunted by the adult pack and fed to the cubs, but even if this was the case, a young woolly rhinoceros would have been considerably bigger than prey modern-day wolves typically hunt.

This has led researchers to think that these Pleistocene wolves may have been somewhat bigger than the wolves of today. Previous DNA testing suggests that the cubs most likely belonged to a wolf population that eventually died out and didn't lead to today's domestic dogs.

Anne Kathrine Runge, from the University of York's Department of Archaeology, who analysed the cubs as part of her PhD, said: "It was incredible to find two sisters from this era so well preserved, but even more incredible that we can now tell so much of their story, down to the last meal that they ate."

The original hypothesis that the Tumat Puppies were dogs is also based on their black fur colour, which was believed to have been a mutation only present in dogs, but the Tumat Puppies challenge that hypothesis as they are not related to modern dogs.

Anne Kathrine added: "Whilst many will be disappointed that these animals are almost certainly wolves and not early domesticated dogs, they have helped us get closer to understanding the environment at the time, how these animals lived, and how remarkably similar wolves from more than 14,000 years ago are to modern day wolves.




"It also means that the mystery of how dogs evolved into the domestic pet we know today deepens, as one of our clues -- the black fur colour -- may have been a red herring given its presence in wolf cubs from a population that is not related to domestic dogs."

Tiny fossilised plant remains were discovered in the cubs' stomachs, indicating that they lived in a diverse environment with a variety of plants and animals to consume, including prairie grasses, leaves from the shrub genus Dryas and willow twigs. This suggests the landscape they inhabited included different types of habitats that could support rich and varied ecosystems.

Dr Nathan Wales, from the University of York's Department of Archaeology, said: "We know grey wolves have been around as a species for hundreds of thousands of years based on skeletal remains from palaeontological sites, and researchers have done DNA testing of some of those remains to understand how the population changed over time. The soft tissues preserved in the Tumat Puppies, however, gives us access to other ways of investigating wolves and their evolutionary line.

"We can see that their diets were varied, consisting of both animal meat and plant life, much like that of modern wolves, and we have an insight into their breeding behaviours too. The pair were sisters and likely being reared in a den and cared for by their pack -- all common characteristics of breeding and raising of offspring in wolves today.

"Today, litters are often larger than two, and it is possible that the Tumat Puppies had siblings that escaped their fate. There may also be more cubs hidden in the permafrost or lost to erosion.

"The hunting of an animal as large as a wooly rhinoceros, even a baby one, suggests that these wolves are perhaps bigger than the wolves we see today, but still consistent in many ways, because wolves still tend to hunt easy prey while some of the pack is engaged in cub rearing."

The research findings, however, means that the hunt for the oldest dog -- and their place of origin -- is still on.

The research, in collaboration with researchers based in Belgium, Canada, Denmark, Germany, Russia and Sweden is published in the journal Quaternary Research.
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Mining the deep could mute the songs of sperm whales | ScienceDaily
Deep-sea mining in a remote part of the Pacific Ocean could harm ocean life including whales and dolphins, new research shows.


						
The Clarion Clipperton Zone (CCZ) of the Eastern Pacific is a vast area of deep ocean and seamounts.

A Canadian firm - The Metals Company - is planning to explore parts of the CCZ for polymetallic nodules.

In two new studies, researchers found whales and dolphins - including an endangered sperm whale - in the CCZ, and raise concerns about impacts on a wide range of marine species.

"We know remarkably little about these ecosystems, which are hundreds of miles offshore and include very deep waters," said Dr Kirsten Young, from the University of Exeter.

"We do know many species here are long-lived and slow-growing, especially on the seabed.

"It's very hard to predict how seabed mining might affect these species and wider ecosystems, and these risks must urgently be assessed."

Dr Young said noise from mining would travel great distances underwater - possibly hundreds of kilometres through a SOFAR channel.




One of the research papers reviews noise sensitivity among species known to live in the CCZ, and finds that only 35% of taxonomic classes there have been studied for noise impacts.

Soniferous fish, which rely on acoustic communication, are particularly vulnerable to noise.

Chronic exposure to mining noise might have cascading ecological consequences, disrupting key behaviours, the researchers say.

The second study is a survey of whales and dolphins, conducted from the Greenpeace vessel Arctic Sunrise.

Over 13 days of visual and acoustic monitoring, there were 74 acoustic detections and six sightings.

These included a sperm whale, Risso's dolphins, common dolphins and 70 dolphin groups that could not be identified to species level.




Dr Young said: "If deep seabed mining becomes a reality, whales and dolphins will be exposed to multiple sources of noise throughout the water column.

"Many species are highly sensitive to certain frequencies - chronic ocean noise can mask social and foraging communications and whales could be displaced from critical habitats.

"The behavior and impact of sediment plumes created by mining is also poorly understood but could affect food webs."

Louisa Casson of Greenpeace International said: "The confirmed presence of cetaceans, including threatened sperm whales, in areas that The Metals Company is targeting for deep sea mining is yet another clear warning that this dangerous industry must never be allowed to begin commercial operations."

The review paper, published in the journal Marine Pollution Bulletin, is entitled: "Noise from deep-sea mining in the Clarion-Clipperton Zone, Pacific Ocean will impact a broad range of marine taxa."

The whale and dolphin paper, published in Frontiers in Marine Science, is entitled: "Threatened cetaceans in a potential deep seabed mining region, Clarion Clipperton Zone, Eastern Pacific."
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No kings buried here: DNA unravels the myth of incestuous elites in ancient Ireland | ScienceDaily
New research has cast doubts over suggestions an incestuous social elite ruled over the ancient people of Ireland more than 5,000 years ago.


						
Researchers examined the evidence from burials of individuals at the Newgrange prehistoric monument in Ireland -- a large circular mound containing a chamber where cremated and unburnt human remains were placed, the discovery of which led to speculation that those buried there must have been from an elite class or a royal family.

In 2020, the DNA analysis of a bone skull fragment found in the chamber, however, suggested that at least one of the individuals buried there was the result of a relationship between two siblings or a parent and child, and was also distantly related to others buried in the chamber.

It is believed that only particular individuals were buried in the chamber and therefore they must have held a 'special' position in society. The assumption was that if an individual born of incest was placed in the chamber, that this practice must have been 'accepted' by society, possibly because it was 'common' among a ruling elite.

A research team, including the University of York and University College Dublin, however, have now shown that there is no corroborating evidence in nearby settlements, dietary practices, or trade, that an elite existed either economically or socially.

Researchers now believe the society at the time was more equal, based on the fact that they appeared to share and exchange resources, as well as live in similar dwellings.

Professor Penny Bickle from the University of York's Department of Archaeology, said: "The evidence all points to a much more collective ethos. There are not wide disparities in diet, houses are relatively flimsy, and all similar to each other.




"There are no large settlement systems or trade mechanisms, and we also don't see production of craft on the scale that we see in other ancient societies such as in Ancient Egypt, where incest was thought to be practiced by the ruling elite.

"We can only begin to understand these monuments and tombs if we examine the social lives or the communities that built and use them, and when we start to do this, this idea of a 'social elite' or a form of royalty starts to appear less likely."

Older than Stonehenge and the Pyramids of Giza, Newgrange is believed to have been built by a farming community that prospered in the Boyne Valley, County Meath, some 5,000 years ago. Newgrange was rediscovered in AD 1699 and its interior had been heavily disturbed prior to its modern excavation in the 1960s, and so researchers question whether this was even the original burial place of the skull fragment, referred to as NG10, dated to 3340 -- 3020 BC.

The genetic clustering in passage tombs, such as at Newgrange, typically reflects very distant biological relationships -- like second cousins or great-great-great-grandparents -- rather than close familial ties. To establish if the tombs were reserved for an elite, researchers say they would expect much closer genetic ties than they have seen at Newgrange.

It is more likely that these tombs were places that reflect family, work, and other social relationships, rather than the mark of an elite family group.

Associate Professor Jessica Smyth, from University College Dublin, said: "People were definitely being selected for burial in passage tombs -- the whole community does not end up in these monuments. However, we don't know the reasons behind this selection, and why they were thought to be special.




"Unlike today, bodies don't tend to be buried 'whole' or 'intact' in this time period. Before they end up in megalithic monuments, bodies are broken down, sometimes cremated and even circulated around their communities."

As so many of the dead found in these passage tombs were broken down and mixed with cremated remains, and possibly moved around to different places in the landscape, it is not clear the people who placed NG10 fragment in Newgrange knew who they were in life or who the parents of this individual were, casting further doubt on how 'special' the individual might have been.

Professor Penny Bickle said: "It is by no means clear that the monument was the first burial site of NG10 and the tomb grew in stages, so tracing who this individual was is a very difficult task indeed. As it stands the incestuous origins of NG10 is a one-off compared to all of the DNA data we have for Neolithic Ireland.

"There are still many questions to solve here, but building this picture means looking at the monument together with the society that was built up around it, and from this, we get a step closer to understanding a community that was much more inclusive and equal than previously thought."

The research is published in the journal Antiquity.
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123,000-year-old coral fossils warn of sudden, catastrophic sea-level rise | ScienceDaily
Coastal planners take heed: Newly uncovered evidence from fossil corals found on an island chain in the Indian Ocean suggests that sea levels could rise even more steeply in our warming world than previously thought.


						
"This is not good news for us as we head into the future," says Andrea Dutton, a professor of geoscience at the University of Wisconsin-Madison. Dutton and her PhD student Karen Vyverberg at the University of Florida led an international collaboration that included researchers from University of Sydney, University of Minnesota Twin Cities, Victoria University of Wellington and University of Massachusetts Amherst who analyzed fossilized corals discovered in the Seychelles islands.

These particular fossils provided an exceptional opportunity for the researchers to reconstruct past sea levels. That's in part because they're remnants of coral species that only live in shallows very near the sea surface. Their tropical location also means they were far away from any past ice sheets, which have a more pronounced effect on local sea levels.

By determining the ages of two dozen fossil corals from various elevations on the islands and analyzing the sediments around the fossils, the team gathered a wealth of insights. The findings will be published June 13 in the journal Science Advances.

First, the team was able to confirm the timing of peak global sea levels to between 122 and 123,000 years ago. That was during a period known as the Last Interglacial, when global temperatures were actually very similar to what they are now. Such a precise date gives us a better understanding of the relationship between global climate and sea levels.

Perhaps more importantly, though, the researchers discovered that there were three distinct periods of sudden and sharp sea-level rise over the 6,000 years leading up to peak sea levels during the Last Interglacial. These abrupt pulses of sea-level rise were punctuated by periods of falling seas, and Dutton says they point to times when the polar ice sheets in Greenland and Antarctica -- thousands of miles away from the Seychelles islands -- were changing rapidly.

"That says there's potential for this very rapid, dynamic change in both ice sheet volume and sea level change," says Dutton. "This is hugely important for coastal planners, policy makers and those in the business of risk management."

These rises and falls in sea level that the team documented also point to a key difference between the present and the Last Interglacial, which is sometimes used as a model for understanding how the current and future climate could affect ice sheets and sea levels due to the similar temperatures between the two time periods.




"These swings suggest that the polar ice sheets were growing and shrinking out of phase with each other as a result of temperature changes in the two hemispheres that were also not aligned," says Dutton. "So even though sea level rose at least several meters higher than present during this past warm period, if temperature rises simultaneously in both hemispheres as it is today, then we can expect future sea level rise to be even greater than it was back then."

The researchers made one more sobering observation: One of the sharp pulses of sea-level rise they identified occurred at about the same time that the last remnants of a massive ice sheet in North America were likely collapsing, according to evidence collected by other teams working in the Atlantic Ocean.

While there's no large North American ice sheet today, Dutton says this finding has important implications for understanding the dynamics of other present day ice sheets. That's because most scientists have not previously considered a North American ice sheet as a major factor in sea-level dynamics during the Last Interglacial.

"But if ice was still present in North America several thousand years into this past warm period, then some of the rise we've documented would have required more meltwater from another ice sheet, such as Antarctica," says Dutton. "This would suggest that Antarctica was even more sensitive to warming than we previously recognized, because the full extent of sea-level rise flowing from the continent was masked by a remnant ice sheet in North America."

In its totality, Dutton says the new evidence, thanks to fossilized corals from thousands of years ago suggests that sea levels could rise even faster and higher thanks to climate change than current projections indicate.

"We could be looking at upward of 10 meters of global average sea-level rise in the future just based on the amount of warming that has already occurred," she says.




The good news, as Dutton sees it, is that society has the means to blunt the impact of climate change on sea levels.

"The more we do to draw down our greenhouse gas emissions, and the faster we do so, could prevent the worst scenarios from becoming our lived reality," Dutton says.

This research received funding from the National Science Foundation (grant awards 1155495, 1159040, 1934477, 2035080 and 2202913).
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From cursed tomb fungus to cancer cure: Aspergillus flavus yields potent new drug | ScienceDaily
Penn-led researchers have turned a deadly fungus into a potent cancer-fighting compound. After isolating a new class of molecules from Aspergillus flavus, a toxic crop fungus linked to deaths in the excavations of ancient tombs, the researchers modified the chemicals and tested them against leukemia cells. The result? A promising cancer-killing compound that rivals FDA-approved drugs and opens up new frontiers in the discovery of more fungal medicines.


						
"Fungi gave us penicillin," says Sherry Gao, Presidential Penn Compact Associate Professor in Chemical and Biomolecular Engineering (CBE) and in Bioengineering (BE) and senior author of a new paper in Nature Chemical Biologyon the findings. "These results show that many more medicines derived from natural products remain to be found."

From Curse to Cure

Aspergillus flavus, named for its yellow spores, has long been a microbial villain. After archaeologists opened King Tutankhamun's tomb in the 1920s, a series of untimely deaths among the excavation team fueled rumors of a pharaoh's curse. Decades later, doctors theorized that fungal spores, dormant for millennia, could have played a role.

In the 1970s, a dozen scientists entered the tomb of Casimir IV in Poland. Within weeks, 10 of them died. Later investigations revealed the tomb contained A. flavus, whose toxins can lead to lung infections, especially in people with compromised immune systems.

Now, that same fungus is the unlikely source of a promising new cancer therapy.

A Rare Fungal Find

The therapy in question is a class of ribosomally synthesized and post-translationally modified peptides, or RiPPs, pronounced like the "rip" in a piece of fabric. The name refers to how the compound is produced -- by the ribosome, a tiny cellular structure that makes proteins -- and the fact that it is modified later, in this case, to enhance its cancer-killing properties.




"Purifying these chemicals is difficult," says Qiuyue Nie, a postdoctoral fellow in CBE and the paper's first author. While thousands of RiPPs have been identified in bacteria, only a handful have been found in fungi. In part, this is because past researchers misidentified fungal RiPPs as non-ribosomal peptides and had little understanding of how fungi created the molecules. "The synthesis of these compounds is complicated," adds Nie. "But that's also what gives them this remarkable bioactivity."

Hunting for Chemicals

To find more fungal RiPPs, the researchers first scanned a dozen strains of Aspergillus, which previous research suggested might contain more of the chemicals.

By comparing chemicals produced by these strains with known RiPP building blocks, the researchers identified A. flavus as a promising candidate for further study.

Genetic analysis pointed to a particular protein in A. flavus as a source of fungal RiPPs. When the researchers turned the genes that create that protein off, the chemical markers indicating the presence of RiPPs also disappeared.

This novel approach -- combining metabolic and genetic information -- not only pinpointed the source of fungal RiPPs in A. flavus, but could be used to find more fungal RiPPs in the future.




A Potent New Medicine

After purifying four different RiPPs, the researchers found the molecules shared a unique structure of interlocking rings. The researchers named these molecules, which have never been previously described, after the fungus in which they were found: asperigimycins.

Even with no modification, when mixed with human cancer cells, asperigimycins demonstrated medical potential: two of the four variants had potent effects against leukemia cells.

Another variant, to which the researchers added a lipid, or fatty molecule, that is also found in the royal jelly that nourishes developing bees, performed as well as cytarabine and daunorubicin, two FDA-approved drugs that have been used for decades to treat leukemia.

Cracking the Code of Cell Entry

To understand why lipids enhanced asperigimycins' potency, the researchers selectively turned genes on and off in the leukemia cells. One gene, SLC46A3, proved critical in allowing asperigimycins to enter leukemia cells in sufficient numbers.

That gene helps materials exit lysosomes, the tiny sacs that collect foreign materials entering human cells. "This gene acts like a gateway," says Nie. "It doesn't just help asperigimycins get into cells, it may also enable other 'cyclic peptides' to do the same."

Like asperigimycins, those chemicals have medicinal properties -- nearly two dozen cyclic peptides have received clinical approval since 2000 to treat diseases as varied as cancer and lupus -- but many of them need modification to enter cells in sufficient quantities.

"Knowing that lipids can affect how this gene transports chemicals into cells gives us another tool for drug development," says Nie.

Disrupting Cell Division

Through further experimentation, the researchers found that asperigimycins likely disrupt the process of cell division. "Cancer cells divide uncontrollably," says Gao. "These compounds block the formation of microtubules, which are essential for cell division."

Notably, the compounds had little to no effect on breast, liver or lung cancer cells -- or a range of bacteria and fungi -- suggesting that asperigimycins' disruptive effects are specific to certain types of cells, a critical feature for any future medication.

Future Directions

In addition to demonstrating the medical potential of asperigimycins, the researchers identified similar clusters of genes in other fungi, suggesting that more fungal RiPPS remain to be discovered. "Even though only a few have been found, almost all of them have strong bioactivity," says Nie. "This is an unexplored region with tremendous potential."

The next step is to test asperigimycins in animal models, with the hope of one day moving to human clinical trials. "Nature has given us this incredible pharmacy," says Gao. "It's up to us to uncover its secrets. As engineers, we're excited to keep exploring, learning from nature and using that knowledge to design better solutions."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science; Rice University; the University of Pittsburgh; The University of Texas MD Anderson Cancer Center; Washington University School of Medicine, St. Louis; Baylor College of Medicine and the University of Porto. 

The study was supported by the U.S. National Institutes of Health (R35GM138207, R35CA274235, R35GM128779), the University of Pennsylvania, the Welch Foundation (C-2033-20200401), the Houston Area Molecular Biophysics Program (NIH Grant T32 GM008280), the Cancer Prevention and Research Institute of Texas (RR220087, RR210029) and the National Science Foundation (OAC-2117681, OAC-1928147, OAC-1928224). 

Additional co-authors include Fanglong Zhao, Xuerong Yu, Caleb Chang, Rory Sharkey, Bryce Kille, Hongzi Zheng, Kevin Yang, Alan Du, Todd Treangen, Yang Gao and Hans Renata of Rice University; Chunxiao Sun and Shuai Liu of Penn Engineering and Rice; Siting Li and Junjie Chen of MD Anderson; Mithun C. Madhusudhanan and Peng Liu of Pitt; Sandipan Roy Chowdhury, Dongyin Guan, Jin Wang, Xin Yu and Dishu Zhou of Baylor; Maria Zotova and Zichen Hu of Penn Engineering; Sandra A. Figueiredo and Pedro N. Leao of the University of Porto; and Andy Xu and Rui Tang of Wash U, St. Louis.
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Rice University breakthrough keeps CO2 electrolyzers running 50x longer | ScienceDaily
A team of researchers at Rice University have discovered a surprisingly simple method for vastly improving the stability of electrochemical devices that convert carbon dioxide into useful fuels and chemicals, and it involves nothing more than sending the CO2 through an acid bubbler.


						
Their study, published in Science, addresses a major bottleneck in the performance and stability of CO2 reduction systems: the buildup of salt that clogs gas flow channels, reduces efficiency and causes the devices to fail prematurely. Using a technique they call acid-humidified CO2, the researchers extended the operational life of a CO2 reduction system more than 50-fold, demonstrating more than 4,500 hours of stable operation in a scaled-up reactor -- a milestone for the field.

Electrochemical CO2 reduction, or CO2RR, is an emerging green technology that uses electricity, ideally from renewable sources, to transform climate-warming CO2 into valuable products like carbon monoxide, ethylene or alcohols. These products can be further refined into fuels or used in industrial processes, potentially turning a major pollutant into a feedstock.

However, practical implementation has been hindered by poor system stability. One persistent issue is the accumulation of potassium bicarbonate salts in the gas flow channels, which occurs when potassium ions migrate from the anolyte across the anion exchange membrane to the cathode reaction zone and combine with CO2 under high pH conditions.

"Salt precipitation blocks CO2 transport and floods the gas diffusion electrode, which leads to performance failure," said Haotian Wang , the corresponding author of the study and associate professor of chemical and biomolecular engineering, materials science and nanoengineering and chemistry at Rice. "This typically happens within a few hundred hours, which is far from commercial viability."

To combat this, the Rice team tried an elegant twist on a standard procedure. Instead of using water to humidify the CO2 gas input into the reactor, they bubbled the gas through an acid solution such as hydrochloric, formic or acetic acid.

The vapor from the acid is carried into the cathode reaction chamber in trace amounts, just enough to alter the local chemistry. Because the salts formed with these acids are much more soluble than potassium bicarbonate, they don't crystallize and block the channels.




The effect was dramatic. In tests using a silver catalyst -- a common benchmark for converting CO2 to carbon monoxide -- the system operated stably for over 2,000 hours in a lab-scale device and more than 4,500 hours in a 100-square-centimeter, scaled-up electrolyzer. In contrast, systems using standard water-humidified CO2 failed after about 80 hours because of salt buildup.

Importantly, the acid-humidified method proved effective across multiple catalyst types, including zinc oxide, copper oxide and bismuth oxide, all of which are used to target different CO2RR products. The researchers also demonstrated that the method could be scaled without compromising performance with large-scale devices maintaining energy efficiency and avoiding salt blockage over extended periods.

They observed minimal corrosion or damage to the anion exchange membranes that are typically sensitive to chloride by keeping the acid concentrations low. The approach was also shown to be compatible with commonly used membranes and materials, reinforcing its potential for integration into existing systems.

To observe salt formation in real time, the team used custom-built reactors with transparent flow plates. Under conventional water humidification, salt crystals began forming within 48 hours. With acid-humidified CO2, however, no significant crystal accumulation was observed even after hundreds of hours, and any small deposits were eventually dissolved and carried out of the system.

"Using the traditional method of water-humidified CO2 could lead to salt formation in the cathode gas flow channels," said co-first author Shaoyun Hao, postdoctoral research associate in chemical and biomolecular engineering at Rice. "We hypothesized -- and confirmed -- that acid vapor could dissolve the salt and convert the low solubility KHCO3 into salt with higher solubility, thus shifting the solubility balance just enough to avoid clogging without affecting catalyst performance."

The work opens the door to more durable, scalable CO2 electrolyzers, a critical need if the technology is to be deployed at industrial scales as part of carbon capture and utilization strategies. The simplicity of the approach, involving only small tweaks to existing humidification setups, means it can be adopted without significant redesigns or added costs.

"This is a major finding for CO2 electrolysis," said Ahmad Elgazzar, co-first author and graduate student in chemical and biomolecular engineering at Rice. "Our method addresses a long-standing obstacle with a low-cost, easily implementable solution. It's a step toward making carbon utilization technologies more commercially viable and more sustainable."

This work was supported by the Robert A. Welch Foundation, Rice, the National Science Foundation and the David and Lucile Packard Foundation.
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Scientists create living building material that captures CO2 from the air | ScienceDaily
The idea seems futuristic: At ETH Zurich, various disciplines are working together to combine conventional materials with bacteria, algae and fungi. The common goal: to create living materials that acquire useful properties thanks to the metabolism of microorganisms -- "such as the ability to bind CO2 from the air by means of photosynthesis," says Mark Tibbitt, Professor of Macromolecular Engineering at ETH Zurich.


						
An interdisciplinary research team led by Tibbitt has now turned this vision into reality: it has stably incorporated photosynthetic bacteria -- known as cyanobacteria -- into a printable gel and developed a material that is alive, grows and actively removes carbon from the air. The researchers recently presented their "photosynthetic living material" in a study in the journal Nature Communications.

Key characteristic: Dual carbon sequestration

The material can be shaped using 3D printing and only requires sunlight and artificial seawater with readily available nutrients in addition to CO2 to grow. "As a building material, it could help to store CO2 directly in buildings in the future," says Tibbitt, who co-initiated the research into living materials at ETH Zurich.

The special thing about it: the living material absorbs much more CO2 than it binds through organic growth. "This is because the material can store carbon not only in biomass, but also in the form of minerals -- a special property of these cyanobacteria," reveals Tibbitt.

Yifan Cui, one of the two lead authors of the study, explains: "Cyanobacteria are among the oldest life forms in the world. They are highly efficient at photosynthesis and can utilize even the weakest light to produce biomass from CO2 and water."

At the same time, the bacteria change their chemical environment outside the cell as a result of photosynthesis, so that solid carbonates (such as lime) precipitate. These minerals represent an additional carbon sink and -- in contrast to biomass -- store CO2 in a more stable form.




Cyanobacteria as master builders

"We utilize this ability specifically in our material," says Cui, who is a doctoral student in Tibbitt's research group. A practical side effect: the minerals are deposited inside the material and reinforce it mechanically. In this way, the cyanobacteria slowly harden the initially soft structures.

Laboratory tests showed that the material continuously binds CO2 over a period of 400 days, most of it in mineral form -- around 26 milligrams of CO2 per gram of material. This is significantly more than many biological approaches and comparable to the chemical mineralization of recycled concrete (around 7 mg CO2 per gram).

Hydrogel as a habitat

The carrier material that harbours the living cells is a hydrogel -- a gel made of cross-linked polymers with a high water content. Tibbitt's team selected the polymer network so that it can transport light, CO2, water and nutrients and allows the cells to spread evenly inside without leaving the material.

To ensure that the cyanobacteria live as long as possible and remain efficient, the researchers have also optimised the geometry of the structures using 3D printing processes to increase the surface area, increase light penetration and promote the flow of nutrients.




Co-first author Dalia Dranseike: "In this way, we created structures that enable light penetration and passively distribute nutrient fluid throughout the body by capillary forces." Thanks to this design, the encapsulated cyanobacteria lived productively for more than a year, the materials researcher in Tibbitt's team is pleased to report.

Infrastructure as a carbon sink

The researchers see their living material as a low-energy and environmentally friendly approach that can bind CO2 from the atmosphere and supplement existing chemical processes for carbon sequestration. "In the future, we want to investigate how the material can be used as a coating for building facades to bind CO2 throughout the entire life cycle of a building," Tibbitt looks ahead.

There is still a long way to go -- but colleagues from the field of architecture have already taken up the concept and realised initial interpretations in an experimental way.

Two installations in Venice and Milan

Thanks to ETH doctoral student Andrea Shin Ling, basic research from the ETH laboratories has made it onto the big stage at the Architecture Biennale in Venice. "It was particularly challenging to scale up the production process from laboratory format to room dimensions," says the architect and bio-designer, who is also involved in this study.

Ling is doing her doctorate at ETH Professor Benjamin Dillenburger's Chair of Digital Building Technologies. In her dissertation, she developed a platform for biofabrication that can print living structures containing functional cyanobacteria on an architectural scale.

For the Picoplanktonics installation in the Canada Pavilion, the project team used the printed structures as living building blocks to construct two tree-trunk-like objects, the largest around three metres high. Thanks to the cyanobacteria, these can each bind up to 18 kg of CO2 per year -- about as much as a 20-year-old pine tree in the temperate zone.

"The installation is an experiment -- we have adapted the Canada Pavilion so that it provides enough light, humidity and warmth for the cyanobacteria to thrive and then we watch how they behave," says Ling. This is a commitment: The team monitors and maintains the installation on site -- daily. Until November 23.

At the 24th Triennale di Milano, Dafne's Skin is investigating the potential of living materials for future building envelopes. On a structure covered with wooden shingles, microorganisms form a deep green patina that changes the wood over time: A sign of decay becomes an active design element that binds CO2 and emphasises the aesthetics of microbial processes. Dafne's Skin is a collaboration between MAEID Studio and Dalia Dranseike. It is part of the exhibition "We the Bacteria: Notes Toward Biotic Architecture" and runs until November 9.

The photosynthetic living material was created thanks to an interdisciplinary collaboration within the framework of ALIVE (Advanced Engineering with Living Materials). The ETH Zurich initiative promotes collaboration between researchers from different disciplines in order to develop new living materials for a wide range of applications.
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Plants' secret second roots rewrite the climate playbook | ScienceDaily
Plants and trees extend their roots into the earth in order to draw nutrients and water from the soil -- however, these roots are thought to decline as they move deeper underground. But a new study by a multi-institutional team of scientists shows that many plants develop a second, deeper layer of roots -- often more than three feet underground -- to access additional nourishment.


						
Published in the journal Nature Communications, the study reveals previously unrecognized rooting patterns, altering our understanding of how ecosystems

respond to changing environmental conditions. More importantly, the study suggests that plants might transport and store fixed carbon deeper than currently thought -- welcome news at a time when CO2 levels are at an 800,000-year high, according to the World Meteorological Organization's "State of the Global Climate Report" issued in March.

"Understanding where plants grow roots is vital, as deeper roots could mean safer and longer-term carbon storage. Harsher conditions at depth may prevent detritus-feeding microbes from releasing carbon back to the atmosphere," says Mingzhen Lu, an assistant professor at New York University's Department of Environmental Studies and the paper's lead author. "Our current ecological observations and models typically stop at shallow depths; by not looking deep enough, we may have overlooked a natural carbon storage mechanism deep underground."

The research team used data from the National Ecological Observatory Network (NEON) to examine rooting depth. The NEON database includes samples collected from soil 6.5 feet below the surface, far deeper than the one-foot depth of traditional ecological studies. This unprecedented depth allowed researchers to detect additional root patterns, spanning diverse climate zones and ecosystem types from the Alaskan tundra to Puerto Rico's rainforests.

The scientists' work focused on three questions -- all with the aim of better understanding plants' resource acquisition strategies and their resilience in response to environmental change:
    	How does the abundance of roots change with depth?
    	What are the factors that impact the distribution of roots with depth?
    	Are nutrients in deeper soils equally, under-, or over-exploited by fine roots compared with surface soil?

The researchers found that nearly 20 percent of the studied ecosystems had roots that peaked twice across depth -- a phenomenon called "bimodality." In these cases, plants developed a second, deeper layer of roots, often more than three feet underground and aligning with nutrient-rich soil layers.This suggests that plants grew -- in previously unknown ways -- to exploit additional sustenance.




"The current understanding of roots is literally too shallow. Above ground, we have eagle vision -- thanks to satellites and remote sensing. But below ground, we have mole vision," observes Lu, former Omidyar Fellow who conducted part of this research at the Sante Fe Institute and as a postdoctoral affiliate at Stanford University. "Our limited below ground vision means that we cannot estimate the full ability of plants to store carbon deep in the soil."

"Deep plant roots may cause increased soil carbon storage in one condition or lead to losses in other conditions due to a stimulation of soil microbes," suggests coauthor Avni Malhotra, the lead author of a companion study that investigated the connection between root distribution and soil carbon stock. "This discovery opens a new avenue of inquiry into how bimodal rooting patterns impact the dynamics of nutrient flow, water cycling, and the long-term capacity of soils to store carbon."

"Scientists and policymakers need to look deeper beneath the Earth's surface as these overlooked deep soil layers may hold critical keys for understanding and managing ecosystems in a rapidly changing climate," concludes Lu. "The good news is plants may already be naturally mitigating climate change more actively than we've realized -- we just need to dig deeper to fully understand their potential."

The study also included researchers from Boston College, Columbia University, Dartmouth College, the Morton Arboretum, the National Ecological Observatory Network-Battelle, Pacific Northwest National Laboratory, and Stanford University.
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Hydrogen fuel at half the cost? Scientists reveal a game-changing catalyst | ScienceDaily
To reduce greenhouse gas emissions and combat climate change, the world urgently needs clean and renewable energy sources. Hydrogen is one such clean energy source that has zero carbon content and stores much more energy by weight than gasoline. One promising method to produce hydrogen is electrochemical water-splitting, a process that uses electricity to break down water into hydrogen and oxygen. In combination with renewable energy sources, this method offers a sustainable way to produce hydrogen and can contribute to the reduction of greenhouse gases.


						
Unfortunately, large-scale production of hydrogen using this method is currently unfeasible due to the need for catalysts made from expensive rare earth metals. Consequently, researchers are exploring more affordable electrocatalysts, such as those made from diverse transition metals and compounds. Among these, transition metal phosphides (TMPs) have attracted considerable attention as catalysts for the hydrogen generating side of the process, known as hydrogen evolution reaction (HER), due to their favorable properties. However, they perform poorly in the oxygen evolution reaction (OER), which reduces overall efficiency. Previous studies suggest that Boron (B)-doping into TMPs can enhance both HER and OER performance, but until now, making such materials has been a challenge.

In a recent breakthrough, a research team led by Professor Seunghyun Lee, including Mr. Dun Chan Cha, from the Hanyang University ERICA campus in South Korea, has developed a new type of tunable electrocatalyst using B-doped cobalt phosphide (CoP) nanosheets. Prof. Lee explains, "We have successfully developed cobalt phosphides-based nanomaterials by adjusting boron doping and phosphorus content using metal-organic frameworks. These materials have better performance and lower cost than conventional electrocatalysts, making them suitable for large-scale hydrogen production." Their study was published in the journal Small on March 19, 2025.

The researchers used an innovative strategy to create these materials, using cobalt (Co) based metal-organic frameworks (MOFs). "MOFs are excellent precursors for designing and synthesizing nanomaterials with the required composition and structures," notes Mr. Cha. First, they grew Co-MOFs on nickel foam (NF). They then subjected this material to a post-synthesis modification (PSM) reaction with sodium borohydride (NaBH4), resulting in the integration of B. This was followed up by a phosphorization process using different amounts of sodium hypophosphite (NaH2PO2), resulting in the formation of three different samples of B-doped cobalt phosphide nanosheets (B-CoP@NC/NF).

Experiments revealed that all three samples had a large surface area and a mesoporous structure, key features that improve electrocatalytic activity. As a result, all three samples exhibited excellent OER and HER performance, with the sample made using 0.5 grams of NaH2PO2 (B-CoP0.5@NC/NF) demonstrating the best results. Interestingly, this sample exhibited overpotentials of 248 and 95 mV for OER and HER, respectively, much lower than previously reported electrocatalysts.

An alkaline electrolyzer developed using the B-CoP0.5@NC/NF electrodes showed a cell potential of just 1.59 V at a current density of 10 mA cm-2, lower than many recent electrolyzers. Additionally, at high current densities above 50 mA cm-2, it even outperformed the state-of-the-art RuO2/NF(+) and 20% Pt-C/NF([?]) electrolyzer, while also demonstrating long-term stability, maintaining its performance for over 100 hours.

Density functional theory (DFT) calculations supported these findings and clarified the role of B-doping and adjusting P content. Specifically, B-doping and optimal P content led to effective interaction with reaction intermediates, leading to exceptional electrocatalytic performance.

"Our findings offer a blueprint for designing and synthesizing next-generation high-efficiency catalysts that can drastically reduce hydrogen production costs," says Prof. Lee. "This is an important step towards making large-scale green hydrogen production a reality, which will ultimately help in reducing global carbon emissions and mitigating climate change.
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Gravity, flipped: How tiny, porous particles sink faster in ocean snowstorms | ScienceDaily
The deep ocean can often look like a real-life snow globe. As organic particles from plant and animal matter on the surface sink downward, they combine with dust and other material to create "marine snow," a beautiful display of ocean weather that plays a crucial role in cycling carbon and other nutrients through the world's oceans.


						
Now, researchers from Brown University and the University of North Carolina at Chapel Hill have found surprising new insights into how particles sink in stratified fluids like oceans, where the density of the fluid changes with depth. In a study published in Proceedings of the National Academy of Sciences, they show that the speed at which particles sink is determined not only by resistive drag forces from the fluid, but by the rate at which they can absorb salt relative to their volume.

"It basically means that smaller particles can sink faster than bigger ones," said Robert Hunt, a postdoctoral researcher in Brown's School of Engineering who led the work. "That's exactly the opposite of what you'd expect in a fluid that has uniform density."

The researchers hope the new insights could aid in understanding the ocean nutrient cycle, as well as the settling of other porous particulates including microplastics.

"We ended up with a pretty simple formula where you can plug in estimates for different parameters -- the size of the particles or speed at which the liquid density changes -- and get reasonable estimates of the sinking speed," said Daniel Harris, an associate professor of engineering at Brown who oversaw the work. "There's value in having predictive power that's readily accessible."

The study grew out of prior work by Hunt and Harris investigating neutrally buoyant particles -- those that sink to a certain depth and then stop. Hunt noticed some strange behavior that seemed to be related to the porosity of the particles.

"We were testing a theory under the assumption that these particles would remain neutrally buoyant," Hunt said. "But when we observed them, they kept sinking, which was actually kind of frustrating."

That led to a new theoretical model of how porosity -- specifically, the ability to absorb salt -- would affect the rate at which they sunk. The model predicts that the more salt a particle can absorb relative to its size, the faster it sinks. That means, somewhat counterintuitively, that small porous particles sink faster than larger ones.




To test the model, the researchers developed a way to make a linearly stratified body of water in which the density of the liquid increased gradually with depth. To do that, they fed a large tub with water sourced from two smaller tubs, one with fresh water and the other with salt water. Controllable pumps from each tub enabled them to carefully control the density profile of the larger tub.

Using 3D-printed molds, the team then created particles of varying shapes and sizes made from agar, a gelatinous material derived from seaweed. Cameras imaged individual particles as they sank.

The experiments confirmed the predictions of the model. For spherical particles, smaller ones tended to sink faster. For thinner or flatter particles, their settling speed was primarily determined by their smallest dimension. That means that elongated particles actually sink faster than spherical ones of the same volume.

The results are surprising, the researchers said, and could provide important insights into how particles settle in more complex ecological settings -- either for understanding natural carbon cycling or for engineering ways of speeding up carbon capture in large bodies of water.

"We're not trying to replicate full oceanic conditions," Harris said. "The approach in our lab is to boil things down to their simplest form and think about the fundamental physics involved in these complex phenomena. Then we can work back and forth with people measuring these things in the field to understand where these fundamentals are relevant."

Harris says he hopes to connect with oceanographers and climate scientists to see what insights these new findings might provide.

Other co-authors of the research were Roberto Camassa and Richard McLaughlin from UNC Chappel Hill. The research was funded by the National Science Foundation (DMS-1909521, DMS-1910824, DMS-2308063) and the Office of Naval Research (N00014-18-1-2490 and N00014-23-1-2478).
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The Atlantic's chilling secret: A century of data reveals ocean current collapse | ScienceDaily
For more than a century, a patch of cold water south of Greenland has resisted the Atlantic Ocean's overall warming, fueling debate amongst scientists. A new study identifies the cause as the long-term weakening of a major ocean circulation system.


						
Researchers from the University of California, Riverside show that only one explanation fits both observed ocean temperatures and salinity patterns: the Atlantic Meridional Overturning Circulation, or AMOC, is slowing down. This massive current system helps regulate climate by moving warm, salty water northward and cooler water southward at depth.

"People have been asking why this cold spot exists," said UCR climate scientist Wei Liu, who led the study with doctoral student Kai-Yuan Li. "We found the most likely answer is a weakening AMOC."

The AMOC acts like a giant conveyor belt, delivering heat and salt from the tropics to the North Atlantic. A slowdown in this system means less warm, salty water reaches the sub-polar region, resulting in the cooling and freshening observed south of Greenland.

When the current slows, less heat and salt reach the North Atlantic, leading to cooler, fresher surface waters. This is why salinity and temperature data can be used to understand the strength of the AMOC.

Liu and Li analyzed a century's worth of this data, as direct AMOC observations go back only about 20 years. From these long-term records, they reconstructed changes in the circulation system and compared those with nearly 100 different climate models.

As the paper published in Communications Earth & Environment shows, only the models simulating a weakened AMOC matched the real-world data. Models that assumed a stronger circulation didn't come close.




"It's a very robust correlation," Li said. "If you look at the observations and compare them with all the simulations, only the weakened-AMOC scenario reproduces the cooling in this one region."

The study also found that the weakening of the AMOC correlates with decreased salinity. This is another clear sign that less warm, salty water is being transported northward.

The consequences are broad. The South Greenland anomaly matters not just because it's unusual, but because it's one of the most sensitive regions to changes in ocean circulation. It affects weather patterns across Europe, altering rainfall and shifting the jet stream, which is a high-altitude air current that steers weather systems and helps regulate temperatures across North America and Europe.

The slowdown may also disturb marine ecosystems, as changes in salinity and temperature influence where species can live.

This result may help settle a dispute amongst climate modelers about whether the South Greenland cooling is driven primarily by ocean dynamics or by atmospheric factors such as aerosol pollution. Many newer models suggested the latter, predicting a strengthened AMOC due to declining aerosol emissions. But those models failed to recreate the actual, observed cooling.

"Our results show that only the models with a weakening AMOC get it right," Liu said. "That means many of the recent models are too sensitive to aerosol changes, and less accurate for this region."

By resolving that mismatch, the study strengthens future climate forecasts, especially those concerning Europe, where the influence of the AMOC is most pronounced.




The study also highlights the ability to draw clear conclusions from indirect evidence. With limited direct data on the AMOC, temperature and salinity records provide a valuable alternative for detecting long-term change, and for helping to predict future climate scenarios.

"We don't have direct observations going back a century, but the temperature and salinity data let us see the past clearly," Li said. "This work shows the AMOC has been weakening for more than a century, and that trend is likely to continue if greenhouse gases keep rising."

As the climate system shifts, the South Greenland cold spot may grow in influence. The hope is that by unlocking its origins, scientists can better prepare societies for what lies ahead.

"The technique we used is a powerful way to understand how the system has changed, and where it is likely headed if greenhouse gases keep rising," Li said.
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Photon-powered alchemy: How light is rewriting fossil fuel chemistry | ScienceDaily

The work is led at CSU by professors Garret Miyake and Robert Paton from the Department of Chemistry and the Center for Sustainable Photoredox Catalysis (SuPRCat). Their system - inspired by photosynthesis - uses visible light to gently alter the properties of chemical compounds. It does this by exposing them to two separate photons (light particles) to generate energy needed for the desired reactions. A single photon does not normally carry enough energy for these processes, said Miyake. By combining energy from two light particles, the team's system can perform super-reducing reactions - chemical changes that require a lot of energy to break tough bonds or add electrons - easily.

Miyake said their system was tested on a group of chemical compounds called aromatic hydrocarbons - otherwise known as arenes. These compounds are usually resistant to change.

"This technology is the most efficient system currently available for reducing arenes - such as benzene in fossil fuels - for the production of chemicals needed for plastics and medicine," Miyake said. "Usually generating these reactions is difficult and energy intensive because the original bonds are so strong."

The research continues work being done through the U.S. National Science Foundation Center for Sustainable Photoredox Catalysis at CSU. Miyake is the director of that multi-institution research effort to transform chemical synthesis processes across many uses.

Katharine Covert, program director for the NSF Centers for Chemical Innovation program, which supported this research, said photoredox catalysis has become indispensable for many industries.

"Photoredox catalysis has become indispensable for pharmaceutical development and other industries," said Covert. "Through the NSF Center for Sustainable Photoredox Catalysis, synthetic and computational chemists have teamed up to understand the fundamental chemical nature of how those catalysts function and, in so doing, found a new path that requires less heat and energy."

Miyake said researchers across the center are developing catalysis systems similar to the one described in this paper to support energy efficient production of ammonia for fertilizers, the breakdown of PFAS forever chemicals, and the upcycling of plastics.

"We built an all-star team of chemists to address these challenges and make a more sustainable future for this world," Miyake said. "The world has a timeclock that is expiring, and we must meet the urgent need for developing sustainable technologies before our current ways of doing things puts us to a place that we can't recover from."

CU Boulder Professor Niels Damrauer is also an author on the paper and member of the center. Other CSU authors include Amreen Bains, Brandon Portela, Alexander Green, Anna Wolff and Ludovic Patin.
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Frozen in time: Transparent worms keep genes in sync for 20 million years | ScienceDaily
Two species of worms have retained remarkably similar patterns in the way they switch their genes on and off despite having split from a common ancestor 20 million years ago, a new study finds.


						
The findings appear in the June 19 issue of the journal Science.

"It was just remarkable, with this evolutionary distance, that we should see such coherence in gene expression patterns," said Dr. Robert Waterston, professor of genome sciences at the University of Washington School of Medicine in Seattle and a co-senior author of the paper. "I was surprised how well everything lined up."

Gene expression patterns tended to remain unchanged -- or what evolutionary biologists call conserved -- when a change might affect many cell types, Waterston said.

"If the gene is broadly expressed in many cell types across the organism, it may be difficult to change expression," he said. "But if the gene expression is limited to a single cell type or a few cell types, maybe it can succeed."

When gene expression did diverge between the two worms, the changes were more likely to occur in specialized cell types. For example, expression patterns in cells involved in basic functions like muscle or gut tended to be conserved, while expression patterns in more specialized cells involved in sensing and responding to the worm's environment were more likely to diverge.

"Genes related to neuronal function, for example, seem to diverge more rapidly -- perhaps because changes were needed to adapt to new environments -- but for now, that's speculation," said Christopher R. L. Large, a postdoctoral fellow in the Department of Genetics at the Perelman School of Medicine at the University of Pennsylvania and the paper's lead author. Large earned his Ph.D. in genome sciences from the UW School of Medicine.




In the study, researchers compared gene expression patterns in two soil-dwelling roundworms, Caenorhabditis elegans and Caenorhabditis briggsae. Both species are ideal for studying development: They are small, about a millimeter long; simple, made up of about 550 cells when fully developed; and transparent. These characteristics allow scientists to observe their cells divide and develop in real time. Importantly, these worms share many of their roughly 20,000 genes with more complex organisms, including humans.

All the cells in both worms have been identified and mapped. Despite 20 million years of evolution, the two worms retain nearly identical body plans and cell types, with an almost one-to-one correspondence that makes them ideal subjects for comparison.

The goal of the study was to compare gene expression in every cell type of the two worms to determine what changes had occurred since they split from their common ancestor.

To do this, the researchers measured levels of messenger RNA in every cell at various stages of embryonic development by using a technique called single-cell RNA sequencing.

Messenger RNA, or mRNA, carries the instructions for making proteins from active genes to the cell's protein-making machinery. High levels of mRNA from a gene indicate that it is active. Low levels mean it's inactive.

With the single-cell RNA sequencing technique, the researchers tracked the changes in the individual cells during the worms' embryonic development from when the embryo was a ball of 28 mostly undifferentiated cells to when most cell types had developed into their near final form, a process that takes about 12 hours

"We've been studying the evolution of development since the 1970s," said Dr. Junhyong Kim, professor of biology and director of the Penn Genome Frontiers Institute, a co-senior author of the study. "But this is the first time that we've been able to compare development in every single cell of two different organisms."




Kim said the finding that some gene expression was conserved wasn't surprising, because of how similar the worms' bodies are. But it was surprising that when there were changes, those changes appeared to have no effect on the body plan.

The study describes where and when gene expression patterns differ between the species but doesn't yet explain why, said Dr. John Isaac Murray, associate professor of genetics at the Perelman School of Medicine and the study's third senior author.

"It's hard to say whether any of the differences we observed were due to evolutionary adaptation or simply the result of genetic drift, where changes happen randomly," he said. "But this approach will allow us to explore many unanswered questions about evolution."

This study was supported by the National Institutes of Health (HD105819, HG010478, HG007355) and the National Sciences Foundation (PRFB2305513).
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Hidden carbon giants: Satellite data reveals a 40-year Arctic peatland surge | ScienceDaily
Peatlands across the Arctic are expanding as the climate warms, new research shows.


						
Scientists used satellite data, drones and on-the-ground observations to assess the edges of existing peatlands (waterlogged ecosystems that store vast amounts of carbon).

The study - led by the University of Exeter - found peatlands in the European and Canadian Arctic have expanded outwards in the last 40 years.

While this could slow climate change by storing carbon, the researchers warn that extreme future warming could cause widespread loss of peatlands - releasing that carbon and further accelerating the climate crisis.

"The Arctic has warmed faster than the rest of the planet, with average temperatures increasing by about 4degC in the last four decades," said Dr Katherine Crichton.

"This has improved growing conditions for plants, causing 'greening' of the Arctic. We wanted to identify if this greening could be from peatland plant communities.

"We know from paleo records that warmer periods in Earth's history led to more carbon being stored in peatlands.




"Our new study puts these pieces together to examine whether our warming climate is causing peatland expansion - and we find strong evidence that it is."

Peatlands cover just 3% of Earth's surface but they store about 600 billion tons of carbon - more than all the world's forest biomass combined.

The Arctic has large peatland areas but these peter out in the far north, where harsh conditions limit plant growth.

In the new study, researchers examined 16 sites - a range of peatlands in both the low and high Arctic - and compared data from 1985-95 with the last 15-20 years.

They found strong evidence of expansion at more than two thirds of sites (measured by "peak-summer greening" - increased growth of peatland-forming plants at the edges of existing peatlands).

The largest changes were found in places with the highest increases in summer temperature, such as the Norwegian islands of Svalbard.




"Our findings suggest Arctic peatlands are an increasingly important natural carbon sink, at least in the near term," said Professor Karen Anderson, from the Environment and Sustainability Institute on Exeter's Penryn Campus in Cornwall.

"But if temperatures continue to rise, we are likely to see changes in rainfall, and we are not sure how sustainable new or existing peatlands will be. Plus we could see increases of methane emissions at the same time.

"So - while our study gives us some positive news - it does not detract from the urgent need to reduce greenhouse gas emissions and stabilize our climate."

The story behind the study

This study took researchers on an unexpected journey that included COVID lockdowns, polar bear safety training and dragging a canoe overland.

Like many research projects, it started with pilot studies - one extracting and analyzing peatland samples in Canada and Finland, the other testing "remote sensing" with drones and satellites.

The team wanted to combine these to find out how climate change is affecting Arctic peatlands. They started applying for funding in 2013, and got their first rejection in 2015. Two more rejections came the following year. In 2018, they finally got a grant - and the project started in summer 2019.

Dr Crichton used Google Earth Engine to identify possible study sites, and Professor Angela Gallego-Sala went on the first fieldwork expedition - to Svalbard, where she received training on avoiding encounters with hungry polar bears.

With the research finally making progress, COVID lockdowns halted fieldwork and lab work. While this hampered the project, Dr Crichton's computer-based work could continue. "I was still at my desk using Google Earth Engine," she said. "Lockdown didn't make any difference to the work I was doing."

So Dr Crichton continued identifying fieldwork sites, analyzing data and applying for permits - paving the way for fieldwork in Canada in 2021-22. On one of those expeditions, Professor Gallego-Sala stayed at a basic research station on Bylot Island where the washing facility was a "half-frozen lake." She said: "It was light all the time. You could do fieldwork all day long and all night if you wanted to."

From that research station, the team visited remote sites via helicopter. Many sites had no name, and the pilot wanted names in order to arrange pick-ups - so sites got informal names including "Glacial Nirvana" and "Angela's Paradise." At each site, the team extracted peatland cores to learn about the history of the peatland and how it might be changing.

At Salluit in northern Canada, the team had an Inuit guide for expeditions out into the peatland - during which they saw wildlife including black bears and reindeer, and caught fish and mussels for dinner each evening. When the team laid out their plan one day, the guide shrugged and said: "You can go wherever you want." He did not mention that their plan would leave their canoe stuck on a large area of sand at low tide.

The three female researchers had to push the stranded boat overland, while the guide sat in it. "We pushed it a long way through the sand," Professor Gallego-Sala said. "It was pretty tough - but it was also hilarious, and we managed to get it out."

"Meanwhile, I'm still sat at my computer by the way," said Dr Crichton, laughing. But this work provided a crucial component - allowing comparison between peatland cores and long-term satellite data that shows peatland edges getting greener as vegetation spreads.

Professor Gallego-Sala added: "Going out for fieldwork is a short time in comparison to the rest of the work. There is lots of lab work to analyse the samples, then extensive data analysis before the findings can be written into a published paper."

The study is part of a project called Increased Accumulation in Arctic Peatlands (ICAAP), funded by the Natural Environment Research Council.

The paper, published in the journal Communications Earth and Environment, is entitled: "Satellite data indicates recent Arctic peatland expansion with warming."
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Flash floods in the Alps: How climate change is supercharging summer storms | ScienceDaily
Intense, short-lived summer downpours are expected to become both more frequent and more intense across Alpine regions as the climate warms. In a new study, scientists from the University of Lausanne (UNIL) and the University of Padova analyzed data from nearly 300 mountain weather stations and found that a 2degC rise in regional temperature could double the frequency of these extreme events.


						
In June 2018, the city of Lausanne in Switzerland experienced an extreme and short-lived rainfall episode, with 41 millimeters of precipitation falling in just 10 minutes. Large parts of the city were flooded, resulting in estimated damage of 32 million Swiss Francs. These short, extreme events, often causing severe damage to property and posing risks to lives, are still very rare in Switzerland today. However, with the rise in temperatures caused by global warming, they are likely to become more frequent in the future, particularly over the Alpine mountains and their surroundings. Warm air retains more moisture (around 7% more per degree) and intensifies thunderstorm activity. As the Alpine region is warming faster than the global average, it is particularly hard hit. It is therefore urgent to assess the impact of global warming in these regions. In a new study published in npj Climate and Atmospheric Science (a Nature portfolio journal), scientists from UNIL's Faculty of Geosciences and Environment, in collaboration with the University of Padua (UNIPD) have demonstrated that an average temperature rise of 2degC could double the frequency of short-lived summer rainstorms in the Alpine region. With such warming, an intense storm currently expected every 50 years could occur every 25 years in the future.

To obtain these results, the researchers examined data from almost 300 weather stations in the European Alps, spread across Switzerland, Germany, Austria, France, and Italy. They focused on record-breaking rainfall events (lasting from 10 minutes to an hour) between 1991 and 2020, as well as temperatures associated with these storms.

Based on these observations, a statistical model incorporating physics principles has been developed to establish a link between temperature and rainfall frequency, and then to simulate the future frequency of extreme precipitation using regional climate projections. "Our results show that an average temperature rise of 1degC would already be highly problematic," warns Nadav Peleg, researcher at UNIL and first author of the study. "The sudden and massive arrival of large volumes of water prevents the soil from absorbing the excess. This can trigger flash floods and debris flows, leading to infrastructure damage and, in some cases, casualties," he adds. "It is therefore crucial to understand how these events may evolve with climate change in order to plan appropriate adaptation strategies, such as improving urban drainage infrastructure where necessary." Francesco Marra, researcher at UNIPD and one of the main authors of the study adds: "An increase of 1degC is not hypothetical, it is likely to occur in the coming decades. We are already witnessing a tendency for summer storms to intensify, and this trend is only expected to worsen in the years ahead."
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Scientists warn of bat virus just one mutation from infecting humans | ScienceDaily
A group of bat viruses closely related to the deadly Middle East respiratory syndrome coronavirus (MERS-CoV) could be one small mutation away from being capable of spilling over into human populations and potentially causing the next pandemic.


						
A recent study published in the journal Nature Communicationsexamined an understudied group of coronaviruses known as merbecoviruses -- the same viral subgenus that includes MERS-CoV -- to better understand how they infect host cells. The research team, which included scientists at Washington State University, the California Institute of Technology and the University of North Carolina, found that while most merbecoviruses appear unlikely to pose a direct threat to people, one subgroup known as HKU5 possesses concerning traits.

"Merbecoviruses - and HKU5 viruses in particular - really hadn't been looked at much, but our study shows how these viruses infect cells," said Michael Letko, a virologist at WSU's College of Veterinary Medicine who helped to spearhead the study. "What we also found is HKU5 viruses may be only a small step away from being able to spill over into humans."

During the past two decades, scientists have cataloged the genetic sequences of thousands of viruses in wild animals, but, in most cases, little is known about whether these viruses pose a threat to humans. Letko's lab in WSU's Paul G. Allen School for Global Health focuses on closing that gap and identifying potentially dangerous viruses.

For their most recent study, Letko's team targeted merbecoviruses, which have received limited attention apart from MERS-CoV, a zoonotic coronavirus first noted in 2012 that is transmitted from dromedary camels to humans. It causes severe respiratory disease and has a mortality rate of approximately 34%.

Like other coronaviruses, merbecovirusesrely on a spike protein to bind to receptors and invade host cells. Letko's team used virus-like particles containing only the portion of the spike responsible for binding to receptors and tested their ability to infect cells in the lab. While most merbecoviruses appear unlikely to be able to infect humans, HKU5 viruses - which have been found across Asia, Europe, Africa and the Middle East - were shown to use a host receptor known as ACE2, the same used by the more well-known SARS-CoV-2 virus that causes COVID-19. One small difference: HKU5 viruses, for now, can only use the ACE2 gene in bats, but do not use the human version nearly as well.

Examining HKU5 viruses found in Asia where their natural host is the Japanese house bat (Pipistrellus abramus), the researchers demonstrated some mutations in the spike protein that may allow the viruses to bind to ACE2 receptors in other species, including humans. Researchers on another study that came out earlier this year analyzed one HKU5 virus in China that has already been documented to have jumped into minks, showing there is potential for these viruses to cross species-barriers.




"These viruses are so closely related to MERS, so we have to be concerned if they ever infect humans," Letko said. "While there's no evidence they've crossed into people yet, the potential is there -- and that makes them worth watching."

The team also used artificial intelligence to explore the viruses. WSU postdoctoral researcher Victoria Jefferson used a program called AlphaFold 3 to model how the HKU5 spike protein binds to ACE2 at the molecular level, which could help provide a better understanding of how antibodies might block the infection or how the virus could mutate.

Up until this point, such structural analysis required months of lab work and specialized equipment. With AlphaFold, Jefferson generated accurate predictions in minutes. The results matched those recently documented by a research team that used traditional approaches.

Letko noted the study and its methods could be used for future research projects and aid in the development of new vaccines and treatments.

The research was funded through a research project grant from the National Institutes of Health. Jefferson's work was supported by an NIH T32 training grant.
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        This team tried to cross 140 miles of treacherous ocean like stone-age humans--and it worked
        Experiments and simulations show Paleolithic paddlers could outwit the powerful Kuroshio Current by launching dugout canoes from northern Taiwan and steering southeast toward Okinawa. A modern crew proved it, carving a Stone-Age-style canoe, then paddling 225 km in 45 hours guided only by celestial cues--demonstrating our ancestors' daring and mastery of the sea.

      

      
        Farming without famine: Ancient Andean innovation rewrites agricultural origins
        Farming didn t emerge in the Andes due to crisis or scarcity it was a savvy and resilient evolution. Ancient diets remained stable for millennia, blending wild and domesticated foods while cultural innovations like trade and ceramics helped smooth the transition.

      

      
        Scientists reprogram ant behavior using brain molecules
        Leafcutter ants live in highly organized colonies where every ant has a job, and now researchers can flip those jobs like a switch. By manipulating just two neuropeptides, scientists can turn defenders into nurses or gardeners into leaf harvesters. These same molecular signals echo in naked mole-rats, revealing a deep evolutionary link in how complex societies function, even across species. The study also teases out a possible connection to insulin and longevity, hinting at new frontiers in under...

      

      
        Mining the deep could mute the songs of sperm whales
        Exploration for deep-sea minerals in the Clarion Clipperton Zone threatens to disrupt an unexpectedly rich ecosystem of whales and dolphins. New studies have detected endangered species in the area and warn that mining noise and sediment could devastate marine life that relies heavily on sound. With so little known about these habitats, experts urge immediate assessment of the risks.

      

      
        Artificial intelligence isn't hurting workers--It might be helping
        Despite widespread fears, early research suggests AI might actually be improving some aspects of work life. A major new study examining 20 years of worker data in Germany found no signs that AI exposure is hurting job satisfaction or mental health. In fact, there s evidence that it may be subtly improving physical health especially for workers without college degrees by reducing physically demanding tasks. However, researchers caution that it s still early days.

      

      
        Superbugs in your shrimp: Deadly colistin-resistance genes ride on imported seafood
        Colistin, a last-resort antibiotic, is losing its power due to rising resistance--and the culprits might be hiding in your seafood dinner. A University of Georgia research team discovered colistin-resistance genes in bacteria found in imported shrimp and scallops from markets in Atlanta. These genes can hop between bacteria via plasmids, potentially turning once-curable infections into deadly threats.

      

      
        Half of today's jobs could vanish--Here's how smart countries are future-proofing workers
        AI is revolutionizing the job landscape, prompting nations worldwide to prepare their workforces for dramatic changes. A University of Georgia study evaluated 50 countries' national AI strategies and found significant differences in how governments prioritize education and workforce training. While many jobs could disappear in the coming decades, new careers requiring advanced AI skills are emerging. Countries like Germany and Spain are leading with early education and cultural support for AI, bu...

      

      
        HIV is surging in over-50s--But campaigns still target the young
        HIV is surging among adults over 50 in sub-Saharan Africa, yet prevention and treatment campaigns still focus mainly on the young. New research reveals older adults face comparable or higher infection rates but remain largely invisible in HIV studies, which hampers progress toward global health goals. Persistent stigma, outdated perceptions, and limited education or access in rural areas worsen the situation, especially for older women.

      

      
        Scientists create living building material that captures CO2 from the air
        Researchers at ETH Zurich have developed an astonishing new material: a printable gel that's alive. Infused with ancient cyanobacteria, this "photosynthetic living material" not only grows but also removes CO2 from the air, twice over. The bacteria use sunlight to produce biomass and simultaneously trigger mineral formation, which locks carbon away in a stable form. Engineered hydrogels provide an ideal habitat for these microbes, allowing them to thrive for over a year. Even more captivating, th...
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This team tried to cross 140 miles of treacherous ocean like stone-age humans-and it worked | ScienceDaily
When and where the earliest modern human populations migrated and settled in East Asia are relatively well known. However, how these populations moved between islands on treacherous stretches of sea is still shrouded in mystery. In two new papers, researchers from Japan and Taiwan led by Professor Yousuke Kaifu from the University of Tokyo simulated methods ancient peoples would have needed to accomplish these journeys, and they used period-accurate tools to create the canoes to make the journey themselves.
Evidence suggests that around 30,000 years ago, humans made a sea crossing -- without maps, metal tools or modern boats -- from what is now called Taiwan to some of the islands in southern Japan, including Okinawa. To find out exactly how this crossing was made, a team led by Kaifu performed various simulations and experiments, including the use of physical recreations, to learn the most plausible way this crossing was achieved. Of the two newly published papers, one used numerical simulations to cross one of the strongest currents in the world called the Kuroshio. The simulation showed that a boat made using tools of the time, and the right know-how, could have navigated the Kuroshio. The other paper detailed the construction and testing of a real boat which the team successfully used to paddle between islands over 100 kilometers apart.
"We initiated this project with simple questions: 'How did Paleolithic people arrive at such remote islands as Okinawa?' 'How difficult was their journey?' 'And what tools and strategies did they use?'" said Kaifu. "Archaeological evidence such as remains and artifacts can't paint a full picture as the nature of the sea is that it washes such things away. So, we turned to the idea of experimental archaeology, in a similar vein to the Kon-Tiki expedition of 1947 by Norwegian explorer Thor Heyerdahl."
In 2019, the team constructed a 7.5-meter dugout canoe called Sugime, built from a single Japanese cedar trunk, using replicas of 30,000-year-old stone tools. They paddled it 225 kilometers (140 miles) from eastern Taiwan to Yonaguni Island in the Ryukyu group, which includes Okinawa, navigating only by the sun, stars, swells and their instincts. They paddled for over 45 hours across the open sea, mostly without any visibility of the island they were targeting. Several years later, the team is still unpicking some of the data they created during the experiment, and use what they find to inform or test models about various aspects of sea crossings in that region so long ago.
"A dugout canoe was our last candidate among the possible Paleolithic seagoing crafts for the region. We first hypothesized that Paleolithic people used rafts, but after a series of experiments, we learned that these rafts are too slow to cross the Kuroshio and are not durable enough," said Kaifu. "We now know that these canoes are fast and durable enough to make the crossing, but that's only half the story. Those male and female pioneers must have all been experienced paddlers with effective strategies and a strong will to explore the unknown. We do not think a return journey was possible. If you have a map and know the flow pattern of the Kuroshio, you can plan a return journey, but such things probably did not take place until much later in history."
To understand whether such a journey could have been made in different circumstances, the team also used advanced ocean models to simulate hundreds of virtual voyages. These simulations tested different starting points, seasons and paddling strategies under both modern and ancient ocean conditions.
"I major in oceanography and use numerical methods and particle tracking techniques to research things like eel and salmon migrations, pumice drift after volcanic eruptions, and oil spills in the Gulf of Mexico," said Yu-Lin Chang from the Japan Agency for Marine-Earth Science and Technology, and a visiting researcher at UTokyo and lead author of one of the papers in this study. "The Kuroshio Current is generally considered dangerous to navigate. I thought if you entered it, you could only drift aimlessly. But the results of our simulations went far beyond what I had imagined. I'm pleased this work helped illuminate how ocean voyages may have occurred 30,000 years ago."
The simulations helped fill gaps that a one-time experiment could not. They revealed that launching from northern Taiwan offered a better chance of success than from further south, and that paddling slightly southeast rather than directly at the destination was essential for compensating against the powerful current. These findings suggest a high level of strategic seafaring knowledge among early modern humans.
"Scientists try to reconstruct the processes of past human migrations, but it is often difficult to examine how challenging they really were. One important message from the whole project was that our Paleolithic ancestors were real challengers. Like us today, they had to undertake strategic challenges to advance," said Kaifu. "For example, the ancient Polynesian people had no maps, but they could travel almost the entire Pacific. There are a variety of signs on the ocean to know the right direction, such as visible land masses, heavenly bodies, swells and winds. We learned parts of such techniques ourselves along the way."
Funding: This work was financially supported by JSPS KAKENHI grant JP18H03596.
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Farming without famine: Ancient Andean innovation rewrites agricultural origins | ScienceDaily
In the Andes, the rise of agriculture to replace foraging was not the result of hardship and resource scarcity, but instead a time of economic resilience and innovation, according to a study published June 25, 2025 in the open-access journal PLOS One by Luis Flores-Blanco of the University of California Davis and Arizona State University, U.S., and colleagues.


						
The transition from foraging to farming was a major shift in human history that laid the foundations for the expansion of modern civilization. The current prevailing view is that this transition was a time of hardship, with communities forced to rely on crops due to growing human populations and dwindling wild food resources. In this study, Flores-Blanco and colleagues examine the diet of people living in the Andes throughout this transitional period.

The researchers interpreted ancient diets by measuring ratios of Carbon and Nitrogen isotopes from the bones of 16 individuals buried at the sites of Kaillachuro and Jiskairumoko in the Lake Titicaca Basin. Both sites were inhabited from approximately 5,000 to 3,000 years ago, during the transition from foraging to farming. Isotope signatures indicate a high proportion (84%) of plant material in the diet, supplemented by a smaller proportion of meat from large mammals. These proportions are not only consistent throughout this transitional time period at both sites, they are also identical to those of earlier foraging communities and later farming communities.

Altogether, these results contradict the image of an agricultural shift driven by hardship, and instead reveal that food resources remained consistent for thousands of years. Wild foods were increasingly managed and domesticated, creating mixed foraging-farming economies. The authors propose that this economic resilience was likely aided by certain cultural advances happening at this time, including expanding trade networks and innovations in ceramic and archery technologies.

Luis Flores-Blanco adds: "Our research shows that the origin of agriculture in the Titicaca Basin was a resilient process. Ancient Andean peoples relied on their deep knowledge of harvesting wild plants like potatoes and quinoa, as well as hunting camelids. With this understanding of their environment, they effectively managed their resources -- domesticating both plants and animals -- and gradually incorporated these domesticated species into their diet. So, the first Altiplano farmers continued to rely on the same foods consumed by Archaic foragers. In this research, we show that this Andean economy path made this transition both beneficial and stable."

"These discoveries come from integrating contributions from different specialized fields, from extracting dietary information from bones, analyzing macrobotanical remains, and running statistical analyses."

Luisa Hinostroza adds: "This article challenges the traditional idea that the transition to agriculture occurred out of necessity or periods of crisis. Our findings demonstrate, instead, that in the Altiplano, it was a process marked by stability and food sufficiency sustained for thousands of years. These results constitute crucial evidence revealing the capacity of Andean societies to efficiently manage their resources, such as tubers and grains, and maintain long-term stability."

Funding: National Science Foundation grant (SBR-9816313) awarded to MA. The Rust Family Foundation (RFF-2021-146 and RFF-2023-212), the American Philosophical Society (2021), Carlos Brignardello Grant (IFEA 2020), National Geographic Society (EC-97351R-23), and the University of California, Davis to LFB.
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Scientists reprogram ant behavior using brain molecules | ScienceDaily
From the bright lights of cities that don't sleep -- where people hustle and bustle through the night to keep subways, servers, and supply chains alive -- to the whisper-dark understory of tropical forests where ants hum in syncopated lines, the planet's most intricate societies hinge on round-the-clock cooperation and finely tuned roles.


						
Within Atta cephalotes, or leafcutter ants, every role is pre-written in morphology, from curves of the mandible (jaws) to body size, scripting a precise division of labor. The hulking Major ants serve as sentinels, patrolling doorways and repelling intruders; the slightly more diminutive Media ants harvest leaf confetti for nimble Minors, the colony custodians and caretakers; and, at the tiniest tier, pin-sized Minima ants groom fungal gardens and cradle the brood.

Now, researchers led by Shelley Berger of the University of Pennsylvania, have revealed key elements of the leafcutters' genetic code, pinpointing two signaling molecules that can be dialed up or down to reprogram ant duties. Crustacean cardioactive peptide (CCAP), elevated in Media ants, promotes leaf-harvesting tasks and can induce similar behavior in other subcastes. Neuroparsin-A (NPA), abundant in Majors, however, suppresses brood care and is linked to defensive patrols, alternately lowering its levels of NPA prompts caregiving behavior.

Reporting their findings in Cell, the researchers also uncovered a striking parallel: gene-expression patterns that govern division of labor in leafcutter ants mirror those in eusocial naked mole-rats -- mammals that similarly abide by cooperative brood care -- hinting at a convergent molecular mechanism dating back over 600 million years.

"We were amazed to see the apparent similarity of gene regulation between nurses and foragers of ants compared to naked mole-rat mammals -- this was unexpected," says Berger the Daniel S. Och Penn Integrates Knowledge University Professor with appointments in the School of Arts & Sciences and the Perelman School of Medicine. "Our results in ants reinforce how single neuropeptides can dramatically alter behavior, which may be applicable to human social behavior -- although humans of course are much more complex."

From carpenters to leafcutters 

Building on previous research on the carpenter ants, which have a similar but simpler social organization consisting of two roles -- forager and soldier -- the team investigated several different neuropeptides in leafcutters to explore how these principles scaled up to the more nuanced four-subcaste structure of Major, Media, Minor, and Minim.




The researchers created 3D-printed behavioral chambers that allowed them to monitor how ants interacted with leaves, the brood, or fungus. These chambers enabled tracking and quantification of behavior through video analysis, demonstrating how altering CCAP and NPA levels in ants induced dramatic and reproducible shifts in their assigned tasks.

"Generally speaking, specific neuropeptides are more abundant in certain castes, so we looked at the levels of neuropeptides in the brains of each caste," explains Karl Glastad, assistant professor at the University of Rochester and former postdoctoral researcher in the Berger lab. "In Majors, the neuropeptide that dictates leafcutter behavior is low and the neuropeptide that stops nursing is high, so if we increase the former, it leads to leafcutter behavior, and if we decrease the latter, it leads to nursing and caretaking of brood."

Glastad adds that these neuropeptides, once bound to their matching receptors, spark an intricate signaling cascade that ripples through gene networks, like a molecular Rube Goldberg machine, that leads to ants shifting from one specialized task to another.

Molecular mechanisms across kingdoms 

To further explore the evolutionary depth and implications of this behavioral script, the team investigated naked mole-rats a distant evolutionary cousin whose subterranean colonies echo the caste-like harmony of leaf-cutter nests.

"At first, I thought incorporating naked mole-rats felt like a bit of a boondoggle," laughs Glastad. "But we were amazed to discover that there's actually a lot of similarities in the molecular regulation of these kinds of foraging and caretaking castes between the brains of these two species."

Despite naked mole-rats lacking the exact neuropeptides like NPA found in ants, the researchers hypothesized that these peptides might still activate ancient, conserved pathways common to both species due to promiscuity of certain, more conserved receptors.




"When we saw these intriguing neuropeptide results, we pursued the idea that maybe this neuropeptide is plugging into some conserved gene pathways that convergently evolved in these very different animals to manage distinct behaviors," Glastad explains. "And remarkably, we found substantial overlap -- enough that the ant neuropeptide could even activate endogenous receptors in the naked mole-rat brain. Discovering that unexpected convergence was incredibly cool and, frankly, fortuitous."

A novel role for insulin regulatory pathways? 

The findings also reveal intriguing connections to insulin regulation pathways, known for their important role in sugar metabolism.

Particularly, insulin-like peptides such as Ilp1 were prominently expressed alongside NPA, suggesting a previously unappreciated interplay between neuropeptide signaling and insulin pathways in behavioral regulation.

"By discovering, essentially, that there's this link between insulin and maternal caretaking behavior, both with naked mole-rats and then also with leafcutter ants, we speculate that this might open the door for potentially looking at how disorders in insulin regulation may affect these behaviors," says first author Maxxum Fioriti, a graduate researcher in the Berger Lab.

"This connection launches new avenues for research into how insulin might regulate caregiving behaviors in mammals, potentially even humans," Fioriti says, venturing that insulin resistance disorders like diabetes may affect maternal mental health and post-partum depression.

Extending to lifespan plasticity 

Looking ahead, Berger's team is keen to explore the persistence of biological plasticity as it relates to behaviors. They are also interested in extending their work to late life rejuvenation and lifespan plasticity because reproductive ant queens live much longer than workers that don't reproduce.

Berger believes that epigenetics, the study of how gene activity can be turned on or off without changing the underlying DNA, offers powerful ways to understand not only behavioral plasticity but lifespan plasticity too.

"We're really interested in how long the reprogrammed behavior persists, and what are the pathways for long-lived queens," she says. "I think both phenomena are of enormous interest in mammalian and human biology -- the long-term effects of the plasticity of behavior and lifespan we're investigating."

Speaking about future research on lifespan plasticity, Fioriti notes that one of the other ant species in the lab has amazing lifespan plasticity, "where instead of having just different behaviors, they can also switch between a long-lived queen versus a short-lived worker."

"We have these comparisons of the ant behavior model with the naked mole-rat, and we're also interested in seeing if we can couple understanding lifespan plasticity between ant and naked mole-rat as well," Fioriti says.

Key Takeaways
    	Researchers led by Penn Integrates Knowledge Professor in the  School of Arts & Sciences and the Perelman School of Medicine  Shelley Berger explore the genetic basis of how communal-dwelling  organisms like leafcutter ants and naked mole-rats divide labor among  their societies
    	They discovered that pathways dating back hundreds of millions of years are conserved across animal kingdoms
    	Their findings offer fundamental insights into the origins of complex social behaviors and the neuroplasticity of assigned roles

Shelley Berger is the Daniel S. Och University Professor in the Departments of Cell and Developmental Biology at the Perelman School of Medicine and Biology at Penn Arts & Sciences and director of the Penn Epigenetics Institute.

Karl Glastad is an assistant professor of biology at the University of Rochester and a former postdoctoral researcher in the Berger Lab.

Maxxum Fioriti is a Ph.D. candidate at Penn Medicine and a researcher in the Berger Lab.

Other authors include Michael B. Gilbert, Matan Sorek, Tierney Scarpa, Freddy S. Purnell, Daniel Xu, Josue Baeza, Richard Lauman, Balint Z. Kacsoh, and Roberto Bonasio of the Perelman School of Medicine at Penn; Lindsay K. Pino of Talus Bioscience; Anatoly Korotkov, Ali Biashad, Andrei Seluanov, and Vera Gorbunova of the University of Rochester; Anastasiia Filippova and Mackenzie W. Mathis of the Ecole Polytechnique Federale de Lausanne; and Benjamin A. Garcia of Washington University School of Medicine.

This work was supported by National Institutes of Health (Fellowships F32GM120933 and F31AG072777-03; grants NIA R01 AG055570, AG047200, and NIMH R01 MH131861); The Zuckerman STEM Leadership Post-Doctoral Program, and The Human Frontier Science Program.
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Mining the deep could mute the songs of sperm whales | ScienceDaily
Deep-sea mining in a remote part of the Pacific Ocean could harm ocean life including whales and dolphins, new research shows.


						
The Clarion Clipperton Zone (CCZ) of the Eastern Pacific is a vast area of deep ocean and seamounts.

A Canadian firm - The Metals Company - is planning to explore parts of the CCZ for polymetallic nodules.

In two new studies, researchers found whales and dolphins - including an endangered sperm whale - in the CCZ, and raise concerns about impacts on a wide range of marine species.

"We know remarkably little about these ecosystems, which are hundreds of miles offshore and include very deep waters," said Dr Kirsten Young, from the University of Exeter.

"We do know many species here are long-lived and slow-growing, especially on the seabed.

"It's very hard to predict how seabed mining might affect these species and wider ecosystems, and these risks must urgently be assessed."

Dr Young said noise from mining would travel great distances underwater - possibly hundreds of kilometres through a SOFAR channel.




One of the research papers reviews noise sensitivity among species known to live in the CCZ, and finds that only 35% of taxonomic classes there have been studied for noise impacts.

Soniferous fish, which rely on acoustic communication, are particularly vulnerable to noise.

Chronic exposure to mining noise might have cascading ecological consequences, disrupting key behaviours, the researchers say.

The second study is a survey of whales and dolphins, conducted from the Greenpeace vessel Arctic Sunrise.

Over 13 days of visual and acoustic monitoring, there were 74 acoustic detections and six sightings.

These included a sperm whale, Risso's dolphins, common dolphins and 70 dolphin groups that could not be identified to species level.




Dr Young said: "If deep seabed mining becomes a reality, whales and dolphins will be exposed to multiple sources of noise throughout the water column.

"Many species are highly sensitive to certain frequencies - chronic ocean noise can mask social and foraging communications and whales could be displaced from critical habitats.

"The behavior and impact of sediment plumes created by mining is also poorly understood but could affect food webs."

Louisa Casson of Greenpeace International said: "The confirmed presence of cetaceans, including threatened sperm whales, in areas that The Metals Company is targeting for deep sea mining is yet another clear warning that this dangerous industry must never be allowed to begin commercial operations."

The review paper, published in the journal Marine Pollution Bulletin, is entitled: "Noise from deep-sea mining in the Clarion-Clipperton Zone, Pacific Ocean will impact a broad range of marine taxa."

The whale and dolphin paper, published in Frontiers in Marine Science, is entitled: "Threatened cetaceans in a potential deep seabed mining region, Clarion Clipperton Zone, Eastern Pacific."
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Artificial intelligence isn't hurting workers-It might be helping | ScienceDaily
As artificial intelligence reshapes workplaces worldwide, a new study provides early evidence suggesting AI exposure has not, thus far, caused widespread harm to workers' mental health or job satisfaction. In fact, the data reveals that AI may even be linked to modest improvements in worker physical health, particularly among employees with less than a college degree.


						
But the authors caution: It is way too soon to draw definitive conclusions.

The paper, "Artificial Intelligence and the Wellbeing of Workers," published June 23 in Nature: Scientific Reports, uses two decades of longitudinal data from the German Socio-Economic Panel. Using that rich data, the researchers -- Osea Giuntella of the University of Pittsburgh and the National Bureau of Economic Research (NBER), Luca Stella of the University of Milan and the Berlin School of Economics, and Johannes King of the German Ministry of Finance -- explored how workers in AI-exposed occupations have fared in contrast to workers in less-exposed roles.

"Public anxiety about AI is real, but the worst-case scenarios are not inevitable," said Professor Stella, who is also affiliated with independent European bodies the Center for Economic Studies (CESifo) and the Institute for Labor Economics (IZA). "So far, we find little evidence that AI adoption has undermined workers' well-being on average. If anything, physical health seems to have slightly improved, likely due to declining job physical intensity and overall job risk in some of the AI-exposed occupations."

Yet the study also highlights reasons for caution.

The analysis relies primarily on a task-based measure of AI exposure -- considered more objective -- but alternative estimates based on self-reported exposure reveal small negative effects on job and life satisfaction. In addition, the sample excludes younger workers and only covers the early phases of AI diffusion in Germany.

"We may simply be too early in the AI adoption curve to observe its full effects," Stella emphasized. "AI's impact could evolve dramatically as technologies advance, penetrate more sectors, and alter work at a deeper level."

Key findings from the study include:
    	No significant average effects of AI exposure on job satisfaction, life satisfaction, or mental health.
    	Small improvements in self-rated physical health and health satisfaction, especially among lower-educated workers.
    	Evidence of reduced physical job intensity, suggesting that AI may alleviate physically demanding tasks.
    	A modest decline in weekly working hours, without significant changes in income or employment rates.
    	Self-reported AI exposure suggests small but negative effects on subjective well-being, reinforcing the need for more granular future research.

Due to the data supply, the study focuses on Germany -- a country with strong labor protections and a gradual pace of AI adoption. The co-authors noted that outcomes may differ in more flexible labor markets or among younger cohorts entering increasingly AI-saturated workplaces.

"This research is an early snapshot, not the final word," said Pitt's Giuntella, who previously conducted significant research into the effect of robotics on households and labor, and on types of workers. "As AI adoption accelerates, continued monitoring of its broader impacts on work and health is essential. Technology alone doesn't determine outcomes -- institutions and policies will decide whether AI enhances or erodes the conditions of work."
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Superbugs in your shrimp: Deadly colistin-resistance genes ride on imported seafood | ScienceDaily
Resistance to colistin, a potent antibiotic, is on the rise.


						    	In 2016, researchers discovered that colistin resistance could be transferred laterally among microbes.
    	Researchers have isolated genes that confer colistin resistance from imported seafood purchased from markets in Atlanta, Ga.
    	The findings suggest imported seafood could promote the spread of transmissible colistin resistance.

Colistin is a potent, last-resort antibiotic, used only to treat people with dangerous, life-threatening bacterial infections that have developed resistance to other drugs. But it's not foolproof. Worldwide, resistance to colistin is spreading, further diminishing treatment options and putting infected people at higher risk.

Researchers from the University of Georgia recently identified a way that colistin resistance genes are spreading: Imported seafood. In a new study, microbiologist Issmat Kassem, Ph.D., and his group have reported the first isolation of colistin-resistance genes in bacteria found in imported shrimp and scallops, purchased from 8 food markets around Atlanta, Ga. Kassem will be presenting the findings this week in Los Angeles at ASM Microbe 2025, the annual meeting of the American Society for Microbiology. An accompanying paper will be published in the ASM journal mSphere.

"We love our seafood," Kassem said. Many people don't know that most seafood consumed in the U.S. is imported, he said, including about 90% of shrimp. Imported seafood is screened for contaminants but the process doesn't catch everything, especially antimicrobial resistance genes. "The bacteria that were carrying colistin resistance genes are not normally screened." Kassem and his group also found that some of the resistance genes are carried on plasmids -- round bits of genetic material that can be transmitted from bacteria to bacteria.

Antimicrobial resistant infections kill hundreds of thousands of people globally every year, and antimicrobial resistance is a rising public health menace. Colistin was first introduced in the 1950s to treat infections by pathogenic Gram-negative bacteria, but it takes a heavy toll on patients, including increased risk of damage to the nerves and kidneys. It was discontinued in the U.S. in the 1980s. However, Kassem noted, other countries continued to use it in agricultural settings, both to treat infections and to promote animal growth. Colistin was eventually reintroduced to human medicine because it was one of the few options available to treat certain bacterial infections. The World Health Organization categorizes colistin as a high priority critically important antibiotic, which means it is an essential option for treating serious human infections.

In 2016, researchers discovered a mobile colistin resistant gene, or mcr, that was "mobile" because it could be transferred via lateral transmission, in plasmids passed among bacteria. Before then, Kassem said, researchers believed colistin resistance was inherited, not shared, "which means it could not jump between different bacteria."

Researchers have now identified at least 10 mcr genes and many alleles, or variations. Kassem, who has been studying antimicrobial resistance for 2 decades, suspected it might spread through the importing and exporting of food.

"Our food is sourced from different places," he said. "If you go out to lunch today, your plate might have ingredients from 6, 7, 8 countries. Some countries do not have strict regulations for using antibiotics in food animal production, so imported food can be a vehicle for transmission of resistance." In previous work, his group found mcr genes in samples from wastewater in Georgia; they also found the bacterial host that was carrying the plasmid containing the genes. It wasn't normally screened in food coming into the United States, he said. In studies published since then, researchers have found mcr genes in plasmids elsewhere.

When they screened seafood purchased from markets in Georgia, they found the same bacterial host, the same plasmids and the same genes that they'd previously identified in wastewater. "The good news is that we didn't find it in locally produced seafood," Kassem said.

He cautioned that the group identified 1 source of colistin resistance, but there could be other, and they're likely spreading. "We live in a very connected world," he said. "We move a lot, we travel a lot, our food travels, and we are going to spread whatever emerges, even across national borders. So, it's important to invest in monitoring systems and expand them and collaborate, especially on the global level, on the issue of antimicrobial resistance."
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Half of today's jobs could vanish-Here's how smart countries are future-proofing workers | ScienceDaily
Artificial intelligence is spreading into many aspects of life, from communications and advertising to grading tests. But with the growth of AI comes a shake-up in the workplace.


						
New research from the University of Georgia is shedding light on how different countries are preparing for how AI will impact their workforces.

According to previous research, almost half of today's jobs could vanish over the next 20 years. But it's not all doom and gloom.

Researchers also estimate that 65% of current elementary school students will have jobs in the future that don't exist now. Most of these new careers will require advanced AI skills and knowledge.

"Human soft skills, such as creativity, collaboration and communication cannot be replaced by AI." -- Lehong Shi, College of Education

To tackle these challenges, governments around the world are taking steps to help their citizens gain the skills they'll need. The present study examined 50 countries' national AI strategies, focusing on policies for education and the workforce.

Learning what other countries are doing could help the U.S. improve its own plans for workforce preparation in the era of AI, the researcher said.




"AI skills and competencies are very important," said Lehong Shi, author of the study and an assistant research scientist at UGA's Mary Frances Early College of Education. "If you want to be competitive in other areas, it's very important to prepare employees to work with AI in the future."

Some countries put larger focus on training, education

Shi used six indicators to evaluate each country's prioritization on AI workforce training and education: the plan's objective, how goals will be reached, examples of projects, how success will be measured, how projects will be supported and the timelines for each project.

Each nation was classified as giving high, medium or low priority to prepare an AI competent workforce depending on how each aspect of their plan was detailed.

Of the countries studied, only 13 gave high prioritization to training the current workforce and improving AI education in schools. Eleven of those were European countries, with Mexico and Australia being the two exceptions. This may be because European nations tend to have more resources for training and cultures of lifelong learning, the researcher said.

The United States was one of 23 countries that considered workforce training and AI education a medium priority, with a less detailed plan compared to countries that saw them as a high priority.




Different countries prioritize different issues when it comes to AI preparation

Some common themes emerged between countries, even when their approaches to AI differed. For example, almost every nation aimed to establish or improve AI-focused programs in universities. Some also aimed to improve AI education for K-12 students.

On-the-job training was also a priority for more than half the countries, with some offering industry-specific training programs or internships. However, few focused on vulnerable populations such as the elderly or unemployed through programs to teach them basic AI skills.

Shi stressed that just because a country gives less prioritization to education and workforce preparation doesn't mean AI isn't on its radar. Some Asian countries, for example, put more effort into improving national security and health care rather than education.

Cultivating interest in AI could help students prepare for careers

Some countries took a lifelong approach to developing these specialized skills. Germany, for instance, emphasized creating a culture that encourages interest in AI. Spain started teaching kids AI-related skills as early as preschool.

Of the many actions governments took, Shi noted one area that needs more emphasis when preparing future AI-empowered workplaces. "Human soft skills, such as creativity, collaboration and communication cannot be replaced by AI," Shi said. "And they were only mentioned by a few countries."

Developing these sorts of "soft skills" is key to making sure students and employees continue to have a place in the workforce.

This study was published in Human Resource Development Review.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250622030429.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



HIV is surging in over-50s-But campaigns still target the young | ScienceDaily
Prevention and treatment campaigns are not adequately targeting the particular needs of the 50+ years age group.


						
Indeed, between 2000 and 2016, the number of adults aged 50 years and older living with HIV in sub-Saharan Africa doubled. At present, their HIV prevalence is exceeding that of younger adults.

By 2040, one-quarter of people living with HIV in Africa will be aged 50 years and older; tailored awareness and treatment campaigns are pressing.

Dr Luicer Olubayo, a researcher at the Sydney Brenner Institute for Molecular Bioscience (SBIMB) at Wits University and the first author of a study published in The Lancet Healthy Longevity journal, which investigated HIV in older people in Kenya and South Africa, noted that perceptions on who acquires HIV are limited. "We often think of HIV as a disease of younger people. It doesn't help that intervention campaigns are mainly targeted at the youth."

Moreover, older adults are less likely to believe that they can get HIV. This misconception is pervasive and has consequences for reaching global targets to achieve UNAIDS' 95-95-95 targets by 2030 (95% of people living with HIV know their status, 95% of people who know their status are on treatment, and 95% have a suppressed viral load).

"While HIV prevalence among individuals over 50 years of age is similar to or even exceeds that of younger adults, HIV surveys focus on younger individuals, leaving considerable gaps in understanding HIV prevalence, incidence and treatment outcomes in older populations," says Associate Professor F. Xavier Gomez-Olive, at the MRC/Wits-Agincourt Research Unit.

Stigma remains a barrier to treatment 

The uptake of HIV testing among older adults is poor, which delays diagnosis and limits access to care. This is, indeed, one of the signifiers of the pervasiveness of stigma surrounding the disease.




"We know that there is significant social stigma related to HIV infection. This is why understanding HIV-related stigma in older adults remains crucial as a way to inform interventions to support older people's mental health and overall well-being," says Olubayo.

Interventions could focus on repeated testing, the use of pre-exposure prophylaxis (PrEP), and campaigns to increase awareness and reduce infections among the elderly.

"HIV can be managed alongside other chronic conditions, too, since HIV is managed as a long-term illness," says Gomez-Olive.

Non-communicable diseases, such as hypertension, diabetes, and obesity, have dramatically increased in sub-Saharan Africa, particularly among older people. HIV treatment and intervention can be included in the healthcare ecosystem of long-term illnesses.

Apart from stigma, a complex interplay of factors shapes HIV risk 

The study shows that age, education, gender, and where people live all affect their risk of HIV. Even though more people now have access to HIV treatment, older adults -- especially in rural areas -- still face significant challenges in preventing HIV, such as low education levels and gender inequality.




Widowed women had the highest HIV rate (30.8%). This may be due to losing a partner to HIV, stigma, and a greater risk of unsafe behaviours like transactional sex and limited power to negotiate condom use. People without formal education and those with low income also had higher rates of HIV infection.

The benefit of longitudinal data to make decisions 

An important added value of this study is the provision of longitudinal insights into the HIV epidemic among older adults in sub-Saharan Africa. "Our study is beneficial in that older populations are under-represented, and not much is known about them over time. What changes are occurring? We have to answer these kinds of questions. With longitudinal data, we can look at the effectiveness of antiretroviral therapy coverage in older people," says Gomez-Olive.

The study used data collected in urban Kenya and in urban and rural sites across South Africa during two data collection waves: 2013-2016 and 2019-2022.

Throughout a decade of research, the team has been gaining a deeper understanding of this ageing HIV epidemic. Numerous important insights about HIV in older populations have been achieved, and research gaps are being covered.

Data for the study were drawn from the Africa Wits-INDEPTH Partnership for Genomic Research (AWI-Gen) from adults aged 40 years and older. AWI-Gen is a multicentre, longitudinal cohort study conducted at six research centres in four sub-Saharan African countries (South Africa, Kenya, Burkina Faso, and Ghana) to investigate various health determinants.
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Scientists create living building material that captures CO2 from the air | ScienceDaily
The idea seems futuristic: At ETH Zurich, various disciplines are working together to combine conventional materials with bacteria, algae and fungi. The common goal: to create living materials that acquire useful properties thanks to the metabolism of microorganisms -- "such as the ability to bind CO2 from the air by means of photosynthesis," says Mark Tibbitt, Professor of Macromolecular Engineering at ETH Zurich.


						
An interdisciplinary research team led by Tibbitt has now turned this vision into reality: it has stably incorporated photosynthetic bacteria -- known as cyanobacteria -- into a printable gel and developed a material that is alive, grows and actively removes carbon from the air. The researchers recently presented their "photosynthetic living material" in a study in the journal Nature Communications.

Key characteristic: Dual carbon sequestration

The material can be shaped using 3D printing and only requires sunlight and artificial seawater with readily available nutrients in addition to CO2 to grow. "As a building material, it could help to store CO2 directly in buildings in the future," says Tibbitt, who co-initiated the research into living materials at ETH Zurich.

The special thing about it: the living material absorbs much more CO2 than it binds through organic growth. "This is because the material can store carbon not only in biomass, but also in the form of minerals -- a special property of these cyanobacteria," reveals Tibbitt.

Yifan Cui, one of the two lead authors of the study, explains: "Cyanobacteria are among the oldest life forms in the world. They are highly efficient at photosynthesis and can utilize even the weakest light to produce biomass from CO2 and water."

At the same time, the bacteria change their chemical environment outside the cell as a result of photosynthesis, so that solid carbonates (such as lime) precipitate. These minerals represent an additional carbon sink and -- in contrast to biomass -- store CO2 in a more stable form.




Cyanobacteria as master builders

"We utilize this ability specifically in our material," says Cui, who is a doctoral student in Tibbitt's research group. A practical side effect: the minerals are deposited inside the material and reinforce it mechanically. In this way, the cyanobacteria slowly harden the initially soft structures.

Laboratory tests showed that the material continuously binds CO2 over a period of 400 days, most of it in mineral form -- around 26 milligrams of CO2 per gram of material. This is significantly more than many biological approaches and comparable to the chemical mineralization of recycled concrete (around 7 mg CO2 per gram).

Hydrogel as a habitat

The carrier material that harbours the living cells is a hydrogel -- a gel made of cross-linked polymers with a high water content. Tibbitt's team selected the polymer network so that it can transport light, CO2, water and nutrients and allows the cells to spread evenly inside without leaving the material.

To ensure that the cyanobacteria live as long as possible and remain efficient, the researchers have also optimised the geometry of the structures using 3D printing processes to increase the surface area, increase light penetration and promote the flow of nutrients.




Co-first author Dalia Dranseike: "In this way, we created structures that enable light penetration and passively distribute nutrient fluid throughout the body by capillary forces." Thanks to this design, the encapsulated cyanobacteria lived productively for more than a year, the materials researcher in Tibbitt's team is pleased to report.

Infrastructure as a carbon sink

The researchers see their living material as a low-energy and environmentally friendly approach that can bind CO2 from the atmosphere and supplement existing chemical processes for carbon sequestration. "In the future, we want to investigate how the material can be used as a coating for building facades to bind CO2 throughout the entire life cycle of a building," Tibbitt looks ahead.

There is still a long way to go -- but colleagues from the field of architecture have already taken up the concept and realised initial interpretations in an experimental way.

Two installations in Venice and Milan

Thanks to ETH doctoral student Andrea Shin Ling, basic research from the ETH laboratories has made it onto the big stage at the Architecture Biennale in Venice. "It was particularly challenging to scale up the production process from laboratory format to room dimensions," says the architect and bio-designer, who is also involved in this study.

Ling is doing her doctorate at ETH Professor Benjamin Dillenburger's Chair of Digital Building Technologies. In her dissertation, she developed a platform for biofabrication that can print living structures containing functional cyanobacteria on an architectural scale.

For the Picoplanktonics installation in the Canada Pavilion, the project team used the printed structures as living building blocks to construct two tree-trunk-like objects, the largest around three metres high. Thanks to the cyanobacteria, these can each bind up to 18 kg of CO2 per year -- about as much as a 20-year-old pine tree in the temperate zone.

"The installation is an experiment -- we have adapted the Canada Pavilion so that it provides enough light, humidity and warmth for the cyanobacteria to thrive and then we watch how they behave," says Ling. This is a commitment: The team monitors and maintains the installation on site -- daily. Until November 23.

At the 24th Triennale di Milano, Dafne's Skin is investigating the potential of living materials for future building envelopes. On a structure covered with wooden shingles, microorganisms form a deep green patina that changes the wood over time: A sign of decay becomes an active design element that binds CO2 and emphasises the aesthetics of microbial processes. Dafne's Skin is a collaboration between MAEID Studio and Dalia Dranseike. It is part of the exhibition "We the Bacteria: Notes Toward Biotic Architecture" and runs until November 9.

The photosynthetic living material was created thanks to an interdisciplinary collaboration within the framework of ALIVE (Advanced Engineering with Living Materials). The ETH Zurich initiative promotes collaboration between researchers from different disciplines in order to develop new living materials for a wide range of applications.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Hot tubs outperform saunas in boosting blood flow and immune power
        Hot tubs don't just feel great, they may actually outperform saunas when it comes to health perks. A study found that soaking in hot water raises core body temperature more than dry or infrared saunas, triggering stronger heart, blood vessel, and immune responses.

      

      
        This team tried to cross 140 miles of treacherous ocean like stone-age humans--and it worked
        Experiments and simulations show Paleolithic paddlers could outwit the powerful Kuroshio Current by launching dugout canoes from northern Taiwan and steering southeast toward Okinawa. A modern crew proved it, carving a Stone-Age-style canoe, then paddling 225 km in 45 hours guided only by celestial cues--demonstrating our ancestors' daring and mastery of the sea.

      

      
        Farming without famine: Ancient Andean innovation rewrites agricultural origins
        Farming didn t emerge in the Andes due to crisis or scarcity it was a savvy and resilient evolution. Ancient diets remained stable for millennia, blending wild and domesticated foods while cultural innovations like trade and ceramics helped smooth the transition.

      

      
        New test unmasks illegal elephant ivory disguised as mammoth
        Poachers are using a sneaky loophole to bypass the international ivory trade ban--by passing off illegal elephant ivory as legal mammoth ivory. Since the two types look deceptively similar, law enforcement struggles to tell them apart, especially when tusks are carved or polished. But scientists may have found a powerful new tool: stable isotope analysis.

      

      
        Scientists reveal your morning coffee flips an ancient longevity switch
        Caffeine appears to do more than perk you up--it activates AMPK, a key cellular fuel sensor that helps cells cope with stress and energy shortages. This could explain why coffee is linked to better health and longer life.

      

      
        Martian dust to dream homes: How microbes can build on the red planet
        Imagine printing your Martian home from dust, sunlight, and a bit of biology. A new synthetic lichen system uses fungi and bacteria to grow building materials directly from Martian soil, completely autonomously and without human help.

      

      
        New viruses discovered in bats in China could be the next pandemic threat
        Two newly discovered viruses lurking in bats are dangerously similar to Nipah and Hendra, both of which have caused deadly outbreaks in humans. Found in fruit bats near villages, these viruses may spread through urine-contaminated fruit, raising serious concerns. And that's just the start--scientists found 20 other unknown viruses hiding in bat kidneys.

      

      
        Mammals didn't walk upright until late--here's what fossils reveal
        The shift from lizard-like sprawl to upright walking in mammals wasn't a smooth climb up the evolutionary ladder. Instead, it was a messy saga full of unexpected detours. Using new bone-mapping tech, researchers discovered that early mammal ancestors explored wildly different postures before modern upright walking finally emerged--much later than once believed.

      

      
        The brain's sweet spot: How criticality could unlock learning, memory--and prevent Alzheimer's
        Our brains may work best when teetering on the edge of chaos. A new theory suggests that criticality a sweet spot between order and randomness is the secret to learning, memory, and adaptability. When brains drift from this state, diseases like Alzheimer s can take hold. Detecting and restoring criticality could transform diagnosis and treatment.

      

      
        Vitamin C flips your skin's "youth genes," reversing age-related thinning
        Japanese researchers have found that vitamin C can thicken skin by switching on genes that boost skin cell growth, helping reverse age-related thinning. It works by reactivating DNA through a process that lets cells regenerate more effectively--potentially a game-changer for aging skin.

      

      
        Scientists reprogram ant behavior using brain molecules
        Leafcutter ants live in highly organized colonies where every ant has a job, and now researchers can flip those jobs like a switch. By manipulating just two neuropeptides, scientists can turn defenders into nurses or gardeners into leaf harvesters. These same molecular signals echo in naked mole-rats, revealing a deep evolutionary link in how complex societies function, even across species. The study also teases out a possible connection to insulin and longevity, hinting at new frontiers in under...

      

      
        1. 7 million patients reveal stunning link between semaglutide and lower dementia risk
        A blockbuster diabetes and weight-loss drug might be doing more than controlling blood sugar--it could also be protecting the brain. Researchers at Case Western Reserve University found that people with type 2 diabetes who took semaglutide (the active ingredient in Ozempic and Wegovy) had a significantly lower risk of developing dementia. The benefit was especially strong in women and older adults.

      

      
        The pleasure prescription: Why more sex means less menopause pain
        Keeping sex on the schedule may be its own menopause medicine: among 900 women aged 40-79, those active in the last three months reported far less dryness, pain, and irritation, while orgasm and overall satisfaction stayed rock-solid despite dips in desire and lubrication. The results hint that intimacy itself can curb genitourinary syndrome of menopause, a cluster of estrogen-related symptoms that erode quality of life.

      

      
        Ancient carbon 'burps' caused ocean oxygen crashes -- and we're repeating the mistake
        Over 300 million years ago, Earth experienced powerful bursts of carbon dioxide from natural sources--like massive volcanic eruptions--that triggered dramatic drops in ocean oxygen levels. These ancient "carbon burps" led to dangerous periods of ocean anoxia, which stalled marine biodiversity and potentially reshaped entire ecosystems. In a groundbreaking study, scientists combined high-tech climate models with deep-ocean sediment analysis to pinpoint five such events. The alarming part? Today's hu...

      

      
        Killer whales use seaweed tools in never-before-seen grooming behavior
        Southern resident killer whales have been caught on drone video crafting kelp tools to groom one another--an unprecedented behavior among marine mammals. This suggests a deeper social and cultural complexity in these endangered whales than scientists previously realized.

      

      
        These frozen wolf cubs ate a woolly rhino--and changed what we know about dogs
        Two Ice Age wolf pups once thought to be early dogs have been identified as wild wolves, thanks to detailed DNA and chemical analysis. Surprisingly, their last meals included woolly rhinoceros meat--an unusually large prey item--hinting that ancient wolves might have been bigger than today's. Their well-preserved bodies also shed light on wolf pack behavior and Ice Age environments.

      

      
        Mining the deep could mute the songs of sperm whales
        Exploration for deep-sea minerals in the Clarion Clipperton Zone threatens to disrupt an unexpectedly rich ecosystem of whales and dolphins. New studies have detected endangered species in the area and warn that mining noise and sediment could devastate marine life that relies heavily on sound. With so little known about these habitats, experts urge immediate assessment of the risks.

      

      
        USC's new AI implant promises drug-free relief for chronic pain
        A groundbreaking wireless implant promises real-time, personalized pain relief using AI and ultrasound power no batteries, no wires, and no opioids. Designed by USC and UCLA engineers, it reads brain signals, adapts on the fly, and bends naturally with your spine.

      

      
        No kings buried here: DNA unravels the myth of incestuous elites in ancient Ireland
        DNA from a skull found at Newgrange once sparked theories of a royal incestuous elite in ancient Ireland, but new research reveals no signs of such a hierarchy. Instead, evidence suggests a surprisingly egalitarian farming society that valued collective living and ritual.

      

      
        Recycled plastic is a toxic cocktail: Over 80 chemicals found in a single pellet
        Recycled plastic pellets can release a hidden mix of over 80 chemicals into water, disrupting hormones and fat metabolism in zebrafish larvae. Researchers warn that unknown and toxic additives make current recycling practices dangerously unpredictable.

      

      
        Artificial intelligence isn't hurting workers--It might be helping
        Despite widespread fears, early research suggests AI might actually be improving some aspects of work life. A major new study examining 20 years of worker data in Germany found no signs that AI exposure is hurting job satisfaction or mental health. In fact, there s evidence that it may be subtly improving physical health especially for workers without college degrees by reducing physically demanding tasks. However, researchers caution that it s still early days.

      

      
        From cursed tomb fungus to cancer cure: Aspergillus flavus yields potent new drug
        In a remarkable twist of science, researchers have transformed a fungus long associated with death into a potential weapon against cancer. Found in tombs like that of King Tut, Aspergillus flavus was once feared for its deadly spores. Now, scientists at Penn and several partner institutions have extracted a new class of molecules from it--called asperigimycins--that show powerful effects against leukemia cells. These compounds, part of a rare group known as fungal RiPPs, were bioengineered for pote...

      

      
        Affordances in the brain: The human superpower AI hasn't mastered
        Scientists at the University of Amsterdam discovered that our brains automatically understand how we can move through different environments--whether it's swimming in a lake or walking a path--without conscious thought. These "action possibilities," or affordances, light up specific brain regions independently of what's visually present. In contrast, AI models like ChatGPT still struggle with these intuitive judgments, missing the physical context that humans naturally grasp.

      

      
        Superbugs in your shrimp: Deadly colistin-resistance genes ride on imported seafood
        Colistin, a last-resort antibiotic, is losing its power due to rising resistance--and the culprits might be hiding in your seafood dinner. A University of Georgia research team discovered colistin-resistance genes in bacteria found in imported shrimp and scallops from markets in Atlanta. These genes can hop between bacteria via plasmids, potentially turning once-curable infections into deadly threats.

      

      
        What the Universe tried to hide: The 21-centimeter signal explained
        Scientists are peering into the universe's mysterious Cosmic Dawn using the faint whispers of hydrogen radio waves emitted over 13 billion years ago. These signals, particularly the elusive 21-centimeter signal, offer rare insights into the masses and behavior of the universe's first stars--Population III stars--whose light we can't see directly. With projects like REACH and the upcoming Square Kilometre Array (SKA), researchers are unlocking a cosmic treasure map, predicting how early starlight an...

      

      
        Half of today's jobs could vanish--Here's how smart countries are future-proofing workers
        AI is revolutionizing the job landscape, prompting nations worldwide to prepare their workforces for dramatic changes. A University of Georgia study evaluated 50 countries' national AI strategies and found significant differences in how governments prioritize education and workforce training. While many jobs could disappear in the coming decades, new careers requiring advanced AI skills are emerging. Countries like Germany and Spain are leading with early education and cultural support for AI, bu...

      

      
        Zapping aging cells: The fast, label-free test that could transform research
        Scientists in Tokyo have developed a groundbreaking, label-free method to identify aging human cells using electric fields. This new technique avoids the downsides of chemical tagging, which can distort results and slow research. By analyzing how cells move under alternating electric fields, the researchers found they could accurately detect senescent skin cells based on their electrical properties. The approach is fast, non-invasive, and could transform how we study aging and age-related disease...

      

      
        FDA under fire: Data discrepancies uncovered in AstraZeneca approval trials
        Fresh concerns have emerged about the platelet studies underpinning the FDA approval of ticagrelor, AstraZeneca's multibillion-dollar heart drug. A new BMJ investigation reveals data discrepancies, missing lab readings, and questions about the integrity of the trial process. Notably, key results reported in a major cardiology journal were inaccurately presented, and some study contributors were omitted or denied involvement. With generics on the horizon, critics say these revelations highlight po...

      

      
        Myth-busting study shows controversial seed oils reduce inflammation
        A new study is turning heads by challenging the popular belief that seed oils are harmful to health. Researchers analyzed blood markers from nearly 1,900 people and found that higher levels of linoleic acid -- an omega-6 fat commonly found in seed oils -- were linked to lower inflammation and better cardiometabolic health. The study used direct biomarkers instead of diet surveys, making its findings more robust. These results support a growing body of evidence that seed oils, far from fueling disea...

      

      
        Scientists create living building material that captures CO2 from the air
        Researchers at ETH Zurich have developed an astonishing new material: a printable gel that's alive. Infused with ancient cyanobacteria, this "photosynthetic living material" not only grows but also removes CO2 from the air, twice over. The bacteria use sunlight to produce biomass and simultaneously trigger mineral formation, which locks carbon away in a stable form. Engineered hydrogels provide an ideal habitat for these microbes, allowing them to thrive for over a year. Even more captivating, th...

      

      
        Plants' secret second roots rewrite the climate playbook
        Beneath the forest floor lies an overlooked secret: many plants grow a second set of roots far deeper than expected sometimes over three feet down tapping into hidden nutrient stores and potentially locking away carbon. A new study using deep-soil data from NEON reveals that these "bimodal" rooting systems are more common than previously believed and may play a powerful role in stabilizing ecosystems and fighting climate change.

      

      
        Gravity, flipped: How tiny, porous particles sink faster in ocean snowstorms
        In a twist on conventional wisdom, researchers have discovered that in ocean-like fluids with changing density, tiny porous particles can sink faster than larger ones, thanks to how they absorb salt. Using clever lab experiments with 3D-printed agar shapes in a stratified water column, scientists demonstrated that porosity and particle shape are major factors in determining sinking speed. This finding could revolutionize how we understand carbon cycling, microplastic behavior, and even strategies...

      

      
        The Atlantic's chilling secret: A century of data reveals ocean current collapse
        A century-old mystery of a stubborn cold patch in the North Atlantic is finally being unraveled. A new study links this anomaly to a long-term weakening of the Atlantic Meridional Overturning Circulation (AMOC) a massive ocean current system that regulates climate across the Northern Hemisphere. Using over 100 years of temperature and salinity data, researchers showed that only models with a weakening AMOC could recreate the observed changes. The implications are vast, influencing everything from...

      

      
        Diabetes drug cuts migraines in half by targeting brain pressure
        A common diabetes drug may be the next big thing for migraine relief. In a clinical study, obese patients with chronic migraines who took liraglutide, a GLP-1 receptor agonist, experienced over 50% fewer headache days and significantly improved daily functioning without meaningful weight loss. Researchers believe the drug s ability to lower brain fluid pressure is the key, potentially opening a completely new way to treat migraines. The effects were fast, sustained, and came with only mild side e...

      

      
        Frozen in time: Transparent worms keep genes in sync for 20 million years
        Even after 20 million years of evolutionary separation, two tiny worm species show astonishingly similar patterns in how they turn genes on and off. Scientists mapped every cell s activity during development and found that genes essential to basic functions like muscles and digestion remained largely unchanged. Meanwhile, genes linked to sensing the environment or brain-like functions showed more variation. This high-resolution comparison of every cell between species may help unlock mysteries of...

      

      
        Cold sore virus hijacks human genome in 3D--and scientists found its weak spot
        Cold sore-causing HSV-1 doesn't just hijack cells it reconfigures the entire architecture of our DNA to aid its invasion. Researchers discovered that it actively reshapes the 3D structure of the human genome within hours of infection, using host enzymes like topoisomerase I to gain access to crucial genetic machinery. Stunningly, blocking this single enzyme shuts the virus down completely.

      

      
        Fitness trackers are failing millions -- this fix could change everything
        Fitness trackers often fail people with obesity by underestimating their energy burn, leading to discouraging results and misguided health data. A scientist's frustrating experience in an exercise class with his mother-in-law where her effort wasn t reflected on the fitness leaderboard sparked a breakthrough. His team at Northwestern developed a new open-source smartwatch algorithm that accurately captures energy expenditure for individuals with obesity, rivaling gold-standard lab equipment and p...

      

      
        Self-esteem skyrockets 131% after weight-loss surgery, study reveals
        Self-esteem scores jumped a remarkable 131% within just one year of bariatric surgery, according to a large study presented at ASMBS 2025. Tracking nearly 5,800 patients, researchers found a direct link between weight loss and rising confidence, with the greatest psychological boosts seen in those who lost the most weight. Despite differences in gender, race, or procedure type, patients across the board reported profound improvements in self-worth. The findings shine a spotlight on how addressing...
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Hot tubs outperform saunas in boosting blood flow and immune power | ScienceDaily
Hot tubs and saunas can both soothe aching muscles and provide welcome warmth, but hot tubs might offer greater health benefits.


						
That's the takeaway from a new study done by researchers in the Bowerman Sports Science Center at the University of Oregon, which compared the physiological effects of soaking in a hot tub to sitting in a traditional dry heat sauna or a more modern far-infrared sauna.

By raising core body temperatures, soaking in hot water can help lower blood pressure, stimulate the immune system and, over time, improve the body's response to heat stress. Moreover, those effects can last beyond the minutes spent directly in heat treatment.

"We compared the most commonly utilized modalities of passive heating as they're used in everyday life and studied in scientific research," said study lead author Jessica Atencio, a doctoral student in the lab of Christopher Minson. "No studies have compared the acute responses between the three."

The results were published in June in the American Journal of Physiology.

Under the guidance of Minson, the Kenneth M. and Kenda H. Singer Endowed Professor of Human Physiology and director of the Bowerman Center, researchers monitored body temperature, blood pressure, heart rate, cardiac output (the amount of blood the heart pumps per minute) and immune cell populations and blood biomarkers of inflammation. Data were collected before, during and after subjects soaked in a hot tub and sat in traditional dry heat and far-infrared saunas.

The study looked at 10 men and 10 women who exercised regularly and ranged in age from 20 to 28 years old. The goal was to isolate the physiological responses to each heating method in a young, healthy population.




"We saw that hot water immersion was the most impactful in increasing core body temperature, which is the main stimulus for these subsequent responses," Atencio said. "Increasing body temperature causes an increase in blood flow, and just the force of blood moving across your vessels is beneficial for your vascular health."

While the research team took blood samples from subjects after each kind of heat therapy, only hot-water immersion produced an inflammatory response as measured by the levels of inflammatory cytokines, a kind of immune signaling molecule, and immune cell populations.

Atencio and her team were not surprised by those results.

"Hot water immersion gives you the most robust changes in core temperature because you can't effectively dissipate heat as you can if you have contact with the air and you're sweating to cool the body," she said. "When you're submerged in water, the sweat mechanisms aren't efficient."

Minson has studied heat therapies for more than two decades. He has focused on how heat interacts with factors such as age, exercise and illness in men and women.

"There's no doubt in my mind that if people are willing to do some heat therapy, it's going to align with improved health, as long as it's done in moderation," Minson said. "If you repeat these stresses over time, our lab and many others have shown that they are consistent with improved health."

Regular exercise can provide benefits similar to and even better in some respects than those from heat therapy, he added, but individuals who are unable or unwilling to exercise may find that heat therapy provides an attractive option.




"It can be a very peaceful, sometimes religious, sometimes cultural and sometimes social experience," Minson said. "And I think those aspects contribute to the health benefits and are critically important."

"We want people to be smart and safe about it," he added. "We need to make sure that they are cleared by their physicians or others for heat therapy or for exercise, whether it's mild to moderate walking or jogging or strength training. Then they'll be fine to do heat therapy."

As a runner herself, Atencio knows people who like to combine heat therapy with exercise.

"We always say that exercise is the primary nonpharmacological treatment that people should be doing to promote health, but some people can't or just won't exercise," she said. "Heat therapy is good supplementation."
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This team tried to cross 140 miles of treacherous ocean like stone-age humans-and it worked | ScienceDaily
When and where the earliest modern human populations migrated and settled in East Asia are relatively well known. However, how these populations moved between islands on treacherous stretches of sea is still shrouded in mystery. In two new papers, researchers from Japan and Taiwan led by Professor Yousuke Kaifu from the University of Tokyo simulated methods ancient peoples would have needed to accomplish these journeys, and they used period-accurate tools to create the canoes to make the journey themselves.
Evidence suggests that around 30,000 years ago, humans made a sea crossing -- without maps, metal tools or modern boats -- from what is now called Taiwan to some of the islands in southern Japan, including Okinawa. To find out exactly how this crossing was made, a team led by Kaifu performed various simulations and experiments, including the use of physical recreations, to learn the most plausible way this crossing was achieved. Of the two newly published papers, one used numerical simulations to cross one of the strongest currents in the world called the Kuroshio. The simulation showed that a boat made using tools of the time, and the right know-how, could have navigated the Kuroshio. The other paper detailed the construction and testing of a real boat which the team successfully used to paddle between islands over 100 kilometers apart.
"We initiated this project with simple questions: 'How did Paleolithic people arrive at such remote islands as Okinawa?' 'How difficult was their journey?' 'And what tools and strategies did they use?'" said Kaifu. "Archaeological evidence such as remains and artifacts can't paint a full picture as the nature of the sea is that it washes such things away. So, we turned to the idea of experimental archaeology, in a similar vein to the Kon-Tiki expedition of 1947 by Norwegian explorer Thor Heyerdahl."
In 2019, the team constructed a 7.5-meter dugout canoe called Sugime, built from a single Japanese cedar trunk, using replicas of 30,000-year-old stone tools. They paddled it 225 kilometers (140 miles) from eastern Taiwan to Yonaguni Island in the Ryukyu group, which includes Okinawa, navigating only by the sun, stars, swells and their instincts. They paddled for over 45 hours across the open sea, mostly without any visibility of the island they were targeting. Several years later, the team is still unpicking some of the data they created during the experiment, and use what they find to inform or test models about various aspects of sea crossings in that region so long ago.
"A dugout canoe was our last candidate among the possible Paleolithic seagoing crafts for the region. We first hypothesized that Paleolithic people used rafts, but after a series of experiments, we learned that these rafts are too slow to cross the Kuroshio and are not durable enough," said Kaifu. "We now know that these canoes are fast and durable enough to make the crossing, but that's only half the story. Those male and female pioneers must have all been experienced paddlers with effective strategies and a strong will to explore the unknown. We do not think a return journey was possible. If you have a map and know the flow pattern of the Kuroshio, you can plan a return journey, but such things probably did not take place until much later in history."
To understand whether such a journey could have been made in different circumstances, the team also used advanced ocean models to simulate hundreds of virtual voyages. These simulations tested different starting points, seasons and paddling strategies under both modern and ancient ocean conditions.
"I major in oceanography and use numerical methods and particle tracking techniques to research things like eel and salmon migrations, pumice drift after volcanic eruptions, and oil spills in the Gulf of Mexico," said Yu-Lin Chang from the Japan Agency for Marine-Earth Science and Technology, and a visiting researcher at UTokyo and lead author of one of the papers in this study. "The Kuroshio Current is generally considered dangerous to navigate. I thought if you entered it, you could only drift aimlessly. But the results of our simulations went far beyond what I had imagined. I'm pleased this work helped illuminate how ocean voyages may have occurred 30,000 years ago."
The simulations helped fill gaps that a one-time experiment could not. They revealed that launching from northern Taiwan offered a better chance of success than from further south, and that paddling slightly southeast rather than directly at the destination was essential for compensating against the powerful current. These findings suggest a high level of strategic seafaring knowledge among early modern humans.
"Scientists try to reconstruct the processes of past human migrations, but it is often difficult to examine how challenging they really were. One important message from the whole project was that our Paleolithic ancestors were real challengers. Like us today, they had to undertake strategic challenges to advance," said Kaifu. "For example, the ancient Polynesian people had no maps, but they could travel almost the entire Pacific. There are a variety of signs on the ocean to know the right direction, such as visible land masses, heavenly bodies, swells and winds. We learned parts of such techniques ourselves along the way."
Funding: This work was financially supported by JSPS KAKENHI grant JP18H03596.
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Farming without famine: Ancient Andean innovation rewrites agricultural origins | ScienceDaily
In the Andes, the rise of agriculture to replace foraging was not the result of hardship and resource scarcity, but instead a time of economic resilience and innovation, according to a study published June 25, 2025 in the open-access journal PLOS One by Luis Flores-Blanco of the University of California Davis and Arizona State University, U.S., and colleagues.


						
The transition from foraging to farming was a major shift in human history that laid the foundations for the expansion of modern civilization. The current prevailing view is that this transition was a time of hardship, with communities forced to rely on crops due to growing human populations and dwindling wild food resources. In this study, Flores-Blanco and colleagues examine the diet of people living in the Andes throughout this transitional period.

The researchers interpreted ancient diets by measuring ratios of Carbon and Nitrogen isotopes from the bones of 16 individuals buried at the sites of Kaillachuro and Jiskairumoko in the Lake Titicaca Basin. Both sites were inhabited from approximately 5,000 to 3,000 years ago, during the transition from foraging to farming. Isotope signatures indicate a high proportion (84%) of plant material in the diet, supplemented by a smaller proportion of meat from large mammals. These proportions are not only consistent throughout this transitional time period at both sites, they are also identical to those of earlier foraging communities and later farming communities.

Altogether, these results contradict the image of an agricultural shift driven by hardship, and instead reveal that food resources remained consistent for thousands of years. Wild foods were increasingly managed and domesticated, creating mixed foraging-farming economies. The authors propose that this economic resilience was likely aided by certain cultural advances happening at this time, including expanding trade networks and innovations in ceramic and archery technologies.

Luis Flores-Blanco adds: "Our research shows that the origin of agriculture in the Titicaca Basin was a resilient process. Ancient Andean peoples relied on their deep knowledge of harvesting wild plants like potatoes and quinoa, as well as hunting camelids. With this understanding of their environment, they effectively managed their resources -- domesticating both plants and animals -- and gradually incorporated these domesticated species into their diet. So, the first Altiplano farmers continued to rely on the same foods consumed by Archaic foragers. In this research, we show that this Andean economy path made this transition both beneficial and stable."

"These discoveries come from integrating contributions from different specialized fields, from extracting dietary information from bones, analyzing macrobotanical remains, and running statistical analyses."

Luisa Hinostroza adds: "This article challenges the traditional idea that the transition to agriculture occurred out of necessity or periods of crisis. Our findings demonstrate, instead, that in the Altiplano, it was a process marked by stability and food sufficiency sustained for thousands of years. These results constitute crucial evidence revealing the capacity of Andean societies to efficiently manage their resources, such as tubers and grains, and maintain long-term stability."

Funding: National Science Foundation grant (SBR-9816313) awarded to MA. The Rust Family Foundation (RFF-2021-146 and RFF-2023-212), the American Philosophical Society (2021), Carlos Brignardello Grant (IFEA 2020), National Geographic Society (EC-97351R-23), and the University of California, Davis to LFB.
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New test unmasks illegal elephant ivory disguised as mammoth | ScienceDaily
To save elephant populations from extinction, the international community banned the sale of their ivory -- but selling mammoth ivory remains legal, and the two are difficult to tell apart, especially for non-experts. This leaves a possible loophole for sellers of poached ivory to exploit. Now stable isotope analysis could provide a cheap, rapid option to speed up sample screening and stop the sale of elephant ivory.


						
"Smugglers routinely use mixed shipments -- an illegal wildlife product mixed with a legal one of similar appearance -- to fool law enforcement," said Dr Pavel Toropov of the University of Hong Kong, an author of the article in Frontiers in Ecology and Evolution. "There are concerns that this is happening with mammoth and elephant ivories. Our aim was to develop a tool that can cheaply and quickly distinguish between the two ivories."

"Our results showed that stable isotope analyses of hydrogen and oxygen isotopes is an efficient tool to distinguish elephant and mammoth ivory," said Dr Maria Santos of the University of Hong Kong, first author of the article. "This is because the elements of water drunk by mammoths in high-latitude regions such as Siberia have distinct isotope signatures compared to the elements of the water ingested by elephants in tropical latitudes."

CSI Ivory

To secure elephants' tusks, poachers kill them. The demands of the modern trade in elephant ivory have caused African elephant populations to drop by more than 80% in the last century, leading to bans on the trade and sale of elephant ivory worldwide. Mammoth ivory, meanwhile, comes from the remains of animals excavated from the permafrost in high-latitude regions like Siberia, preserved since the last Ice Age.

"Mammoth ivory costs a fraction of the price of elephant ivory, but the two are considered completely different materials by carvers and experts, because mammoth ivory usually lacks the deep, creamy white color of elephant ivory," said Toropov. "One trader compared them to a 'Lamborghini and a Ford'. Mammoth ivory cannot be a real substitute for elephant ivory, but its value may lie in providing a legal cover for elephant ivory."

"The two most effective current methods to distinguish mammoth and elephant ivory are molecular analyses and radiocarbon dating -- morphological characteristics are often ambiguous in pieces that have been polished or carved," said Santos. "However, these tools are expensive, and results typically take weeks."

The scientists investigated stable isotope analysis as an alternative. Isotopes, different forms of an element, are present in different ratios in different environments. Because mammoths and modern elephants occupied very different environments -- the tundra versus the tropics -- stable isotope analysis can use these differences to distinguish between ivory from an elephant and from a mammoth.




A mammoth task

The scientists tested 79 pieces of ivory, 44 identified as elephant ivory and 35 identified as mammoth ivory. Some were seized by Hong Kong law enforcement and others bought from carvers or markets in Hong Kong and Shanghai. The researchers examined five different elements' stable isotope ratios -- carbon, hydrogen, nitrogen, oxygen and sulfur -- to see which would distinguish most clearly between the samples.

The scientists found that there was very little overlap between the elephants' and the mammoths' isotope ratios for oxygen, and no overlap for hydrogen, reflecting differences in the water that the animals drank. However, there was significant overlap for carbon, nitrogen, and sulfur isotope ratios. This indicates that targeting oxygen and hydrogen isotope ratios is the most effective way to differentiate between mammoth and elephant ivory samples.

More research will be needed to understand the influence of factors like the portion of the tusk sampled or an animal's age on isotope ratio variation, as well as to bring this method to a point where it can be used as evidence in court. For now, however, it could be used to provide a quick, efficient first screening step to identify suspect pieces of ivory.

"We hope that the protocol described in our study will be applied to screen large batches of supposedly mammoth ivory objects," explained Santos. "Samples that have an isotopic signature of elephant ivory can then be tested with more expensive and time-consuming methods, such as radiocarbon dating. This could help combat the illegal ivory trade more effectively and close the potential laundering loophole."
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Scientists reveal your morning coffee flips an ancient longevity switch | ScienceDaily
A new study from the Cellular Ageing and Senescence laboratory at Queen Mary University of London's Cenfre for Molecular Cell Biology, reveals how caffeine -- the world's most popular neuroactive compound -- might do more than just wake you up. The study in the journal Microbial Cell shows how caffeine could play a role in slowing down the ageing process at a cellular level.


						
Caffeine has long been linked to potential health benefits, including reduced risk of age-related diseases. But how it works inside our cells, and what exactly are its connections with nutrient and stress responsive gene and protein networks has remained a mystery -- until now.

In new research published by scientists studying fission yeast -- a single-celled organism surprisingly similar to human cells -- researchers found that caffeine affects ageing by tapping into an ancient cellular energy system.

A few years ago, the same research team found that caffeine helps cells live longer by acting on a growth regulator called TOR (Target of Rapamycin). TOR is a biological switch that tells cells when to grow, based on how much food and energy is available. This switch has been controlling energy and stress responses in living things for over 500 million years.

But in their latest study, the scientists made a surprising discovery: caffeine doesn't act on this growth switch directly. Instead, it works by activating another important system called AMPK, a cellular fuel gauge that is evolutionarily conserved in yeast and humans.

"When your cells are low on energy, AMPK kicks in to help them cope," explains Dr Charalampos (Babis) Rallis, Reader in Genetics, Genomics and Fundamental Cell Biology at Queen Mary University of London, the study's senior author. "And our results show that caffeine helps flip that switch."

Interestingly, AMPK is also the target of metformin, a common diabetes drug that's being studied for its potential to extend human lifespan together with rapamycin.

Using their yeast model, the researchers showed that caffeine's effect on AMPK influences how cells grow, repair their DNA, and respond to stress -- all of which are tied to ageing and disease.

"These findings help explain why caffeine might be beneficial for health and longevity," said Dr John-Patrick Alao the postdoctoral research scientist leading this study. "And they open up exciting possibilities for future research into how we might trigger these effects more directly -- with diet, lifestyle, or new medicines."

So, the next time you reach for your coffee, you might be doing more than just boosting your focus -- you could also be giving your cells a helping hand.
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Martian dust to dream homes: How microbes can build on the red planet | ScienceDaily
Inhabiting Mars has long been a futuristic fantasy fueled by science fiction. However, successful landings on our neighboring planet over the past half-century have made this seemingly far-fetched idea increasingly plausible.


						
But don't start packing just yet. First, we must figure out how to build structures millions of miles from Earth. Sending rockets carrying massive payloads of construction materials into space isn't practical or affordable. So, how can we use the resources already present on the Red Planet to build your dream home?

Enter Texas A&M University's Dr. Congrui Grace Jin with the possible answer.

Jin and her colleagues from the University of Nebraska-Lincoln have worked for years on bio-manufacturing engineered living materials and have developed a synthetic lichen system that can form building materials with no outside intervention. Their latest study, funded by the NASA Innovative Advanced Concepts program and recently published in the Journal of Manufacturing Science and Engineering, applies this research to the autonomous construction of structures on Mars, using the planet's regolith, which includes dust, sand and rocks.

This advancement has the potential to revolutionize extraterrestrial construction by enabling structures to be built in the most demanding environments with restricted resources.

"We can build a synthetic community by mimicking natural lichens," explains Jin. "We've developed a way to build synthetic lichens to create biomaterials that glue Martian regolith particles into structures. Then, through 3D printing, a wide range of structures can be fabricated, such as buildings, houses and furniture."

Others have researched a variety of methods for bonding Martian regolith particles, including magnesium-based, sulfur-based, and a geopolymer creation. Yet all the methods require significant human assistance and thus are not feasible with the obvious lack of manpower on Mars.




Another approach has been microbe-mediated self-growing technology. Various designs have been developed, such as bacterial biomineralization to bind sand particles into masonry, ureolytic bacteria to promote the production of calcium carbonate to make bricks, and NASA's exploration of the use of fungal mycelium as a bonding agent.

Although microbe-mediated self-growing technology is very promising, the current practices are not completely autonomous because the microbes being used are limited to a single species or strain, thus their survivability requires a continuous supply of nutrients, meaning outside intervention is needed. Again, the lack of manpower on Mars makes this challenging.

To solve this problem, Jin's team has developed a completely autonomous self-growing technology by designing a synthetic community making use of the advantages of multiple species. This system eliminates the need for external nutrient supplies.

The design uses heterotrophic filamentous fungi as bonding material producers because they can promote large amounts of biominerals and survive harsh conditions much better than heterotrophic bacteria. These fungi are paired with photoautotrophic diazotrophic cyanobacteria to create the synthetic lichen system.

How does it work? The diazotrophic cyanobacteria fix carbon dioxide and dinitrogen from the atmosphere and convert them into oxygen and organic nutrients to help the survival and growth of filamentous fungi and increase the concentration of carbonate ions by photosynthetic activities. The filamentous fungi bind metal ions onto fungal cell walls and serve as nucleation sites for biomineral production, as well as enhance the growth of cyanobacteria by providing them water, minerals, and carbon dioxide. Both components secrete biopolymers that enhance the adhesion and cohesion among Martian regolith and precipitated particles to create a consolidated body.

The system grows with only Martian regolith simulant, air, light and an inorganic liquid medium. In other words, no manpower needed.




"The potential of this self-growing technology in enabling long-term extraterrestrial exploration and colonization is significant," states Jin.

The next step of the project, already underway, is the creation of regolith ink to print bio-structures using the 3D printing technique of direct ink writing.

Jin is an assistant professor in the Mechanical and Manufacturing Engineering Technology program in the Department of Engineering Technology and Industrial Distribution at Texas A&M University. Her fellow researchers from the University of Nebraska-Lincoln are Dr. Richard Wilson, Nisha Rokaya and Erin Carr. Read about the team's related research.

Funding for this research is administered by the Texas A&M Engineering Experiment Station (TEES), the official research agency for Texas A&M Engineering.
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New viruses discovered in bats in China could be the next pandemic threat | ScienceDaily
Researchers have discovered two new viruses in bats that are closely related to the deadly Nipah and Hendra viruses -- pathogens that can cause severe brain inflammation and respiratory disease in humans. The viruses, as well as other new viruses, bacteria, and parasites identified from bat kidneys, were reported this week in the open-access journal PLOS Pathogens by Yun Feng of the Yunnan Institute of Endemic Disease Control and Prevention, China, and colleagues.


						
Bats are natural reservoirs for a wide range of microorganisms, including many notable pathogens that have been transmitted to humans. However, a full survey of the diverse array of viruses, fungi, bacteria, and parasites that infect bats has been lacking. Most previous studies have focused on bat feces rather than the animals' organs.

In the new study, researchers looked inside the kidneys of 142 bats from ten species, collected over four years across five areas of Yunnan province, China. Using advanced genetic sequencing, the team found 22 viruses -- 20 of them never seen before.

Two of the most concerning were new henipaviruses, the same genus as Nipah and Hendra viruses, which are known for their high fatality rates in humans. The henipaviruses were found in fruit bats living near orchards close to human villages. Since henipaviruses can spread through urine, the study raises concerns about contaminated fruit and the risk of these viruses jumping to humans or livestock.

The research also identified a novel protozoan parasite, tentatively named Klossiella yunnanensis, along with two highly abundant bacterial species, one of which is a newly discovered species -- Flavobacterium yunnanensis.

"These findings broaden our understanding of the bat kidney infectome, underscore critical zoonotic threats, and highlight the need for comprehensive, full-spectrum microbial analyses of previously understudied organs to better assess spillover risks from bat populations.," the authors say.

The authors add: "By analyzing the infectome of bat kidneys collected near village orchards and caves in Yunnan, we uncovered not only the diverse microbes bats carry, but also the first full-length genomes of novel bat-borne henipaviruses closely related to Hendra and Nipah viruses identified in China -- raising urgent concerns about the potential for these viruses to spill over into humans or livestock."

Funding: This study was funded by grants from the National Key R&D Program of China (2024YFC2607501 & 2024YFC2607502 to M.S.), Yunnan Revitalization Talent Support Program Top Physician Project (XDYC-MY-2022-0074 to Y.F.), the National Natural Science Foundation of China (82341118 to M.S.), Natural Science Foundation of Guangdong Province of China (2022A1515011854 to M.S.), Shenzhen Science and Technology Program (KQTD20200820145822023 to M.S.), Major Project of Guangzhou National Laboratory (GZNL2023A01001 to M.S.), Guangdong Province "Pearl River Talent Plan" Innovation, Entrepreneurship Team Project (2019ZT08Y464 to M.S.), and the Fund of Shenzhen Key Laboratory (ZDSYS20220606100803007 to M.S.), National Health & Medical Research Council (NHMRC) Investigator grant (GNT2017197 to E.C.H.) and AIR@InnoHK administered by the Innovation and Technology Commission, Hong Kong Special Administrative Region, China (to E.C.H.). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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Mammals didn't walk upright until late-here's what fossils reveal | ScienceDaily
For over a century, scientists have puzzled over a fundamental mystery in our evolutionary history: how did mammals go from sprawling like lizards to striding like cats and dogs? This transition -- from a sprawled stance (like a lizard) to an upright (parasagittal) posture -- marked a pivotal moment in mammal evolution. While the earliest non-mammalian synapsids, the ancestors of living mammals, had a sprawling posture, researchers debated when and how the upright postures of modern mammals evolved.


						
Now, a groundbreaking study in PLOS Biology led by Dr. Robert Brocklehurst, a former postdoctoral fellow in the Department of Organismic and Evolutionary Biology (OEB) at Harvard University, offers a surprising answer: the path to upright posture wasn't linear, but full of unexpected detours, evolutionary experimentation, and dramatic anatomical upheaval.

"The evolution of mammals has previously been characterized as a series of steps from sprawling, to semi-sprawling, to upright," said Brocklehurst. "However, what we discovered was a more nonlinear evolutionary progression throughout mammalian history."

All mammals -- from bats and whales to moles and humans -- share a distinctive way of moving: they hold their limbs underneath their bodies, unlike the sprawling posture with limbs out to the side. This posture enables more efficient movement and is tied to mammals' ability to adapt to diverse lifestyles, from digging to flying. This dramatic transition was also accompanied by big changes in limb bone shape and mechanics. To assess these changes, the team analyzed the humerus (upper arm bone) of over 60 non-mammalian synapsid fossils and 140 living animals, including mammals, reptiles and amphibians.

Using a novel analytical technique, pioneered in senior author Professor Stephanie Pierce's lab (also in OEB), researchers mapped each bone's surface to measure traits like length, mass distribution, muscle leverage, and torsion (the degree to which the bone twists along its length). These traits correlate with specific modes of locomotion and allowed the researchers to reconstruct posture and locomotion in the fossils.

"By correlating bone shape and limb biomechanics with posture, we could test how well the fossil bones were optimized for specific functional tasks, like upright walking versus sprawled walking," Brocklehurst said. The researchers achieved this by mapping the fossil non-mammalian synapsids onto a functional adaptive landscape, similar to a topographic map, with peaks and valleys that relate to high and low performance of different locomotor postures.

"We expected to see a neat progression -- from sprawling pelycosaurs to a bit more upright therapsids, then cynodonts, then fully upright mammals," said Brocklehurst. "Instead, we found bursts of innovation."

The findings suggest that mammal evolution involved a series of adaptive radiations, with each major ancestral groups exploring a range of forelimb functions and postures -- some of which were closer to modern mammals, others not.




"The path to upright posture wasn't a straight line," says Pierce, "the ancestors of mammals weren't steps on a ladder with modern mammals at the top. Mammals have been evolving and radiating into many different niches and habitats throughout their history, and their postures reflect that variation."

One fossil, a close relative of today's marsupials and placentals, showed bone features consistent with a modern upright gait, suggesting that fully parasagittal postures evolved relatively late in mammalian history as opposed to previously held hypotheses. This result supports recent work from the same lab on the backbone and hindlimb.

"Our work challenges the idea that posture changed gradually and early on," said Pierce, "instead, it shows that upright posture and locomotion were a late evolutionary innovation, not an early defining trait of the mammalian lineage."

The researchers also challenge the long-held idea that the earliest non-mammalian synapsids sprawled in a similar way to living lizards or crocodiles. "Our study showed that most synapsid limbs functioned differently than those of modern reptiles. They're not just copies of reptiles, but distinctive animals in their own right that are a little different from anything that's alive today," says co-author Kenneth Angielczyk of Chicago's Field Museum.

To compare such a wide range of bones -- spanning hundreds of species, including those hundreds of millions of years apart in age and wildly different in shape -- the team had to overcome major technical hurdles. Traditional methods that describe shape in similar structures didn't work. So, the team re-engineered an existing R software package designed for a different task, transforming it into a novel "slice-based" landmarking tool tailored for this study. Co-author Magdalen Mercado, former undergraduate student in the Integrative Biology program at Harvard, helped gather the extensive dataset as part of her senior thesis and research in the Pierce lab.

The study builds on a rich scientific legacy -- both at Harvard and in paleontology. Pierce, who is also Curator of Vertebrate Paleontology in the Museum of Comparative Zoology (MCZ), noted that, "Researchers and former MCZ curators, like Alfred Sherwood Romer and Farish Jenkins, Jr., were grappling with these same questions a century ago. Now, with new tools and data, we can revisit those ideas and see the story more clearly."

This study marks the first large-scale evolutionary analysis of mammalian posture using quantitative biomechanics. But that's just the beginning. The team is now building detailed models of forelimbs in select fossil species to understand how joints and muscles functioned in ancient animals, offering even deeper insights into the evolution of mammalian motion.




As Brocklehurst put it: "Understanding how mammals came to walk upright isn't just about bones, it's about uncovering the dynamic history of life on Earth."

Funding was provided by the US National Science Foundation (DEB1754459 and DEB1754502), by the Harvard Museum of Comparative Zoology and the Wetmore Colles Fund.

Robert Brocklehurst is currently a postdoctoral research associate in the Department of Biological Sciences at the University of Massachusetts, Lowell. Magdalen Mercado is currently a graduate student in the Committee on Evolutionary Biology at the University of Chicago.
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The brain's sweet spot: How criticality could unlock learning, memory-and prevent Alzheimer's | ScienceDaily
In a new paper with implications for preventing Alzheimer's disease and other neurological disorders, Keith Hengen, an associate professor of biology in Arts & Sciences at Washington University in St. Louis, suggests a new comprehensive approach to understanding how the brain works and the rules it must follow to reach optimal performance.


						
"There's a common perception that the human brain is the most complicated thing in the universe," Hengen said. "The brain is immensely powerful, but that power may arise from a relatively simple set of mathematical principles."

Hengen starts with the premise that almost everything our brains do is learned or powerfully shaped by experience. In other words, we aren't born with hard-wired circuits preprogrammed to help us read, drive cars or do anything else that we do every day. A healthy brain must be ready to learn anything and everything.

But how is a collection of neurons capable of learning? Hengen suggests that brains become learning machines only when they reach a special state called "criticality." A concept borrowed from physics, criticality describes a complex system that is at the tipping point between order and chaos. At this razor's edge, brains are primed to gain new information, Hengen said. "Brains need to reach criticality to think, remember and learn."

Hengen proposed criticality as a unifying theory of brain function and disease in the prestigious journal Neuron. Woodrow Shew, a physicist at the University of Arkansas, is the co-author.

A biologist and a physicist may seem like an odd pairing, but the new unifying theory blends both realms of science. Physicists often describe criticality using the classic example of a sand pile: As sand is added, the pile will grow steeper and steeper until it eventually avalanches. Right before that final grain triggered a moment of chaos, the pile was at a critical angle, one step away from instability.

Shew explained that physicists first developed a deep understanding of criticality as a way to describe magnets and other materials. Around the turn of the 21st century, these ideas were expanded to explain a broader range of complex systems, including avalanches, earthquakes and, ultimately, living systems and the brain.




A defining aspect of critical systems is that they look the same at any scale: A sand pile on the brink of an avalanche has the same slope whether the pile is tiny or mountainous. In the brain, criticality is constant whether it's measured in a handful of neurons or an entire region. Likewise, brain patterns that unfold in time are startlingly similar when considered in milliseconds or hours. "This matches our intuitive understanding of how brains work," Hengen said. "Our internal experiences span milliseconds to months. They don't have a scale."

Hengen and Shew suggest that criticality isn't just a theoretical concept; it's a state that can be precisely measured and calculated through fMRI brain imaging technology. "Criticality is the optimal computational state of the brain," Hengen said. "We've developed a mathematical way to measure how close the brain is to criticality, which should help us nail down the fundamental questions about how a human brain works."

A new understanding of disease 

The criticality framework offers a new perspective for understanding neurological disease. Rather than focusing on specific damaged brain regions or accumulated proteins, Hengen argues that diseases such as Alzheimer's destroy something more basic: the brain's ability to maintain criticality.

"Alzheimer's and other neurodegenerative diseases don't just damage neurons, they break the brain's general ability to compute by slowly dissolving criticality," Hengen explained. "As a brain moves further and further from criticality, it loses the ability to adapt and process information effectively."

This framework explains a puzzling feature of brain diseases: Patients often appear completely normal until they've lost many neurons. "The brain has remarkable compensatory abilities that can mask functional problems even as criticality begins to erode," Hengen said. "Traditional assessments miss the early stages because they focus on established endpoints that the brain tries to maintain through workarounds."

As criticality gradually deteriorates, the brain works harder to achieve the same cognitive outcomes, Hengen said. "It's like an engine that still runs but requires more fuel and generates more heat. By the time we notice memory problems or other symptoms, criticality has likely been compromised for years."




Hengen's collaboration with David M. Holtzman, MD, the Barbara Burton and Reuben M. Morriss III Distinguished Professor at WashU Medicine, has revealed that tau protein buildup in Alzheimer's directly disrupts criticality, providing a clear link between the disease's molecular hallmarks and cognitive collapse.

This connection between criticality and Alzheimer's opens exciting diagnostic possibilities. In theory, a simple fMRI could help detect breakdowns in criticality years before symptoms appear. "In combination with cutting-edge blood tests, we could identify people at risk and intervene before irreversible damage occurs," Hengen said.

In another collaboration, Hengen has teamed up with Deanna Barch, the Gregory B. Couch Professor of Psychiatry at WashU Medicine and a professor of psychological and brain sciences in Arts & Sciences, for an observational study to see how criticality at birth determines cognitive development and abilities in childhood. "From the beginning, some kids are closer to criticality than others, which, based on our theory, suggests they are going to be better learners," Hengen said. "Many outside factors can affect their success in school, but criticality can explain an impressive amount of the variability between children."

The sleep-mind connection 

In early 2024, Hengen and co-author Ralf Wessel, a professor of physics in Arts & Sciences at WashU, used the concept of criticality to revisit an age-old question: Why do we need sleep? By tracking brain activity over multiple weeks, they found that sleep restores a state of criticality. "Being awake and active moves us away from criticality, and sleep is like a reset button," Hengen explained.

That insight could help researchers unlock the power of sleep as a therapy for Alzheimer's and other neurological diseases that push the brain away from its optimal state. Previous studies by Holtzman and others have found that people who don't get the sleep they need -- perhaps due to shift work or chronic insomnia -- are at a much higher risk for Alzheimer's as they age. And there's already some evidence that sleep interventions can help slow the progression of Alzheimer's symptoms.

Hengen believes that targeted, intensive sleep-based therapy could help restore criticality and improve learning and memory in people with brain disease. Studies of mice conducted by Holtzman and James McGregor, a postdoctoral researcher in Hengen's lab, offer a glimpse of the possibilities: Mice specifically bred to have symptoms of Alzheimer's become faster learners after a targeted sleep intervention reinforces criticality.

Critical future 

There is much work to be done, but Hengen would eventually like to understand how criticality helps explain complex features of human neurobiology. "We may find that someone who is an amazing artist, for example, might be extremely close to criticality in parts of the brain involved in creative ideation," he said. It's also possible that a close look at criticality could point to undiscovered tendencies or talents that just need an outlet. "Maybe they never tried art, but we can see that the potential is there."

In the meantime, Hengen, Shew, and others are spreading the word about the importance of criticality. Hengen presented a TEDx talk on the subject in 2024 and shared his work at Arts & Sciences' inaugural research pitch competition, where he took second place. He hopes the new Neuron paper will inspire conversations among neurologists, doctors, reporters and the general public.

A unified theory of the mind could change the world, but first, it must unify the experts. "Woody (Shew) and I really think we're on to something here," Hengen said. "And, perhaps slowly, others are starting to agree."

WashU was the ideal place for a new concept of the brain to emerge, Hengen said. "We're surrounded by brilliant people in diverse fields, including physics, biology, psychology, mathematics and neuroscience, and the community here is remarkably supportive," he said. "Everyone is ready to help."
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Vitamin C flips your skin's "youth genes," reversing age-related thinning | ScienceDaily
The skin acts as the body's first line of defense against external threats. However, as we age, the epidermis -- the outermost layer of skin -- gradually becomes thinner and loses its protective strength. About 90% of the cells in this layer are keratinocytes, which originate from deeper layers of the epidermis and migrate upward, ultimately forming the skin's protective barrier. To combat aging's impact on skin, numerous studies have emphasized the benefits of vitamin C (VC), a vitamin well known for its role in skin health and antioxidant properties.


						
Now, researchers in Japan have discovered that VC helps thicken the skin by directly activating genes that control skin cell growth and development. Their findings, published online in the Journal of Investigative Dermatology on April 20, 2025, suggest that VC may restore skin function by reactivating genes essential for epidermal renewal.

This study was led by Dr. Akihito Ishigami, Vice President of the Division of Biology and Medical Sciences at Tokyo Metropolitan Institute for Geriatrics and Gerontology (TMIG), Japan, in collaboration with Hokuriku University, and ROHTO Pharmaceutical Co., Ltd. Associate Professor Ayami Sato from TMIG (currently at the Toyo University); Associate Professor Yasunori Sato, Professor Toshiyuki Kimura, and Mr. Hideki Tanaka (currently at the University of Fukui Hospital) from Hokuriku University; and Ms. Florence, Ms. Akari Kuwano, Mr. Yasunari Sato, and Mr. Tsuyoshi Ishii from ROHTO Pharmaceutical Co., Ltd also co-authored the study.

"VC seems to influence the structure and function of epidermis, especially by controlling the growth of epidermal cells. In this study, we investigated whether it promotes cell proliferation and differentiation via epigenetic changes," explains Dr. Ishigami, while talking about this study.

To investigate how VC affects skin regeneration, the team used human epidermal equivalents, which are laboratory-grown models that closely mimic real human skin. In this model, skin cells are exposed to air on the surface while being nourished from underneath by a liquid nutrient medium, replicating the way human skin receives nutrients from underlying blood vessels while remaining exposed to the external environment.

The researchers used this model and applied VC at 1.0 and 0.1 mM -- concentrations comparable to those typically transported from the bloodstream into the epidermis. On assessing its effect, they found that VC-treated skin showed a thicker epidermal cell layer without significantly affecting the stratum corneum (the outer layer composed of dead cells) on day seven. By day 14, the inner layer was even thicker, and the outer layer was found to be thinner, suggesting that VC promotes the formation and division of keratinocytes. Samples treated with VC showed increased cell proliferation, demonstrated by a higher number of Ki-67-positive cells -- a protein marker present in the nucleus of actively dividing cells.

Importantly, the study revealed that VC helps skin cells grow by reactivating genes associated with cell proliferation. It does so by promoting the removal of methyl groups from DNA, in a process known as DNA demethylation. When DNA is methylated, methyl groups attach to cytosine bases, which can prevent the DNA from being transcribed or read, thereby suppressing gene activity. Conversely, by promoting DNA demethylation, VC promotes gene expression and helps cells to grow, multiply, and differentiate.




The study suggests that VC supports active DNA demethylation by sustaining the function of TET enzymes (ten-eleven translocation enzymes), which regulate gene activity. These enzymes convert 5-methylcytosine (5-mC) into 5-hydroxymethylcytosine (5-hmC), a process in which Fe2+ is oxidized to Fe3+. VC helps maintain TET enzyme activity by donating electrons to regenerate Fe2+ from Fe3+, enabling continued DNA demethylation.

The researchers further identified over 10,138 hypomethylated differentially methylated regions in VC-treated skin and observed a 1.6- to 75.2-fold increase in the expression of 12 key proliferation-related genes. When a TET enzyme inhibitor was applied, these effects were reversed, confirming that VC functions through TET-mediated DNA demethylation.

These findings reveal how VC promotes skin renewal by triggering genetic pathways involved in growth and repair. This suggests that VC may be particularly helpful for older adults or those with damaged or thinning skin, boosting the skin's natural capacity to regenerate and strengthen itself.

"We found that VC helps thicken the skin by encouraging keratinocyte proliferation through DNA demethylation, making it a promising treatment for thinning skin, especially in older adults," concludes Dr. Ishigami.

This study was supported by grants from the Japan Society for the Promotion of Science (JSPS) KAKENHI: grant number 19K05902.
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Scientists reprogram ant behavior using brain molecules | ScienceDaily
From the bright lights of cities that don't sleep -- where people hustle and bustle through the night to keep subways, servers, and supply chains alive -- to the whisper-dark understory of tropical forests where ants hum in syncopated lines, the planet's most intricate societies hinge on round-the-clock cooperation and finely tuned roles.


						
Within Atta cephalotes, or leafcutter ants, every role is pre-written in morphology, from curves of the mandible (jaws) to body size, scripting a precise division of labor. The hulking Major ants serve as sentinels, patrolling doorways and repelling intruders; the slightly more diminutive Media ants harvest leaf confetti for nimble Minors, the colony custodians and caretakers; and, at the tiniest tier, pin-sized Minima ants groom fungal gardens and cradle the brood.

Now, researchers led by Shelley Berger of the University of Pennsylvania, have revealed key elements of the leafcutters' genetic code, pinpointing two signaling molecules that can be dialed up or down to reprogram ant duties. Crustacean cardioactive peptide (CCAP), elevated in Media ants, promotes leaf-harvesting tasks and can induce similar behavior in other subcastes. Neuroparsin-A (NPA), abundant in Majors, however, suppresses brood care and is linked to defensive patrols, alternately lowering its levels of NPA prompts caregiving behavior.

Reporting their findings in Cell, the researchers also uncovered a striking parallel: gene-expression patterns that govern division of labor in leafcutter ants mirror those in eusocial naked mole-rats -- mammals that similarly abide by cooperative brood care -- hinting at a convergent molecular mechanism dating back over 600 million years.

"We were amazed to see the apparent similarity of gene regulation between nurses and foragers of ants compared to naked mole-rat mammals -- this was unexpected," says Berger the Daniel S. Och Penn Integrates Knowledge University Professor with appointments in the School of Arts & Sciences and the Perelman School of Medicine. "Our results in ants reinforce how single neuropeptides can dramatically alter behavior, which may be applicable to human social behavior -- although humans of course are much more complex."

From carpenters to leafcutters 

Building on previous research on the carpenter ants, which have a similar but simpler social organization consisting of two roles -- forager and soldier -- the team investigated several different neuropeptides in leafcutters to explore how these principles scaled up to the more nuanced four-subcaste structure of Major, Media, Minor, and Minim.




The researchers created 3D-printed behavioral chambers that allowed them to monitor how ants interacted with leaves, the brood, or fungus. These chambers enabled tracking and quantification of behavior through video analysis, demonstrating how altering CCAP and NPA levels in ants induced dramatic and reproducible shifts in their assigned tasks.

"Generally speaking, specific neuropeptides are more abundant in certain castes, so we looked at the levels of neuropeptides in the brains of each caste," explains Karl Glastad, assistant professor at the University of Rochester and former postdoctoral researcher in the Berger lab. "In Majors, the neuropeptide that dictates leafcutter behavior is low and the neuropeptide that stops nursing is high, so if we increase the former, it leads to leafcutter behavior, and if we decrease the latter, it leads to nursing and caretaking of brood."

Glastad adds that these neuropeptides, once bound to their matching receptors, spark an intricate signaling cascade that ripples through gene networks, like a molecular Rube Goldberg machine, that leads to ants shifting from one specialized task to another.

Molecular mechanisms across kingdoms 

To further explore the evolutionary depth and implications of this behavioral script, the team investigated naked mole-rats a distant evolutionary cousin whose subterranean colonies echo the caste-like harmony of leaf-cutter nests.

"At first, I thought incorporating naked mole-rats felt like a bit of a boondoggle," laughs Glastad. "But we were amazed to discover that there's actually a lot of similarities in the molecular regulation of these kinds of foraging and caretaking castes between the brains of these two species."

Despite naked mole-rats lacking the exact neuropeptides like NPA found in ants, the researchers hypothesized that these peptides might still activate ancient, conserved pathways common to both species due to promiscuity of certain, more conserved receptors.




"When we saw these intriguing neuropeptide results, we pursued the idea that maybe this neuropeptide is plugging into some conserved gene pathways that convergently evolved in these very different animals to manage distinct behaviors," Glastad explains. "And remarkably, we found substantial overlap -- enough that the ant neuropeptide could even activate endogenous receptors in the naked mole-rat brain. Discovering that unexpected convergence was incredibly cool and, frankly, fortuitous."

A novel role for insulin regulatory pathways? 

The findings also reveal intriguing connections to insulin regulation pathways, known for their important role in sugar metabolism.

Particularly, insulin-like peptides such as Ilp1 were prominently expressed alongside NPA, suggesting a previously unappreciated interplay between neuropeptide signaling and insulin pathways in behavioral regulation.

"By discovering, essentially, that there's this link between insulin and maternal caretaking behavior, both with naked mole-rats and then also with leafcutter ants, we speculate that this might open the door for potentially looking at how disorders in insulin regulation may affect these behaviors," says first author Maxxum Fioriti, a graduate researcher in the Berger Lab.

"This connection launches new avenues for research into how insulin might regulate caregiving behaviors in mammals, potentially even humans," Fioriti says, venturing that insulin resistance disorders like diabetes may affect maternal mental health and post-partum depression.

Extending to lifespan plasticity 

Looking ahead, Berger's team is keen to explore the persistence of biological plasticity as it relates to behaviors. They are also interested in extending their work to late life rejuvenation and lifespan plasticity because reproductive ant queens live much longer than workers that don't reproduce.

Berger believes that epigenetics, the study of how gene activity can be turned on or off without changing the underlying DNA, offers powerful ways to understand not only behavioral plasticity but lifespan plasticity too.

"We're really interested in how long the reprogrammed behavior persists, and what are the pathways for long-lived queens," she says. "I think both phenomena are of enormous interest in mammalian and human biology -- the long-term effects of the plasticity of behavior and lifespan we're investigating."

Speaking about future research on lifespan plasticity, Fioriti notes that one of the other ant species in the lab has amazing lifespan plasticity, "where instead of having just different behaviors, they can also switch between a long-lived queen versus a short-lived worker."

"We have these comparisons of the ant behavior model with the naked mole-rat, and we're also interested in seeing if we can couple understanding lifespan plasticity between ant and naked mole-rat as well," Fioriti says.

Key Takeaways
    	Researchers led by Penn Integrates Knowledge Professor in the  School of Arts & Sciences and the Perelman School of Medicine  Shelley Berger explore the genetic basis of how communal-dwelling  organisms like leafcutter ants and naked mole-rats divide labor among  their societies
    	They discovered that pathways dating back hundreds of millions of years are conserved across animal kingdoms
    	Their findings offer fundamental insights into the origins of complex social behaviors and the neuroplasticity of assigned roles
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1. 7 million patients reveal stunning link between semaglutide and lower dementia risk | ScienceDaily
Researchers at the Case Western Reserve School of Medicine have found that semaglutide, a popular diabetes and weight-loss drug, may lower the risk of dementia in people with type 2 diabetes (T2D).


						
Dementia, a condition that slowly makes it harder for people to remember things and think clearly, occurs when brain cells are damaged and their connections stop working properly. This damage, which worsens over time, can be caused by various modifiable factors, including obesity, T2D, cardiovascular diseases, traumatic brain injury and stroke.

According to the National Institutes of Health, more than 6 million people in the United States are diagnosed with dementia, and it causes more than 100,000 deaths each year. Encouragingly, research indicates that 45% of dementia cases could be prevented by addressing modifiable risk factors.

The study, published on June 24 in the Journal of Alzheimer's Disease, suggests T2D patients taking semaglutide had a significantly lower risk of developing dementia compared to other antidiabetic medications. These results were more profound in women and older adults.

Semaglutide, a glucagon-like peptide receptor (GLP-1R) molecule that decreases hunger and helps regulate blood sugar in T2D, is also the active component in the diabetes and weight-loss drugs Wegovy and Ozempic. Semaglutide has shown a broad range of benefits, including reductions in cardiovascular diseases.

The research team -- led by biomedical informatics professor Rong Xu -- analyzed three years of electronic records of nearly 1.7 million T2D patients nationally. The researchers used a statistical approach that mimics a randomized clinical trial.

They found patients prescribed semaglutide had a significantly lower risk for Alzheimer's disease-related dementia, compared to those who had taken any of seven other anti-diabetic medications, including other types of GLP-1R-targeting medications.

"There is no cure or effective treatment for dementia, so this new study provides real-world evidence for its potential impact on preventing or slowing dementia development among at-high risk population," said Xu, who also directs the School of Medicine's Center for AI in Drug Discovery and is a member of the Cancer Genomics Epigenomics Program at the Case Comprehensive Cancer Center.

Although their findings potentially support the idea that semaglutide could prevent dementia, the study's limitations restrict the researchers from making firm causal conclusions, she said.

"Our results indicate that research into semaglutide's use for dementia prevention will need to be further investigated through randomized clinical trials" Xu said.
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The pleasure prescription: Why more sex means less menopause pain | ScienceDaily
It's no secret that women often become less interested in sex with age. However, orgasm and satisfaction have been shown to not decline significantly with age. A new study suggests regular sexual activity may limit vulvar pain, irritation, and dryness, which are all common reasons women have less sex as they get older. Results of the study are published online today in Menopause, the journal of The Menopause Society.


						
Estrogen deficiency during and after menopause may reduce the life expectancy of women and impair their quality of life through a condition called genitourinary syndrome of menopause (GSM). In 2014, GSM was defined as a collection of symptoms and signs associated with decreased estrogen and sex steroid levels. GSM includes genital, sexual and urinary symptoms -- all of which can affect the frequency of sexual activity for women aged in their 40s to 70s.

In this new study involving more than 900 women aged 40 to 79 years, researchers sought to examine the association between sexual regularity and vulvovaginal-related problematic menopause symptoms. The vulva refers to the external female genitalia, and the vagina to the internal anatomy. Common problems experienced with menopause include itching, burning, pain, decreased lubrication, and changes in skin appearance.

Engaging in sexual activity in the past 3 months was defined as regular sexual activity, whereas engaging in sexual activity in the past year (but not in the past 3 months) was considered lower sexual activity. Not surprisingly, the researchers confirmed that the proportion of women having regular sexual activity decreased significantly with age, which aligns with the fact that Female Sexual Function Index scores for sexual desire, arousal, and lubrication also significantly decreased with age. The Female Sexual Function Index consists of 19 questions on female sexual function under six domains. Noteworthy, however, was that the scores for orgasm and satisfaction did not change with age.

Based on the results of the study, the researchers determined that some sexual functions and symptoms change with age but may be maintained in women who engage in more regular sexual activity. This study also revealed that women with regular sexual activity showed a low prevalence of GSM-related symptoms.

Study results are published in the article "Cross-sectional study of the association between regular sexual activity and sexual function and genitourinary syndrome of menopause-related symptoms."

"The findings highlight the importance of diagnosing and treating GSM. Only 2.9% of the participants reported using hormone therapy. Local low-dose vaginal estrogen therapy is safe and highly effective at alleviating bothersome vulvovaginal symptoms contributing to pain and avoidance of intercourse. And although optimal sexual health is integral to overall well-being, it is also imperative to recognize the effect these symptoms can have on women who aren't sexually active. Treatment should be offered to anyone with symptoms, whether engaging in sexual activity or not. Normalizing use of local low-dose estrogen therapy should be a thing," says Dr. Monica Christmas, associate medical director for The Menopause Society.
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Ancient carbon 'burps' caused ocean oxygen crashes - and we're repeating the mistake | ScienceDaily
New research from the University of California, Davis, the Chinese Academy of Sciences and Texas A&M University reveals that massive emissions, or burps, of carbon dioxide from natural earth systems led to significant decreases in ocean oxygen concentrations some 300 million years ago.


						
Combining geochemical analyses of sediment cores and advanced climate modeling, the study, published June 23 in Proceedings of the National Academy of Sciences, highlights five periods when significant decreases in ocean oxygen levels (by 4% to 12%) coincided with significant increases in levels of carbon dioxide in the atmosphere. Such oxygen-less, or anoxic, events are known for their detrimental effects on marine life and biodiversity.

Despite their roots in the deep past, the findings are relevant to the current global climate and its future. If events of a similar scale were to happen today, they would likely affect coastal areas that are important for fisheries and marine biodiversity.

"This is our only analog for big changes in carbon dioxide at levels comparable to what we're living in today, where we see doublings and triplings of the levels," said senior author Isabel P. Montanez, a Distinguished Professor in the Department of Earth and Planetary Sciences at UC Davis.

What's different, though, is the source of the carbon dioxide. While carbon dioxide levels of long-past climates were influenced by natural systems like volcanic eruptions, human-produced and human-related carbon dioxide emissions strongly influence today's levels.

"We're creating a burp now and at a rate two, maybe three, orders of magnitude faster than in the past," Montanez said.

Sediment cores and deep climate modeling

In the study, the team used sediment cores sourced from a geological formation in South China called the Naqing succession. By analyzing the geochemical makeup of these deep-water cores, specifically carbonate uranium isotopes, the team chronicled Earth's environmental conditions from 310 to 290 million years ago.




"Through that analysis, we see these 'burps' not just in carbon dioxide but in the ocean's uranium isotope signature too," Montanez said. "They're totally aligned, and the size of those uranium spikes tell us about the magnitude of the ocean anoxia."

The team then used that information to inform leading-edge climate models, developed by the authors of this study, that are used to better understand ancient climates.

"It's a mathematical framework in which we put in all our proxy information and we run it hundreds of thousands of times on a supercomputer," Montanez said. "It basically best models what is most realistic given all the uncertainties, all the knowns, all the information that it's given."

Based on the modeling, the team found five instances of decreased oxygen in the global ocean by 4% to 12% from 290 to 310 million years ago. Each period lasted for roughly 100,000 to 200,000 years.

While the decrease in ocean oxygen doesn't appear to correlate to any known mass extinctions, it does align with pauses in biodiversity that can be seen in the geological record.

"We do see these pauses in biodiversity each time these burps happen," Montanez said. "It had an impact, most likely coastal regions were impacted the most."

Records of the past, lessons for the future




The Earth of 300 million years ago was vastly different than the Earth of today. For one, oxygen in the atmosphere was 40% to 50% higher than it is today. Despite the differences between past and present, the magnitude of the rises in carbon dioxide levels are similar.

That could be interpreted as a warning, according to Montanez.

"This is a huge discovery because how do you take an ocean sitting under an atmosphere with much more oxygen than today and permit this?" Montanez said. "The message for us is, 'Don't be so sure that we can't do this again with our current human-driven release of carbon dioxide.'"

Additional authors are: Jitao Chen, Chinese Academy of Sciences; Shihan Li and Shuang Zhang, Texas A&M University; Terry Isson, University of Waikato, New Zealand; Tais Dahl, University of Copenhagen, Denmark; Noah Planavsky, Yale University; Feifei Zhang, Xiang-dong Wang and Shu-Zhong Shen, Nanjing University, China.

The research was supported in part by grants from the National Natural Science Foundation of China and the U.S. National Science Foundation.
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Killer whales use seaweed tools in never-before-seen grooming behavior | ScienceDaily
Primates, birds, and elephants are all known to make tools, but examples of tool use among marine animals are much more limited. Reporting in the Cell Press journal Current Biology on June 23, a team of whale experts has found widespread tool manufacture and usage in an endangered population of resident killer whales living in the Salish Sea -- part of the Pacific Ocean between British Columbia and Washington. The whales fashion tools from kelp and use them for grooming purposes.


						
"We found that southern resident killer whales regularly use lengths of bull kelp during social interactions, apparently as a tool to groom one another," says Michael Weiss (@CetaceanMike) of the Center for Whale Research in Friday Harbor, WA. "To find that the whales were not just using but also manufacturing tools, and that these objects were being used in a way never before reported in marine mammals, was incredibly exciting."

Weiss and his team discovered this unexpected whale activity while conducting aerial observations of southern resident killer whales, which are a critically endangered whale population with fewer than 80 individuals left found in the Pacific Northwest. The team has been monitoring the whales since 2018 to learn more about their foraging and social behavior.

"While there are other killer whales around the world, the southern residents represent a genetically, ecologically, and culturally distinct population," says Weiss.

Through the high-resolution footage collected by their aircraft, the researchers found that the whales created tools by breaking off the ends of bull kelp stalks. They then pressed pieces of kelp against a partner and rolled the kelp between their bodies for long periods of time.

The researchers observed this behavior in whales across all social groups, both sexes, and all age classes. They found that whales were more likely to groom closely related whales or similarly aged partners. They also saw some evidence that whales with more molting or dead skin were more likely to engage in grooming, suggesting it may have a hygienic function.

"What I find most remarkable is that despite this apparently being a common behavior -- we see it most days we fly our drone over these whales -- it hadn't yet been discovered in this population despite nearly 50 years of dedicated observation," says Weiss. "To me, this demonstrates not just the power of new observation methods but also how much we still have to learn about these animals."

It remains unclear whether this grooming behavior is entirely unique to this population or more widespread among other whale populations and species. Regardless, the discovery opens new avenues for understanding tool use in marine mammals and demonstrates that tools can be used in a wide array of contexts, say the researchers.

"This finding highlights yet another way these whales' society and culture is unique and the importance of recovering the southern resident killer whale population," says Weiss.

This research was supported by the UK Natural Environment Research Council, the Orca Fund, the Wild Fish Conservancy, the Rose Foundation for Communities and the Environment, National Oceanic and Atmospheric Administration, Northwest Fisheries Science Center, and the Earthwatch Institute.
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These frozen wolf cubs ate a woolly rhino-and changed what we know about dogs | ScienceDaily
New analysis of the remains of two 'puppies' dating back more than 14,000 years ago has shown that they are most likely wolves, and not related to domestic dogs, as previously suggested.


						
The genetic analysis also proved that the cubs were sisters at the age of around two months, and like modern day wolves had a mixed diet of meat and plants. Researchers, however, were surprised to see evidence of a wooly rhinoceros as part of their last meals, as this would have been a considerably large animal for a wolf to hunt.

The 'Tumat Puppies' are two remarkably well-preserved puppy remains found in northern Siberia, about 40 km from Tumat, the nearest village. One was found in 2011 and the other in 2015 at what's now called the Syalakh site.

The puppies were discovered in layers of soil, preserved in ice, alongside the bones of woolly mammoths, some of which showed signs of having been burned and processed by humans. This led scientists to wonder if the site was once used by humans to butcher mammoths, and whether the puppies might have had a connection to people, possibly as early dogs or tamed wolves that hung around humans for food.

There are no visible injuries or signs of attack to the cubs, and so they were likely to have been inside an underground den, resting after their meal, until a potential landslide collapsed their home, trapping the cubs inside.

A new study, led by the University of York, however, has shown that, based on genetic data from the animals' gut contents and other chemical 'fingerprints' found in their bones, teeth and tissue, that the way they were living, what they were eating, and the environment they existed in, points to the puppies being wolf cubs and not early domesticated dogs.

Both were already eating solid food, including woolly rhinoceros meat and, in one case, a small bird called a wagtail. However, their bodies still showed signs of having nursed, meaning they were likely still getting milk from their mother too.




Despite being found near human-modified mammoth bones, there was no evidence of the cubs consuming mammoth, but the piece of wooly rhinoceros skin found in the stomach of one of the cubs had not been fully digested, suggesting they died not long after their last meal.

It is thought that the wooly rhinoceros may have been a young calf, rather than a fully grown adult, and likely hunted by the adult pack and fed to the cubs, but even if this was the case, a young woolly rhinoceros would have been considerably bigger than prey modern-day wolves typically hunt.

This has led researchers to think that these Pleistocene wolves may have been somewhat bigger than the wolves of today. Previous DNA testing suggests that the cubs most likely belonged to a wolf population that eventually died out and didn't lead to today's domestic dogs.

Anne Kathrine Runge, from the University of York's Department of Archaeology, who analysed the cubs as part of her PhD, said: "It was incredible to find two sisters from this era so well preserved, but even more incredible that we can now tell so much of their story, down to the last meal that they ate."

The original hypothesis that the Tumat Puppies were dogs is also based on their black fur colour, which was believed to have been a mutation only present in dogs, but the Tumat Puppies challenge that hypothesis as they are not related to modern dogs.

Anne Kathrine added: "Whilst many will be disappointed that these animals are almost certainly wolves and not early domesticated dogs, they have helped us get closer to understanding the environment at the time, how these animals lived, and how remarkably similar wolves from more than 14,000 years ago are to modern day wolves.




"It also means that the mystery of how dogs evolved into the domestic pet we know today deepens, as one of our clues -- the black fur colour -- may have been a red herring given its presence in wolf cubs from a population that is not related to domestic dogs."

Tiny fossilised plant remains were discovered in the cubs' stomachs, indicating that they lived in a diverse environment with a variety of plants and animals to consume, including prairie grasses, leaves from the shrub genus Dryas and willow twigs. This suggests the landscape they inhabited included different types of habitats that could support rich and varied ecosystems.

Dr Nathan Wales, from the University of York's Department of Archaeology, said: "We know grey wolves have been around as a species for hundreds of thousands of years based on skeletal remains from palaeontological sites, and researchers have done DNA testing of some of those remains to understand how the population changed over time. The soft tissues preserved in the Tumat Puppies, however, gives us access to other ways of investigating wolves and their evolutionary line.

"We can see that their diets were varied, consisting of both animal meat and plant life, much like that of modern wolves, and we have an insight into their breeding behaviours too. The pair were sisters and likely being reared in a den and cared for by their pack -- all common characteristics of breeding and raising of offspring in wolves today.

"Today, litters are often larger than two, and it is possible that the Tumat Puppies had siblings that escaped their fate. There may also be more cubs hidden in the permafrost or lost to erosion.

"The hunting of an animal as large as a wooly rhinoceros, even a baby one, suggests that these wolves are perhaps bigger than the wolves we see today, but still consistent in many ways, because wolves still tend to hunt easy prey while some of the pack is engaged in cub rearing."

The research findings, however, means that the hunt for the oldest dog -- and their place of origin -- is still on.

The research, in collaboration with researchers based in Belgium, Canada, Denmark, Germany, Russia and Sweden is published in the journal Quaternary Research.
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Mining the deep could mute the songs of sperm whales | ScienceDaily
Deep-sea mining in a remote part of the Pacific Ocean could harm ocean life including whales and dolphins, new research shows.


						
The Clarion Clipperton Zone (CCZ) of the Eastern Pacific is a vast area of deep ocean and seamounts.

A Canadian firm - The Metals Company - is planning to explore parts of the CCZ for polymetallic nodules.

In two new studies, researchers found whales and dolphins - including an endangered sperm whale - in the CCZ, and raise concerns about impacts on a wide range of marine species.

"We know remarkably little about these ecosystems, which are hundreds of miles offshore and include very deep waters," said Dr Kirsten Young, from the University of Exeter.

"We do know many species here are long-lived and slow-growing, especially on the seabed.

"It's very hard to predict how seabed mining might affect these species and wider ecosystems, and these risks must urgently be assessed."

Dr Young said noise from mining would travel great distances underwater - possibly hundreds of kilometres through a SOFAR channel.




One of the research papers reviews noise sensitivity among species known to live in the CCZ, and finds that only 35% of taxonomic classes there have been studied for noise impacts.

Soniferous fish, which rely on acoustic communication, are particularly vulnerable to noise.

Chronic exposure to mining noise might have cascading ecological consequences, disrupting key behaviours, the researchers say.

The second study is a survey of whales and dolphins, conducted from the Greenpeace vessel Arctic Sunrise.

Over 13 days of visual and acoustic monitoring, there were 74 acoustic detections and six sightings.

These included a sperm whale, Risso's dolphins, common dolphins and 70 dolphin groups that could not be identified to species level.




Dr Young said: "If deep seabed mining becomes a reality, whales and dolphins will be exposed to multiple sources of noise throughout the water column.

"Many species are highly sensitive to certain frequencies - chronic ocean noise can mask social and foraging communications and whales could be displaced from critical habitats.

"The behavior and impact of sediment plumes created by mining is also poorly understood but could affect food webs."

Louisa Casson of Greenpeace International said: "The confirmed presence of cetaceans, including threatened sperm whales, in areas that The Metals Company is targeting for deep sea mining is yet another clear warning that this dangerous industry must never be allowed to begin commercial operations."

The review paper, published in the journal Marine Pollution Bulletin, is entitled: "Noise from deep-sea mining in the Clarion-Clipperton Zone, Pacific Ocean will impact a broad range of marine taxa."

The whale and dolphin paper, published in Frontiers in Marine Science, is entitled: "Threatened cetaceans in a potential deep seabed mining region, Clarion Clipperton Zone, Eastern Pacific."
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USC's new AI implant promises drug-free relief for chronic pain | ScienceDaily
Chronic pain is a debilitating condition that severely impacts quality of life, often leading to reliance on opioid medications with their severe side effects and addiction risks. According to the U.S. Pain Foundation, 51.6 million Americans live with chronic pain. For over 17 million sufferers, their chronic pain is high-impact - frequently limiting their life or work activities.


						
Current implantable electrical stimulators offer an alternative by stimulating the spinal cord to block pain signals from reaching the brain. But these devices come with drawbacks like high cost, invasive surgery, and the need for frequent battery replacements. Now, researchers from the Zhou Lab in USC Viterbi's Alfred E. Mann Department of Biomedical Engineering, in collaboration with the Jun Chen Group at UCLA, have developed a revolutionary solution: a flexible ultrasound-induced wireless implantable (UIWI) stimulator secured to the spine and designed for personalized, self-adaptive chronic pain management.

This groundbreaking device, detailed in Nature Electronics, represents a significant leap forward in pain therapy. While current spinal cord stimulators can be unwieldy and are hard-wired to batteries, the new device is designed to bend and twist with movement and is powered by a wearable ultrasound transmitter without the need for a battery. It also harnesses machine learning algorithms to customize treatment for each patient. The work was led by Zohrab A. Kaprielian Fellow in Engineering Qifa Zhou, who is also a professor of ophthalmology at the Keck School of Medicine of USC.

Pain Relief on Demand: How the Implantable Stimulator Works

At the heart of this innovation is its wireless power supply, eliminating the need for bulky batteries and complex wired interfaces that often require repeated surgeries. The UIWI stimulator receives its energy from an external, wearable ultrasound transmitter (WUT). Ultrasound offers a safe, effective non-invasive method for deep-tissue penetration. The device converts mechanical waves into electrical signals through a phenomenon called the piezoelectric effect. The core of the UIWI stimulator is a miniaturized piezoelectric element made from lead zirconate titanate (PZT), a highly efficient material for converting incoming ultrasound energy into the electrical power needed for stimulation.

"What truly sets this device apart is its wireless, smart and self-adaptive capability for pain management," Zhou said. "We believe it offers great potential to replace pharmacological schemes and conventional electrical stimulation approaches, aligning with clinical needs for pain mitigation."

Ph.D. candidate in the Zhou Lab and lead author Yushun (Sean) Zeng said the wireless smart miniaturized stimulator had the ability to produce sufficient electrical stimulation intensity by using ultrasound energy, resulting in a more personalized, targeted and localized treatment.




"This energy-converting type is critical for deep stimulation, as ultrasound is a non-invasive and highly penetrating energy in clinical and medical areas," Zeng said. "By leveraging wireless ultrasonic energy transfer and closed-loop feedback system, this UIWI stimulator removes the necessity for bulky implanted batteries and allows for real-time, precisely adjustable pain modulation."

"From a clinical standpoint, incorporating deep learning-based pain assessment enables dynamic interpretation and response to fluctuating pain states, which is essential for accommodating patient-specific variability." added Zhou Lab Ph.D. candidate Chen Gong, also a lead author on the paper.

The device works by:

Detecting pain: The system continuously monitors brain recordings, specifically electroencephalogram (EEG) signals, which reflect a patient's pain levels. Harnessing AI to assess pain levels: A sophisticated machine learning model, based on a neural network called ResNet-18, analyzes these brain signals and classifies pain into three distinct levels: slight pain, moderate pain, and extreme pain. This AI model boasts a 94.8% overall accuracy in distinguishing between these pain states. Adapting treatment as needed: Once a pain level is identified, the wearable ultrasound transmitter automatically adjusts the acoustic energy it transmits. The UIWI stimulator can then sense the propagated energy and convert it into electrical intensity, stimulating the spinal cord. This creates a closed-loop system that provides real-time, personalized pain management. The UIWI stimulator itself is flexible, bendable, and twistable, allowing for optimal placement on the spinal cord. The electrical stimulation it provides to the spinal cord works by rebalancing the signals that transmit and inhibit pain, effectively suppressing the sensation of pain.

Demonstrated Success in the Lab The Zhou Lab team tested the UIWI stimulator in rodent models, with results demonstrating its effectiveness for pain management.

Researchers successfully relieved chronic neuropathic pain caused by both mechanical stimuli (like a pin prick) and acute thermal stimuli (infrared heat).




Lab tests showed that treatment from the UIWI stimulator led to significant reductions in pain indicators. In one experiment to evaluate whether an animal associates an environment with pain relief, rodents showed a clear preference for the chamber where the pain management system was activated, further confirming the device's effectiveness.

The Future of Personalized Pain Relief

The successful development and testing of the UIWI stimulator mark a pivotal moment in the quest for advanced pain management. The flexible design of the implant and its integration with sophisticated AI algorithms offer a dynamic and personalized treatment approach that can adapt to the fluctuating and highly individual nature of chronic pain.

Looking ahead, Zhou and his collaborators are hoping for even more advanced applications of the device. Zhou said that future designs could miniaturize the components further, enabling less invasive device implantation -- for instance, with a syringe. The wearable ultrasound transmitter could also evolve into an untethered, miniaturized device or even a wearable ultrasound array patch, potentially combining imaging capabilities with energy delivery for real-time monitoring and targeted stimulation. Future iterations could also be controlled by smartphone software, offering even more robust personalized pain management.

Zhou said the aim of the device was to transform chronic pain management, moving beyond the limitations of current solutions to offer a truly personalized, intelligent, and effective pathway to pain relief.

"Our findings highlight the potential of ultrasonic implantable electronics in clinical and translational chronic pain management," Zeng said.
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No kings buried here: DNA unravels the myth of incestuous elites in ancient Ireland | ScienceDaily
New research has cast doubts over suggestions an incestuous social elite ruled over the ancient people of Ireland more than 5,000 years ago.


						
Researchers examined the evidence from burials of individuals at the Newgrange prehistoric monument in Ireland -- a large circular mound containing a chamber where cremated and unburnt human remains were placed, the discovery of which led to speculation that those buried there must have been from an elite class or a royal family.

In 2020, the DNA analysis of a bone skull fragment found in the chamber, however, suggested that at least one of the individuals buried there was the result of a relationship between two siblings or a parent and child, and was also distantly related to others buried in the chamber.

It is believed that only particular individuals were buried in the chamber and therefore they must have held a 'special' position in society. The assumption was that if an individual born of incest was placed in the chamber, that this practice must have been 'accepted' by society, possibly because it was 'common' among a ruling elite.

A research team, including the University of York and University College Dublin, however, have now shown that there is no corroborating evidence in nearby settlements, dietary practices, or trade, that an elite existed either economically or socially.

Researchers now believe the society at the time was more equal, based on the fact that they appeared to share and exchange resources, as well as live in similar dwellings.

Professor Penny Bickle from the University of York's Department of Archaeology, said: "The evidence all points to a much more collective ethos. There are not wide disparities in diet, houses are relatively flimsy, and all similar to each other.




"There are no large settlement systems or trade mechanisms, and we also don't see production of craft on the scale that we see in other ancient societies such as in Ancient Egypt, where incest was thought to be practiced by the ruling elite.

"We can only begin to understand these monuments and tombs if we examine the social lives or the communities that built and use them, and when we start to do this, this idea of a 'social elite' or a form of royalty starts to appear less likely."

Older than Stonehenge and the Pyramids of Giza, Newgrange is believed to have been built by a farming community that prospered in the Boyne Valley, County Meath, some 5,000 years ago. Newgrange was rediscovered in AD 1699 and its interior had been heavily disturbed prior to its modern excavation in the 1960s, and so researchers question whether this was even the original burial place of the skull fragment, referred to as NG10, dated to 3340 -- 3020 BC.

The genetic clustering in passage tombs, such as at Newgrange, typically reflects very distant biological relationships -- like second cousins or great-great-great-grandparents -- rather than close familial ties. To establish if the tombs were reserved for an elite, researchers say they would expect much closer genetic ties than they have seen at Newgrange.

It is more likely that these tombs were places that reflect family, work, and other social relationships, rather than the mark of an elite family group.

Associate Professor Jessica Smyth, from University College Dublin, said: "People were definitely being selected for burial in passage tombs -- the whole community does not end up in these monuments. However, we don't know the reasons behind this selection, and why they were thought to be special.




"Unlike today, bodies don't tend to be buried 'whole' or 'intact' in this time period. Before they end up in megalithic monuments, bodies are broken down, sometimes cremated and even circulated around their communities."

As so many of the dead found in these passage tombs were broken down and mixed with cremated remains, and possibly moved around to different places in the landscape, it is not clear the people who placed NG10 fragment in Newgrange knew who they were in life or who the parents of this individual were, casting further doubt on how 'special' the individual might have been.

Professor Penny Bickle said: "It is by no means clear that the monument was the first burial site of NG10 and the tomb grew in stages, so tracing who this individual was is a very difficult task indeed. As it stands the incestuous origins of NG10 is a one-off compared to all of the DNA data we have for Neolithic Ireland.

"There are still many questions to solve here, but building this picture means looking at the monument together with the society that was built up around it, and from this, we get a step closer to understanding a community that was much more inclusive and equal than previously thought."

The research is published in the journal Antiquity.
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Recycled plastic is a toxic cocktail: Over 80 chemicals found in a single pellet | ScienceDaily
A single pellet of recycled plastic can contain over 80 different chemicals. A new study with researchers from University of Gothenburg and Leipzig shows that recycled polyethylene plastic can leach chemicals into water causing impacts in the hormone systems and lipid metabolism of zebrafish larvae.


						
The plastic pollution crisis has reached global levels, threatening both planetary and human health, and recycling is proposed as one of the solutions to the plastics pollution crisis. However, as plastics contain thousands of chemical additives and other substances that can be toxic, and these are almost never declared, hazardous chemicals can indiscriminately end up in recycled products.

Increasing gene expressions

In a new study, researchers bought plastic pellets recycled from polyethylene plastic from different parts of the world and let the pellets soak in water for 48 hours. After which zebrafish larvae were exposed to the water for five days. The experimental results show increases in gene expression relating to lipid metabolism, adipogenesis, and endocrine regulation in the larvae.

"These short leaching times and exposure times are yet another indicator of the risks that chemicals in plastics pose to living organisms. The impacts that we measured show that these exposures have the potential to change the physiology and health of the fish," says Azora Konig Kardgar, lead author and researcher in ecotoxicology at the University of Gothenburg.

"Never full knowledge" 

Previous research has shown similar effects to humans, including threats to reproductive health and obesity, from exposure to toxic chemicals in plastics. Some chemicals used as additives in plastics and substances that contaminate plastics are known to disturb hormones, with potential impacts on fertility, child development, links to certain cancers, and metabolic disorders including obesity and diabetes.




"This is the main obstacle with the idea of recycling plastic. We never have full knowledge of what chemicals will end up in an item made of recycled plastic. And there is also a significant risk of chemical mixing events occuring, which render the recycled plastic toxic," says Bethanie Carney Almroth, professor at the University of Gothenburg and principal investigator on the project.

Different chemicals

Apart from the study on the impact that recycled plastics have on zebra fish larvae, the researcher also conducted a chemical analysis of the chemicals leaching from the plastic pellets to the water. And they found a lot of different chemical compounds, but the mixture altered between different samples of pellets.

"We identified common plastics chemicals, including UV-stabilizers and plasticizers, as well as chemicals that are not used as plastics additives, including pesticides, pharmaceuticals and biocides. These may have contaminated the plastics during their first use phase, prior to becoming waste and being recycled. This is further evidence of the complicated issue of plastics waste flows, and of toxic chemicals contaminating recycled plastics," says Eric Carmona, researcher at Department of Exposure Science, Helmholtz Centre for Environmental Research in Leipzig.

"Ban hazardous chemicals"

Representatives from the nations of the world are preparing to head to Geneva, Switzerland, in August, for what is planned to be the final negotiating meeting for a Global Plastics Treaty at the Intergovernmental Negotiating Committee under the United Nations Environmental Program. The authors of the work stress that negotiators and decision-makers must include provisions to ban or reduce hazardous chemicals in plastics, and to increase transparency and reporting along plastics value chains. Plastics cannot be recycled in a safe and sustainable manner if hazardous chemicals are not addressed.

"This work clearly demonstrates the need to address toxic chemicals in plastics materials and products, across their life cycle," says Professor Bethanie Carney Almroth. "We cannot safely produce and use recycled plastics if we cannot trace chemicals throughout production, use and waste phases."

Facts: Polyethylene (PE)

Polyethylene, abbreviated PE, is a type of plastic used in a lot of packaging materials like bottle caps, plastic bags, agricultural mulch films, insulation for wiring and cables, pipes, ropes, toys and household items. It is the most widely produced and used polymer. On plastic products made of polyethylene, the number in the recycling code is either 2 or 4.
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Artificial intelligence isn't hurting workers-It might be helping | ScienceDaily
As artificial intelligence reshapes workplaces worldwide, a new study provides early evidence suggesting AI exposure has not, thus far, caused widespread harm to workers' mental health or job satisfaction. In fact, the data reveals that AI may even be linked to modest improvements in worker physical health, particularly among employees with less than a college degree.


						
But the authors caution: It is way too soon to draw definitive conclusions.

The paper, "Artificial Intelligence and the Wellbeing of Workers," published June 23 in Nature: Scientific Reports, uses two decades of longitudinal data from the German Socio-Economic Panel. Using that rich data, the researchers -- Osea Giuntella of the University of Pittsburgh and the National Bureau of Economic Research (NBER), Luca Stella of the University of Milan and the Berlin School of Economics, and Johannes King of the German Ministry of Finance -- explored how workers in AI-exposed occupations have fared in contrast to workers in less-exposed roles.

"Public anxiety about AI is real, but the worst-case scenarios are not inevitable," said Professor Stella, who is also affiliated with independent European bodies the Center for Economic Studies (CESifo) and the Institute for Labor Economics (IZA). "So far, we find little evidence that AI adoption has undermined workers' well-being on average. If anything, physical health seems to have slightly improved, likely due to declining job physical intensity and overall job risk in some of the AI-exposed occupations."

Yet the study also highlights reasons for caution.

The analysis relies primarily on a task-based measure of AI exposure -- considered more objective -- but alternative estimates based on self-reported exposure reveal small negative effects on job and life satisfaction. In addition, the sample excludes younger workers and only covers the early phases of AI diffusion in Germany.

"We may simply be too early in the AI adoption curve to observe its full effects," Stella emphasized. "AI's impact could evolve dramatically as technologies advance, penetrate more sectors, and alter work at a deeper level."

Key findings from the study include:
    	No significant average effects of AI exposure on job satisfaction, life satisfaction, or mental health.
    	Small improvements in self-rated physical health and health satisfaction, especially among lower-educated workers.
    	Evidence of reduced physical job intensity, suggesting that AI may alleviate physically demanding tasks.
    	A modest decline in weekly working hours, without significant changes in income or employment rates.
    	Self-reported AI exposure suggests small but negative effects on subjective well-being, reinforcing the need for more granular future research.

Due to the data supply, the study focuses on Germany -- a country with strong labor protections and a gradual pace of AI adoption. The co-authors noted that outcomes may differ in more flexible labor markets or among younger cohorts entering increasingly AI-saturated workplaces.

"This research is an early snapshot, not the final word," said Pitt's Giuntella, who previously conducted significant research into the effect of robotics on households and labor, and on types of workers. "As AI adoption accelerates, continued monitoring of its broader impacts on work and health is essential. Technology alone doesn't determine outcomes -- institutions and policies will decide whether AI enhances or erodes the conditions of work."
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From cursed tomb fungus to cancer cure: Aspergillus flavus yields potent new drug | ScienceDaily
Penn-led researchers have turned a deadly fungus into a potent cancer-fighting compound. After isolating a new class of molecules from Aspergillus flavus, a toxic crop fungus linked to deaths in the excavations of ancient tombs, the researchers modified the chemicals and tested them against leukemia cells. The result? A promising cancer-killing compound that rivals FDA-approved drugs and opens up new frontiers in the discovery of more fungal medicines.


						
"Fungi gave us penicillin," says Sherry Gao, Presidential Penn Compact Associate Professor in Chemical and Biomolecular Engineering (CBE) and in Bioengineering (BE) and senior author of a new paper in Nature Chemical Biologyon the findings. "These results show that many more medicines derived from natural products remain to be found."

From Curse to Cure

Aspergillus flavus, named for its yellow spores, has long been a microbial villain. After archaeologists opened King Tutankhamun's tomb in the 1920s, a series of untimely deaths among the excavation team fueled rumors of a pharaoh's curse. Decades later, doctors theorized that fungal spores, dormant for millennia, could have played a role.

In the 1970s, a dozen scientists entered the tomb of Casimir IV in Poland. Within weeks, 10 of them died. Later investigations revealed the tomb contained A. flavus, whose toxins can lead to lung infections, especially in people with compromised immune systems.

Now, that same fungus is the unlikely source of a promising new cancer therapy.

A Rare Fungal Find

The therapy in question is a class of ribosomally synthesized and post-translationally modified peptides, or RiPPs, pronounced like the "rip" in a piece of fabric. The name refers to how the compound is produced -- by the ribosome, a tiny cellular structure that makes proteins -- and the fact that it is modified later, in this case, to enhance its cancer-killing properties.




"Purifying these chemicals is difficult," says Qiuyue Nie, a postdoctoral fellow in CBE and the paper's first author. While thousands of RiPPs have been identified in bacteria, only a handful have been found in fungi. In part, this is because past researchers misidentified fungal RiPPs as non-ribosomal peptides and had little understanding of how fungi created the molecules. "The synthesis of these compounds is complicated," adds Nie. "But that's also what gives them this remarkable bioactivity."

Hunting for Chemicals

To find more fungal RiPPs, the researchers first scanned a dozen strains of Aspergillus, which previous research suggested might contain more of the chemicals.

By comparing chemicals produced by these strains with known RiPP building blocks, the researchers identified A. flavus as a promising candidate for further study.

Genetic analysis pointed to a particular protein in A. flavus as a source of fungal RiPPs. When the researchers turned the genes that create that protein off, the chemical markers indicating the presence of RiPPs also disappeared.

This novel approach -- combining metabolic and genetic information -- not only pinpointed the source of fungal RiPPs in A. flavus, but could be used to find more fungal RiPPs in the future.




A Potent New Medicine

After purifying four different RiPPs, the researchers found the molecules shared a unique structure of interlocking rings. The researchers named these molecules, which have never been previously described, after the fungus in which they were found: asperigimycins.

Even with no modification, when mixed with human cancer cells, asperigimycins demonstrated medical potential: two of the four variants had potent effects against leukemia cells.

Another variant, to which the researchers added a lipid, or fatty molecule, that is also found in the royal jelly that nourishes developing bees, performed as well as cytarabine and daunorubicin, two FDA-approved drugs that have been used for decades to treat leukemia.

Cracking the Code of Cell Entry

To understand why lipids enhanced asperigimycins' potency, the researchers selectively turned genes on and off in the leukemia cells. One gene, SLC46A3, proved critical in allowing asperigimycins to enter leukemia cells in sufficient numbers.

That gene helps materials exit lysosomes, the tiny sacs that collect foreign materials entering human cells. "This gene acts like a gateway," says Nie. "It doesn't just help asperigimycins get into cells, it may also enable other 'cyclic peptides' to do the same."

Like asperigimycins, those chemicals have medicinal properties -- nearly two dozen cyclic peptides have received clinical approval since 2000 to treat diseases as varied as cancer and lupus -- but many of them need modification to enter cells in sufficient quantities.

"Knowing that lipids can affect how this gene transports chemicals into cells gives us another tool for drug development," says Nie.

Disrupting Cell Division

Through further experimentation, the researchers found that asperigimycins likely disrupt the process of cell division. "Cancer cells divide uncontrollably," says Gao. "These compounds block the formation of microtubules, which are essential for cell division."

Notably, the compounds had little to no effect on breast, liver or lung cancer cells -- or a range of bacteria and fungi -- suggesting that asperigimycins' disruptive effects are specific to certain types of cells, a critical feature for any future medication.

Future Directions

In addition to demonstrating the medical potential of asperigimycins, the researchers identified similar clusters of genes in other fungi, suggesting that more fungal RiPPS remain to be discovered. "Even though only a few have been found, almost all of them have strong bioactivity," says Nie. "This is an unexplored region with tremendous potential."

The next step is to test asperigimycins in animal models, with the hope of one day moving to human clinical trials. "Nature has given us this incredible pharmacy," says Gao. "It's up to us to uncover its secrets. As engineers, we're excited to keep exploring, learning from nature and using that knowledge to design better solutions."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science; Rice University; the University of Pittsburgh; The University of Texas MD Anderson Cancer Center; Washington University School of Medicine, St. Louis; Baylor College of Medicine and the University of Porto. 

The study was supported by the U.S. National Institutes of Health (R35GM138207, R35CA274235, R35GM128779), the University of Pennsylvania, the Welch Foundation (C-2033-20200401), the Houston Area Molecular Biophysics Program (NIH Grant T32 GM008280), the Cancer Prevention and Research Institute of Texas (RR220087, RR210029) and the National Science Foundation (OAC-2117681, OAC-1928147, OAC-1928224). 

Additional co-authors include Fanglong Zhao, Xuerong Yu, Caleb Chang, Rory Sharkey, Bryce Kille, Hongzi Zheng, Kevin Yang, Alan Du, Todd Treangen, Yang Gao and Hans Renata of Rice University; Chunxiao Sun and Shuai Liu of Penn Engineering and Rice; Siting Li and Junjie Chen of MD Anderson; Mithun C. Madhusudhanan and Peng Liu of Pitt; Sandipan Roy Chowdhury, Dongyin Guan, Jin Wang, Xin Yu and Dishu Zhou of Baylor; Maria Zotova and Zichen Hu of Penn Engineering; Sandra A. Figueiredo and Pedro N. Leao of the University of Porto; and Andy Xu and Rui Tang of Wash U, St. Louis.
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Affordances in the brain: The human superpower AI hasn't mastered | ScienceDaily
How do you intuitively know that you can walk on a footpath and swim in a lake? Researchers from the University of Amsterdam have discovered unique brain activations that reflect how we can move our bodies through an environment. The study not only sheds new light on how the human brain works, but also shows where artificial intelligence is lagging behind. According to the researchers, AI could become more sustainable and human-friendly if it incorporated this knowledge about the human brain.


						
When we see a picture of an unfamiliar environment -- a mountain path, a busy street, or a river -- we immediately know how we could move around in it: walk, cycle, swim or not go any further. That sounds simple, but how does your brain actually determine these action opportunities?

PhD student Clemens Bartnik and a team of co-authors show how we make estimates of possible actions thanks to unique brain patterns. The team, led by computational neuroscientist Iris Groen, also compared this human ability with a large number of AI models, including ChatGPT. "AI models turned out to be less good at this and still have a lot to learn from the efficient human brain," Groen concludes.

Viewing images in the MRI scanner

Using an MRI scanner, the team investigated what happens in the brain when people look at various photos of indoor and outdoor environments. The participants used a button to indicate whether the image invited them to walk, cycle, drive, swim, boat or climb. At the same time, their brain activity was measured.

"We wanted to know: when you look at a scene, do you mainly see what is there -- such as objects or colors -- or do you also automatically see what you can do with it," says Groen. "Psychologists call the latter "affordances" -- opportunities for action; imagine a staircase that you can climb, or an open field that you can run through."

Unique processes in the brain

The team discovered that certain areas in the visual cortex become active in a way that cannot be explained by visible objects in the image. "What we saw was unique," says Groen. "These brain areas not only represent what can be seen, but also what you can do with it." The brain did this even when participants were not given an explicit action instruction. 'These action possibilities are therefore processed automatically," says Groen. "Even if you do not consciously think about what you can do in an environment, your brain still registers it."




The research thus demonstrates for the first time that affordances are not only a psychological concept, but also a measurable property of our brains.

What AI doesn't understand yet

The team also compared how well AI algorithms -- such as image recognition models or GPT-4 -- can estimate what you can do in a given environment. They were worse at predicting possible actions. "When trained specifically for action recognition, they could somewhat approximate human judgments, but the human brain patterns didn't match the models' internal calculations," Groen explains.

"Even the best AI models don't give exactly the same answers as humans, even though it's such a simple task for us," Groen says. "This shows that our way of seeing is deeply intertwined with how we interact with the world. We connect our perception to our experience in a physical world. AI models can't do that because they only exist in a computer."

AI can still learn from the human brain

The research thus touches on larger questions about the development of reliable and efficient AI. "As more sectors -- from healthcare to robotics -- use AI, it is becoming important that machines not only recognize what something is, but also understand what it can do," Groen explains. "For example, a robot that has to find its way in a disaster area, or a self-driving car that can tell apart a bike path from a driveway."

Groen also points out the sustainable aspect of AI. "Current AI training methods use a huge amount of energy and are often only accessible to large tech companies. More knowledge about how our brain works, and how the human brain processes certain information very quickly and efficiently, can help make AI smarter, more economical and more human-friendly."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250622225921.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Superbugs in your shrimp: Deadly colistin-resistance genes ride on imported seafood | ScienceDaily
Resistance to colistin, a potent antibiotic, is on the rise.


						    	In 2016, researchers discovered that colistin resistance could be transferred laterally among microbes.
    	Researchers have isolated genes that confer colistin resistance from imported seafood purchased from markets in Atlanta, Ga.
    	The findings suggest imported seafood could promote the spread of transmissible colistin resistance.

Colistin is a potent, last-resort antibiotic, used only to treat people with dangerous, life-threatening bacterial infections that have developed resistance to other drugs. But it's not foolproof. Worldwide, resistance to colistin is spreading, further diminishing treatment options and putting infected people at higher risk.

Researchers from the University of Georgia recently identified a way that colistin resistance genes are spreading: Imported seafood. In a new study, microbiologist Issmat Kassem, Ph.D., and his group have reported the first isolation of colistin-resistance genes in bacteria found in imported shrimp and scallops, purchased from 8 food markets around Atlanta, Ga. Kassem will be presenting the findings this week in Los Angeles at ASM Microbe 2025, the annual meeting of the American Society for Microbiology. An accompanying paper will be published in the ASM journal mSphere.

"We love our seafood," Kassem said. Many people don't know that most seafood consumed in the U.S. is imported, he said, including about 90% of shrimp. Imported seafood is screened for contaminants but the process doesn't catch everything, especially antimicrobial resistance genes. "The bacteria that were carrying colistin resistance genes are not normally screened." Kassem and his group also found that some of the resistance genes are carried on plasmids -- round bits of genetic material that can be transmitted from bacteria to bacteria.

Antimicrobial resistant infections kill hundreds of thousands of people globally every year, and antimicrobial resistance is a rising public health menace. Colistin was first introduced in the 1950s to treat infections by pathogenic Gram-negative bacteria, but it takes a heavy toll on patients, including increased risk of damage to the nerves and kidneys. It was discontinued in the U.S. in the 1980s. However, Kassem noted, other countries continued to use it in agricultural settings, both to treat infections and to promote animal growth. Colistin was eventually reintroduced to human medicine because it was one of the few options available to treat certain bacterial infections. The World Health Organization categorizes colistin as a high priority critically important antibiotic, which means it is an essential option for treating serious human infections.

In 2016, researchers discovered a mobile colistin resistant gene, or mcr, that was "mobile" because it could be transferred via lateral transmission, in plasmids passed among bacteria. Before then, Kassem said, researchers believed colistin resistance was inherited, not shared, "which means it could not jump between different bacteria."

Researchers have now identified at least 10 mcr genes and many alleles, or variations. Kassem, who has been studying antimicrobial resistance for 2 decades, suspected it might spread through the importing and exporting of food.

"Our food is sourced from different places," he said. "If you go out to lunch today, your plate might have ingredients from 6, 7, 8 countries. Some countries do not have strict regulations for using antibiotics in food animal production, so imported food can be a vehicle for transmission of resistance." In previous work, his group found mcr genes in samples from wastewater in Georgia; they also found the bacterial host that was carrying the plasmid containing the genes. It wasn't normally screened in food coming into the United States, he said. In studies published since then, researchers have found mcr genes in plasmids elsewhere.

When they screened seafood purchased from markets in Georgia, they found the same bacterial host, the same plasmids and the same genes that they'd previously identified in wastewater. "The good news is that we didn't find it in locally produced seafood," Kassem said.

He cautioned that the group identified 1 source of colistin resistance, but there could be other, and they're likely spreading. "We live in a very connected world," he said. "We move a lot, we travel a lot, our food travels, and we are going to spread whatever emerges, even across national borders. So, it's important to invest in monitoring systems and expand them and collaborate, especially on the global level, on the issue of antimicrobial resistance."
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What the Universe tried to hide: The 21-centimeter signal explained | ScienceDaily
Understanding how the universe transitioned from darkness to light with the formation of the first stars and galaxies is a key turning point in the universe's development, known as the Cosmic Dawn. However, even with the most powerful telescopes, we can't directly observe these earliest stars, so determining their properties is one of the biggest challenges in astronomy.


						
Now, an international group of astronomers led by the University of Cambridge have shown that we will be able to learn about the masses of the earliest stars by studying a specific radio signal - created by hydrogen atoms filling the gaps between star-forming regions - originating just a hundred million years after the Big Bang.

By studying how the first stars and their remnants affected this signal, called the 21-centimeter signal, the researchers have shown that future radio telescopes will help us understand the very early universe, and how it transformed from a nearly homogeneous mass of mostly hydrogen to the incredible complexity we see today. Their results are reported in the journal Nature Astronomy.

"This is a unique opportunity to learn how the universe's first light emerged from the darkness," said co-author Professor Anastasia Fialkov from Cambridge's Institute of Astronomy. "The transition from a cold, dark universe to one filled with stars is a story we're only beginning to understand."

The study of the universe's most ancient stars hinges on the faint glow of the 21-centimetre signal, a subtle energy signal from over 13 billion years ago. This signal, influenced by the radiation from early stars and black holes, provides a rare window into the universe's infancy.

Fialkov leads the theory group of REACH (the Radio Experiment for the Analysis of Cosmic Hydrogen). REACH is a radio antenna and is one of two major projects that could help us learn about the Cosmic Dawn and the Epoch of Reionisation, when the first stars reionised neutral hydrogen atoms in the universe.

Although REACH, which captures radio signals, is still in its calibration stage, it promises to reveal data about the early universe. Meanwhile, the Square Kilometre Array (SKA) -- a massive array of antennas under construction -- will map fluctuations in cosmic signals across vast regions of the sky.




Both projects are vital in probing the masses, luminosities, and distribution of the universe's earliest stars. In the current study, Fialkov - who is also a member of the SKA - and her collaborators developed a model that makes predictions for the 21-centimeter signal for both REACH and SKA, and found that the signal is sensitive to the masses of first stars.

"We are the first group to consistently model the dependence of the 21-centimeter signal of the masses of the first stars, including the impact of ultraviolet starlight and X-ray emissions from X-ray binaries produced when the first stars die," said Fialkov, who is also a member of Cambridge's Kavli Institute for Cosmology. "These insights are derived from simulations that integrate the primordial conditions of the universe, such as the hydrogen-helium composition produced by the Big Bang."

In developing their theoretical model, the researchers studied how the 21-centimeter signal reacts to the mass distribution of the first stars, known as Population III stars. They found that previous studies have underestimated this connection as they did not account for the number and brightness of X-ray binaries - binary systems made of a normal star and a collapsed star - among Population III stars, and how they affect the 21-centimeter signal.

Unlike optical telescopes like the James Webb Space Telescope, which capture vivid images, radio astronomy relies on statistical analysis of faint signals. REACH and SKA will not be able to image individual stars, but will instead provide information about entire populations of stars, X-ray binary systems and galaxies.

"It takes a bit of imagination to connect radio data to the story of the first stars, but the implications are profound," said Fialkov.

"The predictions we are reporting have huge implications for our understanding of the nature of the very first stars in the Universe," said co-author Dr Eloy de Lera Acedo, Principal Investigator of the REACH telescope and PI at Cambridge of the SKA development activities. "We show evidence that our radio telescopes can tell us details about the mass of those first stars and how these early lights may have been very different from today's stars.

"Radio telescopes like REACH are promising to unlock the mysteries of the infant Universe, and these predictions are essential to guide the radio observations we are doing from the Karoo, in South Africa."

The research was supported in part by the Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI). Anastasia Fialkov is a Fellow of Magdalene College, Cambridge. Eloy de Lera Acedo is an STFC Ernest Rutherford Fellow and a Fellow of Selwyn College, Cambridge.
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Half of today's jobs could vanish-Here's how smart countries are future-proofing workers | ScienceDaily
Artificial intelligence is spreading into many aspects of life, from communications and advertising to grading tests. But with the growth of AI comes a shake-up in the workplace.


						
New research from the University of Georgia is shedding light on how different countries are preparing for how AI will impact their workforces.

According to previous research, almost half of today's jobs could vanish over the next 20 years. But it's not all doom and gloom.

Researchers also estimate that 65% of current elementary school students will have jobs in the future that don't exist now. Most of these new careers will require advanced AI skills and knowledge.

"Human soft skills, such as creativity, collaboration and communication cannot be replaced by AI." -- Lehong Shi, College of Education

To tackle these challenges, governments around the world are taking steps to help their citizens gain the skills they'll need. The present study examined 50 countries' national AI strategies, focusing on policies for education and the workforce.

Learning what other countries are doing could help the U.S. improve its own plans for workforce preparation in the era of AI, the researcher said.




"AI skills and competencies are very important," said Lehong Shi, author of the study and an assistant research scientist at UGA's Mary Frances Early College of Education. "If you want to be competitive in other areas, it's very important to prepare employees to work with AI in the future."

Some countries put larger focus on training, education

Shi used six indicators to evaluate each country's prioritization on AI workforce training and education: the plan's objective, how goals will be reached, examples of projects, how success will be measured, how projects will be supported and the timelines for each project.

Each nation was classified as giving high, medium or low priority to prepare an AI competent workforce depending on how each aspect of their plan was detailed.

Of the countries studied, only 13 gave high prioritization to training the current workforce and improving AI education in schools. Eleven of those were European countries, with Mexico and Australia being the two exceptions. This may be because European nations tend to have more resources for training and cultures of lifelong learning, the researcher said.

The United States was one of 23 countries that considered workforce training and AI education a medium priority, with a less detailed plan compared to countries that saw them as a high priority.




Different countries prioritize different issues when it comes to AI preparation

Some common themes emerged between countries, even when their approaches to AI differed. For example, almost every nation aimed to establish or improve AI-focused programs in universities. Some also aimed to improve AI education for K-12 students.

On-the-job training was also a priority for more than half the countries, with some offering industry-specific training programs or internships. However, few focused on vulnerable populations such as the elderly or unemployed through programs to teach them basic AI skills.

Shi stressed that just because a country gives less prioritization to education and workforce preparation doesn't mean AI isn't on its radar. Some Asian countries, for example, put more effort into improving national security and health care rather than education.

Cultivating interest in AI could help students prepare for careers

Some countries took a lifelong approach to developing these specialized skills. Germany, for instance, emphasized creating a culture that encourages interest in AI. Spain started teaching kids AI-related skills as early as preschool.

Of the many actions governments took, Shi noted one area that needs more emphasis when preparing future AI-empowered workplaces. "Human soft skills, such as creativity, collaboration and communication cannot be replaced by AI," Shi said. "And they were only mentioned by a few countries."

Developing these sorts of "soft skills" is key to making sure students and employees continue to have a place in the workforce.

This study was published in Human Resource Development Review.
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Zapping aging cells: The fast, label-free test that could transform research | ScienceDaily
Researchers from Tokyo Metropolitan University have created a new way of telling "aged" human cells apart from younger ones using electric fields. While key markers have been found for these "senescent" cells, current methods require biochemical "labels" which are difficult to apply and affect the cells themselves, making them difficult to study. The new method is label-free and less damaging. The team aims to diversify the method, extending it to other cell types.


						
Aging starts at the cellular level. As we get older, aged or "senescent" cells accumulate in our body. Not only have these cells lost much of their original function, but they continue to emit compounds which trigger inflammation. There is a growing body of evidence for how they play a part in aging-related conditions like arterial hardening, Alzheimer's disease, and type 2 diabetes.

To understand and treat such ailments, scientists need to come to grips with how senescent cells affect our physiology. Naturally, this starts with identifying which of our cells are senescent, and which are not. Unfortunately, existing methods rely on selective "labeling," e.g. the attachment of a fluorescent molecule to specific compounds known to be present in aged cells. Not only is this time-consuming and complex, but the process itself can change the properties of the very thing scientists want to study.

To get around this issue, a team led by Assistant Professor Ippei Yagi from Tokyo Metropolitan University has come up with an entirely different approach to identifying senescent cells. Instead of chemical labels, they put cells under an alternating electric field. This causes a slight rearrangement of charge, where one end of the cell is more positively charged than the other. When the electric field is not uniform over space, the cell migrates; in the case of an alternating field, the cell wanders backwards and forwards between the electrodes. As the frequency of the field is changed, the motion of the cell changes significantly at a value known as the cutoff frequency. The method, known as frequency-modulated dielectrophoresis (FM-DEP), aims to characterize cell type by measuring this value.

The team focused their efforts on human dermal fibroblasts, an important part of connective tissue in the skin. When they tested senescent cells against younger ones, they found that there was a marked difference in their cutoff frequencies. These changes come about from changes in the fatty (lipid) molecules which make up the membrane of the cells. Importantly, FM-DEP is rapid, easy to apply, and label-free.

The new method is not only a convenient tool for research into aging, but may see application to regenerative medicine, and drug screening. The team hope to apply FM-DEP to other cell types as well, as a versatile new approach to cell identification.

This work was supported by JSPS KAKENHI Grant Numbers JP23K28453 and JP23KK0260.
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FDA under fire: Data discrepancies uncovered in AstraZeneca approval trials | ScienceDaily

For more than a decade, ticagrelor (Brilinta in the US and Brilique in Europe) has been recommended for patients with acute coronary syndrome -- a range of conditions related to sudden reduced blood flow to the heart.

Last December, an investigation by The BMJ found serious data integrity problems in the landmark clinical trial (PLATO) that was used to gain worldwide approval for ticagrelor, calling into question the drug's advantage over cheaper rivals.

Now, as generic versions of the drug prepare to launch this year, The BMJ has expanded its investigation, looking at two key platelet studies that AstraZeneca claimed explained ticagrelor's ability to treat acute coronary syndrome successfully.

It finds that the "primary endpoint" results (the trial's key measurement) for both clinical trials were inaccurately reported in the leading cardiology journal Circulation, and reveals that more than 60 of 282 readings from platelet machines used in the trials were not present in US Food and Drug Administration (FDA) datasets.

What's more, one active trial investigator never became a study author, while one author told The BMJ he was not involved in the trial, and most investigators, including the principal investigator, were unreachable or declined to be interviewed.

Victor Serebruany, an adjunct faculty member at Johns Hopkins University and ticagrelor's most renowned critic, told The BMJ that "there are episodes of skyrocketing rebound and profound platelet inhibition after ticagrelor making patients prone to thrombosis or bleeding. If doctors had known what happened in these trials, they would never have started using ticagrelor."

Circulation and AstraZeneca did not respond to a request for comment.

Serebruany added: "It's been obvious for years that there is something wrong with the data. That the FDA's leadership could look past all these problems -- on top of the many problems their own reviewers identified and are now being discovered by The BMJ -- is unconscionable. We all need to know how and why that happened."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250621233811.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Myth-busting study shows controversial seed oils reduce inflammation | ScienceDaily
New research that used blood markers to measure linoleic acid levels and their relation to cardiometabolic risk adds evidence that this omega-6 fatty acid may help to lower risks for heart disease and type 2 diabetes. The findings challenge claims that seed oils are harmful to cardiometabolic health.


						
Linoleic acid, which is found in vegetable oils -- especially seed oils like soybean and corn oil -- and plant foods, is the primary omega-6 fatty acid consumed in the diet.

"There has been increasing attention on seed oils, with some claiming these oils promote inflammation and raise cardiometabolic risk," said Kevin C. Maki, Ph.D., adjunct professor at the Indiana University School of Public Health-Bloomington and chief scientist at Midwest Biomedical Research. "Our study, based on almost 1,900 people, found that higher linoleic acid in blood plasma was associated with lower levels of biomarkers of cardiometabolic risk, including those related to inflammation."

Maki presented the findings at NUTRITION 2025, the flagship annual meeting of the American Society for Nutrition held in Orlando, Florida.

The new results are consistent with those from observational studies that have shown higher intake of linoleic acid to be associated with lower risks for type 2 diabetes and cardiovascular events, such as heart attacks and strokes.

"Although other studies have assessed relationships between linoleic acid and cardiometabolic risk factors, our study used objective biomarkers rather than diet records or food frequency questionnaires to assess linoleic acid intake," said Maki. "We also measured a range of markers of inflammation and indicators of glucose metabolism."

For the new study, the investigators performed a cross-sectional analysis on data from 1,894 people in an observational cohort focused on Covid-19. They found that higher levels of linoleic acid in plasma -- indicative of dietary intake -- were consistently associated with lower levels of risk factors for cardiovascular disease and type 2 diabetes.

Specifically, study participants with higher linoleic acid showed lower levels of glucose and insulin as well as HOMA-IR, a biomarker of insulin resistance. They also had lower levels of inflammation biomarkers, including C-reactive protein, glycoprotein acetyls, and serum amyloid A.

"We saw consistent results across the different biomarkers measured," Maki said. "People with higher levels of linoleic acid in their blood tended to have a healthier overall risk profile for heart disease and diabetes."

The researchers say that their findings support the need for additional intervention studies to test whether increasing linoleic acid intake improves cardiometabolic risk factors and lowers the incidence of heart attacks, strokes and type 2 diabetes. Next, they plan to investigate how different types of oils with varying fatty acid content affect cardiometabolic risk factors.
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Scientists create living building material that captures CO2 from the air | ScienceDaily
The idea seems futuristic: At ETH Zurich, various disciplines are working together to combine conventional materials with bacteria, algae and fungi. The common goal: to create living materials that acquire useful properties thanks to the metabolism of microorganisms -- "such as the ability to bind CO2 from the air by means of photosynthesis," says Mark Tibbitt, Professor of Macromolecular Engineering at ETH Zurich.


						
An interdisciplinary research team led by Tibbitt has now turned this vision into reality: it has stably incorporated photosynthetic bacteria -- known as cyanobacteria -- into a printable gel and developed a material that is alive, grows and actively removes carbon from the air. The researchers recently presented their "photosynthetic living material" in a study in the journal Nature Communications.

Key characteristic: Dual carbon sequestration

The material can be shaped using 3D printing and only requires sunlight and artificial seawater with readily available nutrients in addition to CO2 to grow. "As a building material, it could help to store CO2 directly in buildings in the future," says Tibbitt, who co-initiated the research into living materials at ETH Zurich.

The special thing about it: the living material absorbs much more CO2 than it binds through organic growth. "This is because the material can store carbon not only in biomass, but also in the form of minerals -- a special property of these cyanobacteria," reveals Tibbitt.

Yifan Cui, one of the two lead authors of the study, explains: "Cyanobacteria are among the oldest life forms in the world. They are highly efficient at photosynthesis and can utilize even the weakest light to produce biomass from CO2 and water."

At the same time, the bacteria change their chemical environment outside the cell as a result of photosynthesis, so that solid carbonates (such as lime) precipitate. These minerals represent an additional carbon sink and -- in contrast to biomass -- store CO2 in a more stable form.




Cyanobacteria as master builders

"We utilize this ability specifically in our material," says Cui, who is a doctoral student in Tibbitt's research group. A practical side effect: the minerals are deposited inside the material and reinforce it mechanically. In this way, the cyanobacteria slowly harden the initially soft structures.

Laboratory tests showed that the material continuously binds CO2 over a period of 400 days, most of it in mineral form -- around 26 milligrams of CO2 per gram of material. This is significantly more than many biological approaches and comparable to the chemical mineralization of recycled concrete (around 7 mg CO2 per gram).

Hydrogel as a habitat

The carrier material that harbours the living cells is a hydrogel -- a gel made of cross-linked polymers with a high water content. Tibbitt's team selected the polymer network so that it can transport light, CO2, water and nutrients and allows the cells to spread evenly inside without leaving the material.

To ensure that the cyanobacteria live as long as possible and remain efficient, the researchers have also optimised the geometry of the structures using 3D printing processes to increase the surface area, increase light penetration and promote the flow of nutrients.




Co-first author Dalia Dranseike: "In this way, we created structures that enable light penetration and passively distribute nutrient fluid throughout the body by capillary forces." Thanks to this design, the encapsulated cyanobacteria lived productively for more than a year, the materials researcher in Tibbitt's team is pleased to report.

Infrastructure as a carbon sink

The researchers see their living material as a low-energy and environmentally friendly approach that can bind CO2 from the atmosphere and supplement existing chemical processes for carbon sequestration. "In the future, we want to investigate how the material can be used as a coating for building facades to bind CO2 throughout the entire life cycle of a building," Tibbitt looks ahead.

There is still a long way to go -- but colleagues from the field of architecture have already taken up the concept and realised initial interpretations in an experimental way.

Two installations in Venice and Milan

Thanks to ETH doctoral student Andrea Shin Ling, basic research from the ETH laboratories has made it onto the big stage at the Architecture Biennale in Venice. "It was particularly challenging to scale up the production process from laboratory format to room dimensions," says the architect and bio-designer, who is also involved in this study.

Ling is doing her doctorate at ETH Professor Benjamin Dillenburger's Chair of Digital Building Technologies. In her dissertation, she developed a platform for biofabrication that can print living structures containing functional cyanobacteria on an architectural scale.

For the Picoplanktonics installation in the Canada Pavilion, the project team used the printed structures as living building blocks to construct two tree-trunk-like objects, the largest around three metres high. Thanks to the cyanobacteria, these can each bind up to 18 kg of CO2 per year -- about as much as a 20-year-old pine tree in the temperate zone.

"The installation is an experiment -- we have adapted the Canada Pavilion so that it provides enough light, humidity and warmth for the cyanobacteria to thrive and then we watch how they behave," says Ling. This is a commitment: The team monitors and maintains the installation on site -- daily. Until November 23.

At the 24th Triennale di Milano, Dafne's Skin is investigating the potential of living materials for future building envelopes. On a structure covered with wooden shingles, microorganisms form a deep green patina that changes the wood over time: A sign of decay becomes an active design element that binds CO2 and emphasises the aesthetics of microbial processes. Dafne's Skin is a collaboration between MAEID Studio and Dalia Dranseike. It is part of the exhibition "We the Bacteria: Notes Toward Biotic Architecture" and runs until November 9.

The photosynthetic living material was created thanks to an interdisciplinary collaboration within the framework of ALIVE (Advanced Engineering with Living Materials). The ETH Zurich initiative promotes collaboration between researchers from different disciplines in order to develop new living materials for a wide range of applications.
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Plants' secret second roots rewrite the climate playbook | ScienceDaily
Plants and trees extend their roots into the earth in order to draw nutrients and water from the soil -- however, these roots are thought to decline as they move deeper underground. But a new study by a multi-institutional team of scientists shows that many plants develop a second, deeper layer of roots -- often more than three feet underground -- to access additional nourishment.


						
Published in the journal Nature Communications, the study reveals previously unrecognized rooting patterns, altering our understanding of how ecosystems

respond to changing environmental conditions. More importantly, the study suggests that plants might transport and store fixed carbon deeper than currently thought -- welcome news at a time when CO2 levels are at an 800,000-year high, according to the World Meteorological Organization's "State of the Global Climate Report" issued in March.

"Understanding where plants grow roots is vital, as deeper roots could mean safer and longer-term carbon storage. Harsher conditions at depth may prevent detritus-feeding microbes from releasing carbon back to the atmosphere," says Mingzhen Lu, an assistant professor at New York University's Department of Environmental Studies and the paper's lead author. "Our current ecological observations and models typically stop at shallow depths; by not looking deep enough, we may have overlooked a natural carbon storage mechanism deep underground."

The research team used data from the National Ecological Observatory Network (NEON) to examine rooting depth. The NEON database includes samples collected from soil 6.5 feet below the surface, far deeper than the one-foot depth of traditional ecological studies. This unprecedented depth allowed researchers to detect additional root patterns, spanning diverse climate zones and ecosystem types from the Alaskan tundra to Puerto Rico's rainforests.

The scientists' work focused on three questions -- all with the aim of better understanding plants' resource acquisition strategies and their resilience in response to environmental change:
    	How does the abundance of roots change with depth?
    	What are the factors that impact the distribution of roots with depth?
    	Are nutrients in deeper soils equally, under-, or over-exploited by fine roots compared with surface soil?

The researchers found that nearly 20 percent of the studied ecosystems had roots that peaked twice across depth -- a phenomenon called "bimodality." In these cases, plants developed a second, deeper layer of roots, often more than three feet underground and aligning with nutrient-rich soil layers.This suggests that plants grew -- in previously unknown ways -- to exploit additional sustenance.




"The current understanding of roots is literally too shallow. Above ground, we have eagle vision -- thanks to satellites and remote sensing. But below ground, we have mole vision," observes Lu, former Omidyar Fellow who conducted part of this research at the Sante Fe Institute and as a postdoctoral affiliate at Stanford University. "Our limited below ground vision means that we cannot estimate the full ability of plants to store carbon deep in the soil."

"Deep plant roots may cause increased soil carbon storage in one condition or lead to losses in other conditions due to a stimulation of soil microbes," suggests coauthor Avni Malhotra, the lead author of a companion study that investigated the connection between root distribution and soil carbon stock. "This discovery opens a new avenue of inquiry into how bimodal rooting patterns impact the dynamics of nutrient flow, water cycling, and the long-term capacity of soils to store carbon."

"Scientists and policymakers need to look deeper beneath the Earth's surface as these overlooked deep soil layers may hold critical keys for understanding and managing ecosystems in a rapidly changing climate," concludes Lu. "The good news is plants may already be naturally mitigating climate change more actively than we've realized -- we just need to dig deeper to fully understand their potential."

The study also included researchers from Boston College, Columbia University, Dartmouth College, the Morton Arboretum, the National Ecological Observatory Network-Battelle, Pacific Northwest National Laboratory, and Stanford University.
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Gravity, flipped: How tiny, porous particles sink faster in ocean snowstorms | ScienceDaily
The deep ocean can often look like a real-life snow globe. As organic particles from plant and animal matter on the surface sink downward, they combine with dust and other material to create "marine snow," a beautiful display of ocean weather that plays a crucial role in cycling carbon and other nutrients through the world's oceans.


						
Now, researchers from Brown University and the University of North Carolina at Chapel Hill have found surprising new insights into how particles sink in stratified fluids like oceans, where the density of the fluid changes with depth. In a study published in Proceedings of the National Academy of Sciences, they show that the speed at which particles sink is determined not only by resistive drag forces from the fluid, but by the rate at which they can absorb salt relative to their volume.

"It basically means that smaller particles can sink faster than bigger ones," said Robert Hunt, a postdoctoral researcher in Brown's School of Engineering who led the work. "That's exactly the opposite of what you'd expect in a fluid that has uniform density."

The researchers hope the new insights could aid in understanding the ocean nutrient cycle, as well as the settling of other porous particulates including microplastics.

"We ended up with a pretty simple formula where you can plug in estimates for different parameters -- the size of the particles or speed at which the liquid density changes -- and get reasonable estimates of the sinking speed," said Daniel Harris, an associate professor of engineering at Brown who oversaw the work. "There's value in having predictive power that's readily accessible."

The study grew out of prior work by Hunt and Harris investigating neutrally buoyant particles -- those that sink to a certain depth and then stop. Hunt noticed some strange behavior that seemed to be related to the porosity of the particles.

"We were testing a theory under the assumption that these particles would remain neutrally buoyant," Hunt said. "But when we observed them, they kept sinking, which was actually kind of frustrating."

That led to a new theoretical model of how porosity -- specifically, the ability to absorb salt -- would affect the rate at which they sunk. The model predicts that the more salt a particle can absorb relative to its size, the faster it sinks. That means, somewhat counterintuitively, that small porous particles sink faster than larger ones.




To test the model, the researchers developed a way to make a linearly stratified body of water in which the density of the liquid increased gradually with depth. To do that, they fed a large tub with water sourced from two smaller tubs, one with fresh water and the other with salt water. Controllable pumps from each tub enabled them to carefully control the density profile of the larger tub.

Using 3D-printed molds, the team then created particles of varying shapes and sizes made from agar, a gelatinous material derived from seaweed. Cameras imaged individual particles as they sank.

The experiments confirmed the predictions of the model. For spherical particles, smaller ones tended to sink faster. For thinner or flatter particles, their settling speed was primarily determined by their smallest dimension. That means that elongated particles actually sink faster than spherical ones of the same volume.

The results are surprising, the researchers said, and could provide important insights into how particles settle in more complex ecological settings -- either for understanding natural carbon cycling or for engineering ways of speeding up carbon capture in large bodies of water.

"We're not trying to replicate full oceanic conditions," Harris said. "The approach in our lab is to boil things down to their simplest form and think about the fundamental physics involved in these complex phenomena. Then we can work back and forth with people measuring these things in the field to understand where these fundamentals are relevant."

Harris says he hopes to connect with oceanographers and climate scientists to see what insights these new findings might provide.

Other co-authors of the research were Roberto Camassa and Richard McLaughlin from UNC Chappel Hill. The research was funded by the National Science Foundation (DMS-1909521, DMS-1910824, DMS-2308063) and the Office of Naval Research (N00014-18-1-2490 and N00014-23-1-2478).
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The Atlantic's chilling secret: A century of data reveals ocean current collapse | ScienceDaily
For more than a century, a patch of cold water south of Greenland has resisted the Atlantic Ocean's overall warming, fueling debate amongst scientists. A new study identifies the cause as the long-term weakening of a major ocean circulation system.


						
Researchers from the University of California, Riverside show that only one explanation fits both observed ocean temperatures and salinity patterns: the Atlantic Meridional Overturning Circulation, or AMOC, is slowing down. This massive current system helps regulate climate by moving warm, salty water northward and cooler water southward at depth.

"People have been asking why this cold spot exists," said UCR climate scientist Wei Liu, who led the study with doctoral student Kai-Yuan Li. "We found the most likely answer is a weakening AMOC."

The AMOC acts like a giant conveyor belt, delivering heat and salt from the tropics to the North Atlantic. A slowdown in this system means less warm, salty water reaches the sub-polar region, resulting in the cooling and freshening observed south of Greenland.

When the current slows, less heat and salt reach the North Atlantic, leading to cooler, fresher surface waters. This is why salinity and temperature data can be used to understand the strength of the AMOC.

Liu and Li analyzed a century's worth of this data, as direct AMOC observations go back only about 20 years. From these long-term records, they reconstructed changes in the circulation system and compared those with nearly 100 different climate models.

As the paper published in Communications Earth & Environment shows, only the models simulating a weakened AMOC matched the real-world data. Models that assumed a stronger circulation didn't come close.




"It's a very robust correlation," Li said. "If you look at the observations and compare them with all the simulations, only the weakened-AMOC scenario reproduces the cooling in this one region."

The study also found that the weakening of the AMOC correlates with decreased salinity. This is another clear sign that less warm, salty water is being transported northward.

The consequences are broad. The South Greenland anomaly matters not just because it's unusual, but because it's one of the most sensitive regions to changes in ocean circulation. It affects weather patterns across Europe, altering rainfall and shifting the jet stream, which is a high-altitude air current that steers weather systems and helps regulate temperatures across North America and Europe.

The slowdown may also disturb marine ecosystems, as changes in salinity and temperature influence where species can live.

This result may help settle a dispute amongst climate modelers about whether the South Greenland cooling is driven primarily by ocean dynamics or by atmospheric factors such as aerosol pollution. Many newer models suggested the latter, predicting a strengthened AMOC due to declining aerosol emissions. But those models failed to recreate the actual, observed cooling.

"Our results show that only the models with a weakening AMOC get it right," Liu said. "That means many of the recent models are too sensitive to aerosol changes, and less accurate for this region."

By resolving that mismatch, the study strengthens future climate forecasts, especially those concerning Europe, where the influence of the AMOC is most pronounced.




The study also highlights the ability to draw clear conclusions from indirect evidence. With limited direct data on the AMOC, temperature and salinity records provide a valuable alternative for detecting long-term change, and for helping to predict future climate scenarios.

"We don't have direct observations going back a century, but the temperature and salinity data let us see the past clearly," Li said. "This work shows the AMOC has been weakening for more than a century, and that trend is likely to continue if greenhouse gases keep rising."

As the climate system shifts, the South Greenland cold spot may grow in influence. The hope is that by unlocking its origins, scientists can better prepare societies for what lies ahead.

"The technique we used is a powerful way to understand how the system has changed, and where it is likely headed if greenhouse gases keep rising," Li said.
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Diabetes drug cuts migraines in half by targeting brain pressure | ScienceDaily
A diabetes medication that lowers brain fluid pressure has cut monthly migraine days by more than half, according to a new study presented today at the European Academy of Neurology (EAN) Congress 2025.1


						
Researchers at the Headache Center of the University of Naples "Federico II" gave the glucagon-like peptide-1 (GLP-1) receptor agonist liraglutide to 26 adults with obesity and chronic migraine (defined as [?]15 headache days per month). Patients reported an average of 11 fewer headache days per month, while disability scores on the Migraine Disability Assessment Test dropped by 35 points, indicating a clinically meaningful improvement in work, study, and social functioning.

GLP-1 agonists have gained recent widespread attention, reshaping treatment approaches for several diseases, including diabetes and cardiovascular disease.2 In the treatment of type 2 diabetes, liraglutide helps lower blood sugar levels and reduce body weight by suppressing appetite and reducing energy intake.3,4,5

Importantly, while participants' body-mass index declined slightly (from 34.01 to 33.65), this change was not statistically significant. An analysis of covariance confirmed that BMI reduction had no effect on headache frequency, strengthening the hypothesis that pressure modulation, not weight loss, drives the benefit.

"Most patients felt better within the first two weeks and reported quality of life improved significantly," said lead researcher Dr Simone Braca. "The benefit lasted for the full three-month observation period, even though weight loss was modest and statistically non-significant."

Patients were screened to exclude papilledema (optic disc swelling resulting from increased intracranial pressure) and sixth nerve palsy, ruling out idiopathic intracranial hypertension (IIH) as a confounding factor. Growing evidence closely links subtle increases in intracranial pressure to migraine attacks.6 GLP-1-receptor agonists such as liraglutide reduce cerebrospinal fluid secretion and have already proved effective in treating IIH.7 Therefore, building on these observations, Dr Braca and colleagues hypothesized that exploiting the same mechanism of action might ultimately dampen cortical and trigeminal sensitization that underlie migraine.

"We think that, by modulating cerebrospinal fluid pressure and reducing intracranial venous sinuses compression, these drugs produce a decrease in the release of calcitonin gene-related peptide (CGRP), a key migraine-promoting peptide," Dr Braca explained. "That would pose intracranial pressure control as a brand-new, pharmacologically targetable pathway."

Mild gastrointestinal side effects (mainly nausea and constipation) occurred in 38% of participants but did not lead to treatment discontinuation.




Following this exploratory 12-week pilot study, a randomized, double-blind trial with direct or indirect intracranial pressure measurement is now being planned by the same research team in Naples, led by Professor Roberto De Simone. "We also want to determine whether other GLP-1 drugs can deliver the same relief, possibly with even fewer gastrointestinal side effects," Dr Braca noted.

If confirmed, GLP-1-receptor agonists could offer a new treatment option for the estimated one in seven people worldwide who live with migraine,8 particularly those who do not respond to current preventives. Given liraglutide's established use in type 2 diabetes and obesity, it may represent a promising case of drug repurposing in neurology.

About the Expert:

Dr Simone Braca is a neurology resident and clinical research fellow at the Headache Centre of the University of Naples "Federico II," Italy. His work focuses on the interplay between applied pharmacodynamics, intracranial-pressure regulation and primary headache disorders. Dr Braca has authored or co-authored several peer-reviewed papers on migraine therapeutics and serves as an early-career representative in the European Academy of Neurology (EAN) Headache Scientific Panel. He combines hands-on patient care with translational research, aiming to bring novel, mechanism-based treatments from bench to bedside.
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Frozen in time: Transparent worms keep genes in sync for 20 million years | ScienceDaily
Two species of worms have retained remarkably similar patterns in the way they switch their genes on and off despite having split from a common ancestor 20 million years ago, a new study finds.


						
The findings appear in the June 19 issue of the journal Science.

"It was just remarkable, with this evolutionary distance, that we should see such coherence in gene expression patterns," said Dr. Robert Waterston, professor of genome sciences at the University of Washington School of Medicine in Seattle and a co-senior author of the paper. "I was surprised how well everything lined up."

Gene expression patterns tended to remain unchanged -- or what evolutionary biologists call conserved -- when a change might affect many cell types, Waterston said.

"If the gene is broadly expressed in many cell types across the organism, it may be difficult to change expression," he said. "But if the gene expression is limited to a single cell type or a few cell types, maybe it can succeed."

When gene expression did diverge between the two worms, the changes were more likely to occur in specialized cell types. For example, expression patterns in cells involved in basic functions like muscle or gut tended to be conserved, while expression patterns in more specialized cells involved in sensing and responding to the worm's environment were more likely to diverge.

"Genes related to neuronal function, for example, seem to diverge more rapidly -- perhaps because changes were needed to adapt to new environments -- but for now, that's speculation," said Christopher R. L. Large, a postdoctoral fellow in the Department of Genetics at the Perelman School of Medicine at the University of Pennsylvania and the paper's lead author. Large earned his Ph.D. in genome sciences from the UW School of Medicine.




In the study, researchers compared gene expression patterns in two soil-dwelling roundworms, Caenorhabditis elegans and Caenorhabditis briggsae. Both species are ideal for studying development: They are small, about a millimeter long; simple, made up of about 550 cells when fully developed; and transparent. These characteristics allow scientists to observe their cells divide and develop in real time. Importantly, these worms share many of their roughly 20,000 genes with more complex organisms, including humans.

All the cells in both worms have been identified and mapped. Despite 20 million years of evolution, the two worms retain nearly identical body plans and cell types, with an almost one-to-one correspondence that makes them ideal subjects for comparison.

The goal of the study was to compare gene expression in every cell type of the two worms to determine what changes had occurred since they split from their common ancestor.

To do this, the researchers measured levels of messenger RNA in every cell at various stages of embryonic development by using a technique called single-cell RNA sequencing.

Messenger RNA, or mRNA, carries the instructions for making proteins from active genes to the cell's protein-making machinery. High levels of mRNA from a gene indicate that it is active. Low levels mean it's inactive.

With the single-cell RNA sequencing technique, the researchers tracked the changes in the individual cells during the worms' embryonic development from when the embryo was a ball of 28 mostly undifferentiated cells to when most cell types had developed into their near final form, a process that takes about 12 hours

"We've been studying the evolution of development since the 1970s," said Dr. Junhyong Kim, professor of biology and director of the Penn Genome Frontiers Institute, a co-senior author of the study. "But this is the first time that we've been able to compare development in every single cell of two different organisms."




Kim said the finding that some gene expression was conserved wasn't surprising, because of how similar the worms' bodies are. But it was surprising that when there were changes, those changes appeared to have no effect on the body plan.

The study describes where and when gene expression patterns differ between the species but doesn't yet explain why, said Dr. John Isaac Murray, associate professor of genetics at the Perelman School of Medicine and the study's third senior author.

"It's hard to say whether any of the differences we observed were due to evolutionary adaptation or simply the result of genetic drift, where changes happen randomly," he said. "But this approach will allow us to explore many unanswered questions about evolution."

This study was supported by the National Institutes of Health (HD105819, HG010478, HG007355) and the National Sciences Foundation (PRFB2305513).
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Cold sore virus hijacks human genome in 3D--and scientists found its weak spot | ScienceDaily
Viruses are entirely dependent on their hosts to reproduce. They ransack living cells for parts and energy and hijack the host's cellular machinery to make new copies of themselves. Herpes simplex virus-1 (HSV-1), it turns out, also redecorates, according to a new study in Nature Communications.


						
Researchers at the Center for Genomic Regulation (CRG) in Barcelona have discovered the cold sore virus reshapes the human genome's architecture, rearranging its shape in three-dimensional space so that HSV-1 can access host genes most useful for its ability to reproduce.

"HSV-1 is an opportunistic interior designer, reshaping the human genome with great precision and choosing which bits it comes into contact with. It's a novel mechanism of manipulation we didn't know the virus had to exploit host resources," says Dr. Esther Gonzalez Almela, first author of the study.

While other herpes viruses have been seen compacting and reshaping host chromosomes, it was unclear whether it was a side effect of the virus invading and setting up its own viral replication factories. The study is the first proof that HSV-1 reshapes the human genome deliberately and within hours of infection.

Crucially, the researchers found that blocking a single host enzyme, topoisomerase I, completely blocked HSV-1's ability to rearrange the human genome during infection, bringing the hostile takeover to a halt. The discovery represents a new potential strategy to control a virus which infects nearly four billion people worldwide.

"In cell culture, inhibiting this enzyme stopped the infection before the virus could make a single new particle," says ICREA Research Professor Pia Cosma, corresponding author of the study at the Center for Genomic Regulation (CRG) in Barcelona. "That gives us a potential new therapeutic target to stop infection."

The researchers made the findings by combining super-resolution microscopy, an imaging technique which can see structures 20 nanometers wide, around 3,500 times thinner than a strand of hair, with Hi-C, a technique that reveals which bits of DNA are touching inside the nucleus. They used both techniques to gain new mechanistic insights into how HSV-1 hijacks human cells.




They found the hostile takeover begins within the first hour, with the virus hijacking the human RNA-polymerase II enzyme to help synthesize its own proteins. Topoisomerase I, an enzyme that snips DNA to release torsional stress, and cohesin, a structural protein, followed human RNA-polymerase II into the newly forming viral replication compartments.

Three hours after infection, most polymerase and a sizeable fraction of the other two factors had abandoned human genes. The wholesale theft causes transcription to collapse across the host genome, which in turn caused chromatin, the human genome's natural state inside cells, to be crushed into a dense shell just 30% of its original volume.

This was an unexpected finding, as the structure of chromatin is thought to dictate transcription. "We always thought dense chromatin shut genes down but here we see the opposite: stop enough transcription first and the DNA compacts afterwards. The relationship between activity and structure might be a two-way street," says Dr. Alvaro Castells Garcia, co-first author of the study.

Two in every three people under age 50 live with HSV-1. Once infected, people have the virus for life, though most cases are asymptomatic or manifest as recurrent cold sores. Rarely, the virus can cause blindness or life-threatening disease in newborns and immunocompromised people.

The findings of the study can help address the public health burden of HSV-1, which is considered a global health challenge because of its prevalence and ability to cause recurrent outbreaks. Though treatments are available to manage symptoms, drug-resistant strains are on the rise, and there is no cure
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Fitness trackers are failing millions - this fix could change everything | ScienceDaily
For many, fitness trackers have become indispensable tools for monitoring how many calories they've burned in a day. But for those living with obesity, who are known to exhibit differences in walking gait, speed, energy burned and more, these devices often inaccurately measure activity -- until now.


						h
For many, fitness trackers have become indispensable tools for monitoring how many calories they've burned in a day. But for those living with obesity, who are known to exhibit differences in walking gait, speed, energy burned and more, these devices often inaccurately measure activity -- until now.

Scientists at Northwestern University have developed a new algorithm that enables smartwatches to more accurately monitor the calories burned by people with obesity during various physical activities.

The technology bridges a critical gap in fitness technology, said Nabil Alshurafa, whose Northwestern lab, HABits Lab, created and tested the open-source, dominant-wrist algorithm specifically tuned for people with obesity. It is transparent, rigorously testable and ready for other researchers to build upon. Their next step is to deploy an activity-monitoring app later this year that will be available for both iOS and Android use.

"People with obesity could gain major health insights from activity trackers, but most current devices miss the mark," said Alshurafa, associate professor of behavioral medicine at Northwestern University Feinberg School of Medicine.

Current activity-monitoring algorithms that fitness trackers use were built for people without obesity. Hip-worn trackers often misread energy burn because of gait changes and device tilt in people with higher body weight, Alshurafa said. And lastly, wrist-worn models promise better comfort, adherence and accuracy across body types, but no one has rigorously tested or calibrated them for this group, he said.

"Without a validated algorithm for wrist devices, we're still in the dark about exactly how much activity and energy people with obesity really get each day -- slowing our ability to tailor interventions and improve health outcomes," said Alshurafa, whose team tested his lab's algorithm against 11 state-of-the-art algorithms designed by researchers using research-grade devices and used wearable cameras to catch every moment when wrist sensors missed the mark on calorie burn.




The findings will be published on June 19 in Nature Scientific Reports.

The exercise class that motivated the research

Alshurafa was motivated to create the algorithm after attending an exercise class with his mother-in-law who has obesity.

"She worked harder than anyone else, yet when we glanced at the leaderboard, her numbers barely registered," Alshurafa said. "That moment hit me: fitness shouldn't feel like a trap for the people who need it most."

Algorithm rivals gold-standard methods

By using data from commercial fitness trackers, the new model rivals gold-standard methods of measuring energy burn and can estimate how much energy someone with obesity is using every minute, achieving over 95% accuracy in real-world situations. This advancement makes it easier for more people with obesity to track their daily activities and energy use, Alshurafa said.




How the study measured energy burn

In one group, 27 study participants wore a fitness tracker and metabolic cart -- a mask that measures the volume of oxygen the wearer inhales and the volume of carbon dioxide the wearer exhales to calculate their energy burn (in kilocalories/kCals) and resting metabolic rate. The study participants went through a set of physical activities to measure their energy burn during each task. The scientists then looked at the fitness tracker results to see how they compared to the metabolic cart results.

In another group, 25 study participants wore a fitness tracker and body camera while just living their lives. The body camera allowed the scientists to visually confirm when the algorithm over- or under-estimated kCals.

At times, Alshurafa said he would challenge study participants to do as many pushups as they could in five minutes.

"Many couldn't drop to the floor, but each one crushed wall-pushups, their arms shaking with effort," he said, "We celebrate 'standard' workouts as the ultimate test, but those standards leave out so many people. These experiences showed me we must rethink how gyms, trackers and exercise programs measure success -- so no one's hard work goes unseen."

The study is titled, "Developing and comparing a new BMI inclusive energy burn algorithm on wrist-worn wearables."

Other Northwestern authors include lead author Boyang Wei, and Christopher Romano and Bonnie Nolan. This work also was done in collaboration with Mahdi Pedram and Whitney A. Morelli, formerly of Northwestern.

Funding for the study was provided by the National Institute of Diabetes and Digestive and Kidney Diseases (grants K25DK113242-01A1 and R01DK129843-01), the National Science Foundation (grant 1915847), the National Institute of Biomedical Imaging and Bioengineering (grant R21EB030305-01) and the National Institutes of Health's National Center for Advancing Translational Sciences (grant UL1TR001422).
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Self-esteem skyrockets 131% after weight-loss surgery, study reveals | ScienceDaily
Self-esteem scores more than doubled within one year of weight-loss surgery, according to a new study* presented today at the American Society for Metabolic and Bariatric Surgery (ASMBS) 2025 Annual Scientific Meeting.


						
Researchers from Geisinger Medical Center found that after bariatric surgery self-esteem scores rose to 77.5 from 33.6 - a more than 40-point increase. The higher the score on a scale from 0 to 100, the higher the level of self-esteem and quality of life. The amount of weight loss appears to fuel the increase in self-esteem -- scores were highest among those who lost the most weight despite demographics differences including gender, age, and race or type of bariatric procedure.

Researchers used a prospectively maintained database to identify 5,749 patients aged 18 and older with body mass index (BMI) of 35 or more who had metabolic and bariatric surgery between 2006 and 2019. Patients completed the Impact of Weight Quality of Life (iwQOL) survey pre-operatively and 12 months after the operation to assess weight stigma and their quality of life.

"Understanding weight stigma and psychosocial factors associated with obesity is essential to offering holistic care. While these factors should not dictate the decision to have bariatric surgery, they should be an important part of the conversation," said study co-author Justin Dhyani, MD, Geisinger Medical Center in Danville, PA.

Weight stigma is associated with adverse health outcomes including depression, anxiety, disordered eating, and low self-esteem. Among adults with obesity, the prevalence of weight discrimination is 19% to 42%, with higher rates reported among those with higher BMIs and women.

"Weight stigma is a serious issue that places an extra psychological burden on patients struggling with obesity and there is no excuse for it," said Ann M. Rogers, MD, MD, FACS, FASMBS, President, ASMBS, who was not involved in the study. "This study shows we need to understand what patients are going through and be supportive and empowering of them as they navigate their health and make decisions about treatment."
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