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      Latest Science News

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


      
        Poor sleep speeds brain aging and may raise dementia risk
        New research shows that poor sleep could make the brain appear years older than it really is. Using MRI scans and machine learning, scientists found a clear link between unhealthy sleep patterns and accelerated brain aging.

      

      
        A single dose of psilocybin may rewire the brain for lasting relief
        Penn researchers found that psilocybin can calm brain circuits tied to pain and mood, easing both physical suffering and emotional distress in animal studies. The compound works in the anterior cingulate cortex, bypassing injury sites and offering a dual benefit for pain and depression. Unlike opioids, psilocybin is non-addictive and may provide relief lasting weeks.

      

      
        A century-old piano mystery has just been solved
        Scientists confirmed that pianists can alter timbre through touch, using advanced sensors to capture micro-movements that shape sound perception. The discovery bridges art and science, promising applications in music education, neuroscience, and beyond.

      

      
        How gaslighting tricks the brain into questioning reality
        Gaslighting, often seen as a form of manipulation, has now been reframed by researchers at McGill University and the University of Toronto as a learning process rooted in how our brains handle prediction and surprise. Instead of merely being explained through outdated psychodynamic theories, this new model highlights how trust and close relationships can be exploited by manipulators who repeatedly undermine a person's confidence in their own reality.

      

      
        This ultra-thin solar tech could power everything from phones to skyscrapers
        A team in Sweden has unraveled the hidden structure of a promising solar material using machine learning and advanced simulations. Their findings could unlock durable, ultra-efficient solar cells for a rapidly electrifying world.

      

      
        Viral apple cider vinegar weight loss study retracted for flawed science
        BMJ Group has pulled a widely reported apple cider vinegar weight-loss study after experts uncovered major flaws in its data and analysis. Attempts to replicate the results failed, and irregularities raised questions about the trial's reliability. The authors admitted mistakes and agreed to the retraction, while editors stressed the importance of transparency and warned against citing the discredited findings.

      

      
        A common supplement could supercharge cancer treatments
        Zeaxanthin, best known for eye health, has been found to boost the tumor-killing power of T cells. Researchers showed it strengthens T-cell receptors, enhances immune signaling, and improves the effects of immunotherapy. Found naturally in foods like spinach and peppers, it's safe, accessible, and now a promising candidate for cancer treatment trials.

      

      
        Before they sucked blood, leeches were ocean hunters
        A 430-million-year-old fossil has rewritten leech history, showing they are at least 200 million years older than previously believed. Unlike today's bloodsucking leeches, their ancient ancestors likely hunted small marine animals using a tail sucker rather than piercing skin.

      

      
        1,000 Swiss glaciers already gone, and the melting is speeding up
        Swiss glaciers lost nearly 3% of their volume in 2025, following a snow-poor winter and scorching summer heatwaves. The melt has been so extreme that some glaciers lost more than two meters of ice thickness in a single season. Scientists caution that the decline is destabilizing mountains, raising risks of rock and ice avalanches. Long-term monitoring efforts are now more critical than ever.

      

      
        Saturn's icy moon Enceladus just revealed stunning new clues to life
        Fresh analysis of Cassini data has revealed new complex organic molecules inside ice grains spewing from Enceladus. These discoveries strengthen the case that the moon's underground ocean hosts chemistry similar to life's building blocks on Earth. Scientists now believe Enceladus could be habitable, and plans are underway for a European mission to sample its surface and jets.

      

      
        The billion-year reign of fungi that predated plants and made Earth livable
        Fungi may have shaped Earth's landscapes long before plants appeared. By combining rare gene transfers with fossil evidence, researchers have traced fungal origins back nearly a billion years earlier than expected. These ancient fungi may have partnered with algae, recycling nutrients, breaking down rock, and creating primitive soils. Far from being silent background players, fungi were ecosystem engineers that prepared Earth's surface for plants, fundamentally altering the course of life's histo...

      

      
        DOLPHIN AI uncovers hundreds of invisible cancer markers
        A new AI tool called DOLPHIN exposes hidden genetic markers inside single cells, enabling earlier detection and more precise treatment choices. It also sets the stage for building virtual models of cells to simulate disease and drug responses.

      

      
        Princeton's AI reveals what fusion sensors can't see
        A powerful new AI tool called Diag2Diag is revolutionizing fusion research by filling in missing plasma data with synthetic yet highly detailed information. Developed by Princeton scientists and international collaborators, this system uses sensor input to predict readings other diagnostics can't capture, especially in the crucial plasma edge region where stability determines performance. By reducing reliance on bulky hardware, it promises to make future fusion reactors more compact, affordable, ...

      

      
        Scientists just solved Uranus' coldest mystery
        For decades, Uranus baffled scientists because it seemed to have no internal heat. Now, new computer modeling shows the planet actually emits more energy than it receives from the Sun. This subtle warmth suggests Uranus' story is more complex than previously thought, offering fresh clues about its violent past and about exoplanets similar in size.

      

      
        Blocking one protein supercharges the immune system against cancer
        Scientists have found a way to supercharge the immune system's T cells by blocking a protein called Ant2, essentially rewiring how these cells generate energy. This metabolic reprogramming makes them more resilient, faster, and deadlier against tumors.

      

      
        Yoga isn't as heart-healthy as you think, new study reveals
        A comprehensive review shows that yoga doesn't match up to traditional exercise for improving vascular health. Activities like Pilates, Tai Chi, and interval training prove more effective in keeping arteries resilient, especially in sedentary adults. While yoga remains valuable for accessibility and cultural significance, experts say it should be supplemented with more vigorous activity to fully protect heart health.

      

      
        Webb spots first hints of atmosphere on a potentially habitable world
        Astronomers using the James Webb Space Telescope are unraveling the mysteries of TRAPPIST-1e, an Earth-sized exoplanet 40 light years away that could harbor liquid water. Early data suggests hints of an atmosphere, but much remains uncertain. Researchers have already ruled out a hydrogen-rich primordial atmosphere, pointing instead to the possibility of a secondary atmosphere that could sustain oceans or ice.

      

      
        A plant compound might be the secret weapon against gum disease
        A team of researchers tested morin, a plant compound, against gum disease bacteria and found strong antimicrobial benefits. By encapsulating it in polymers, they created a powdered form for oral hygiene products. This could replace antibiotics, avoid side effects from existing treatments, and help vulnerable patients maintain oral health.

      

      
        Scientists may be closing in on dark matter's true identity
        The LUX-ZEPLIN detector is breaking new ground in the hunt for dark matter, setting unprecedented limits on WIMP particles. Its results not only narrow the possibilities for dark matter but also open exciting paths toward other rare physics discoveries.

      

      
        Scientists just found the strongest signs of life on Mars yet
        Perseverance rover data shows Jezero Crater once held a calm lake, leaving behind mudstones rich in organic-linked minerals. The presence of iron-phosphate and iron-sulfide nodules suggests processes resembling microbial activity on Earth. Scientists caution that only Earth-based labs can confirm their true origin, but the samples collected may hold the strongest evidence yet of ancient Martian life.

      

      
        Black mamba venom has a deadly hidden second strike
        Scientists have uncovered a dangerous hidden feature in Black Mamba venom that explains why antivenoms sometimes fail. The study revealed that several mamba species launch a dual neurological attack, first causing limp paralysis and then unleashing painful spasms once treatment begins.

      

      
        Pollen holds a secret that could save honeybees
        Scientists have discovered that pollen is a hidden source of natural medicine for honeybees. Symbiotic bacteria called Streptomyces produce antimicrobial compounds that fight deadly bee and plant pathogens. Bees collect these bacteria along with pollen and store them in hives, creating a natural defense system. This could lead to new, sustainable ways of protecting both pollinators and crops.

      

      
        Long commutes and small homes are wrecking sleep
        Tokyo residents face a trade-off between home size and commute time when it comes to sleep health. A new study shows longer commutes increase both insomnia and daytime sleepiness, while smaller housing also raises insomnia risk. Even with average-sized homes, commuting more than 52 minutes pushed people into the insomnia range. Researchers say smarter housing planning could improve both sleep and quality of life.

      

      
        New rocket fuel compound packs 150% more energy
        A new boron-rich compound, manganese diboride, delivers much higher energy density than current solid-rocket materials while remaining stable until intentionally ignited. Its power comes from an unusual, strained atomic structure formed during ultra-hot synthesis, with promising uses beyond propulsion.

      

      
        First living cochlea outside the body shows how hearing really works
        Scientists have kept a tiny slice of cochlea alive outside the body, directly witnessing how hair cells amplify sound. The finding confirms a universal principle of hearing and could pave the way for long-sought treatments for hearing loss.

      

      
        The hidden forces inside diamonds that could make tech 1,000x faster
        A team of physicists has discovered that virtual charges, which exist only during brief interactions with light, play a critical role in ultrafast material responses. Using attosecond pulses on diamonds, they showed these hidden carriers significantly influence optical behavior. The findings could accelerate the development of petahertz-speed devices, unlocking a new era of ultrafast electronics.

      

      
        This tiny butterfly has the most chromosomes of any animal on Earth
        Scientists have confirmed that the Atlas blue butterfly carries the most chromosomes of any animal, with 229 pairs. Unlike duplication, its chromosomes split apart, reshaping its genome in surprising ways. This discovery sheds light on evolution, conservation, and even cancer research.

      

      
        Astronomers stunned as fiery auroras blaze on a planet without a star
        The James Webb Telescope has revealed fierce auroras, storms, and unchanging sand-like clouds on the rogue planet SIMP-0136. These insights are pushing the boundaries of our understanding of alien atmospheres and exoplanet weather.

      

      
        Scientists finally explain the real reason pregnant women get morning sickness
        Morning sickness isn't just random misery--it's a biological defense system shaped by evolution to protect the fetus. By linking immune responses to nausea and food aversions, UCLA researchers show these symptoms are signs of a healthy pregnancy.

      

      
        The hidden iron switch that makes cancer cells self-destruct
        Scientists discovered that inhibiting the enzyme STK17B forces multiple myeloma cells into iron-driven death and makes therapies more effective. Early mouse studies show strong potential for a new treatment approach.

      

      
        Why Gen X women can't stop eating ultra-processed foods
        Researchers found that middle-aged adults, especially women, are far more likely to be addicted to ultra-processed foods than older generations. Marketing of diet-focused processed foods in the 1980s may have played a major role. Food addiction was linked to poor health, weight issues, and social isolation, highlighting long-term risks. Experts warn that children today could face even higher addiction rates in the future.

      

      
        Simple blood test predicts liver disease years before symptoms
        Researchers in Sweden and Finland have created the CORE model, a simple blood test that predicts liver disease risk with striking accuracy. Unlike current methods, it works for the general population and can be used in everyday primary care settings. With validation across multiple countries and a web tool already available, the breakthrough could lead to much earlier detection of cirrhosis and liver cancer.

      

      
        Stunning images reveal how antibiotics shatter bacterial defenses
        Researchers have revealed how polymyxins, crucial last-resort antibiotics, break down bacterial armor by forcing cells to overproduce and shed it. Astonishingly, the drugs only kill bacteria when they're active, leaving dormant cells untouched. This discovery could explain recurring infections and inspire strategies to wake bacteria up before treatment.

      

      
        Hubble finds a hybrid galaxy with a mysterious and violent past
        Hubble has captured a striking new image of NGC 2775, a galaxy that defies easy classification. Blending features of spirals, ellipticals, and lenticulars, its puzzling structure may be the result of past galactic mergers.

      

      
        Earth was born dry until a cosmic collision made it a blue planet
        Scientists have shown that Earth's basic chemistry solidified within just three million years of the Solar System's formation. Initially, the planet was barren and inhospitable, missing water and carbon compounds. A colossal collision with Theia likely changed everything, bringing the essential ingredients for life. The study highlights that habitability may hinge on rare chance events.

      

      
        Black hole discovery confirms Einstein and Hawking were right
        A fresh black hole merger detection has offered the clearest evidence yet for Einstein's relativity and Hawking's predictions. Scientists tracked the complete cosmic collision, confirming that black holes are defined by mass and spin. They also gained stronger proof that a black hole's event horizon only grows, echoing thermodynamic laws. The results hint at deeper connections between gravity, entropy, and quantum theory.

      

      
        Fossils in germany reveal a Jurassic sea monster with a swordfish snout
        Scientists have named a new ichthyosaur, Eurhinosaurus mistelgauensis, from fossils found in Mistelgau, Germany. The marine reptile had a dramatic overbite similar to swordfish and unique skeletal traits that set it apart from other species. The discovery underscores Mistelgau's global significance as a Jurassic fossil site, with more studies underway to uncover how these animals lived and thrived.

      

      
        Heisenberg said it was impossible. Scientists just proved otherwise
        Researchers have reimagined Heisenberg's uncertainty principle, engineering a trade-off that allows precise measurement of both position and momentum. Using quantum computing tools like grid states and trapped ions, they demonstrated sensing precision beyond classical limits. Such advances could revolutionize navigation, medicine, and physics, while underscoring the global collaboration driving quantum research.

      

      
        Miscarriages, down syndrome, and infertility all linked to this hidden DNA process
        Human fertility hinges on a delicate molecular ballet that begins even before birth. UC Davis researchers have uncovered how special protein networks safeguard chromosomes as eggs and sperm form, ensuring genetic stability across generations. Using yeast as a model, they revealed how crossovers between chromosomes are protected for decades in female eggs, preventing errors that could lead to infertility, miscarriage, or conditions like Down syndrome.

      

      
        Fruit might be the surprising key to healthier lungs
        Eating more fruit could help protect lungs from air pollution damage, particularly in women. Researchers point to antioxidants and anti-inflammatory compounds in fruit as possible defenses against harmful airborne particles.

      

      
        Doctors tested a common drug on COVID. The results are stunning
        Inhaled heparin significantly lowers the risk of death and ventilation in COVID-19 patients while also showing potential against other respiratory infections. With its unique triple-action benefits, it could serve as a powerful and accessible treatment worldwide.

      

      
        New inhaler halves childhood asthma attacks
        A groundbreaking international study has shown that a 2-in-1 budesonide-formoterol inhaler is far more effective than the standard salbutamol inhaler in children with mild asthma, cutting attacks by nearly half.

      

      
        Junk food can scramble memory in just 4 days
        Scientists discovered that high-fat junk food disrupts memory circuits in the brain almost immediately. Within just four days, neurons in the hippocampus became overactive, impairing memory. Restoring glucose calmed the neurons, showing that interventions like fasting or dietary shifts can restore brain health. This could help prevent obesity-related dementia and Alzheimer's.

      

      
        The accidental discovery that forged the Iron Age
        Ancient copper smelters may have accidentally set the stage for the Iron Age. At a 3,000-year-old workshop in Georgia, researchers discovered that metalworkers were using iron oxide not to smelt iron but to improve copper yields. This experimentation shows how curiosity with materials could have sparked one of history's greatest technological leaps, turning iron from a rare celestial metal into the backbone of empires and industry.

      

      
        Why "dry" oil wells aren't really empty
        Oil wells often dry up far earlier than predicted, leaving companies baffled about the "missing" reserves. A Penn State team tackled this puzzle by harnessing PSC's Bridges-2 supercomputer, adding a time dimension and amplitude analysis to traditional seismic data. Their findings revealed hidden rock structures blocking oil flow, meaning reserves weren't gone--they were trapped.

      

      
        Quantum chips just proved they're ready for the real world
        Diraq has shown that its silicon-based quantum chips can maintain world-class accuracy even when mass-produced in semiconductor foundries. Achieving over 99% fidelity in two-qubit operations, the breakthrough clears a major hurdle toward utility-scale quantum computing. Silicon's compatibility with existing chipmaking processes means building powerful quantum processors could become both cost-effective and scalable.

      

      
        Living with purpose may protect your brain from dementia
        Living with a sense of purpose may not just enrich life, it could also guard against dementia. A UC Davis study tracking over 13,000 adults for up to 15 years found that people with higher purpose were about 28% less likely to develop cognitive impairment. Purpose was linked to resilience across ethnicities, even in those with genetic risks for Alzheimer's, and activities like relationships, volunteering, spirituality, and personal goals can help nurture it.

      

      
        Autism may be the price of human intelligence
        Researchers discovered that autism's prevalence may be linked to human brain evolution. Specific neurons in the outer brain evolved rapidly, and autism-linked genes changed under natural selection. These shifts may have slowed brain development in children while boosting language and cognition. The findings suggest autism is part of the trade-off that made humans so cognitively advanced.

      

      
        Cocoa supplements show surprising anti-aging potential
        Daily cocoa extract supplements reduced key inflammation markers in older adults, pointing to a role in protecting the heart. The findings reinforce the value of flavanol-rich, plant-based foods for healthier aging.

      

      
        Four strange secrets scientists just found in beer and wine
        Beer and wine, staples of human history for millennia, are still yielding new surprises. Recent research highlights how yeast extracts can cloud lagers, gluten can be quickly detected with a simple test strip, tannins give red wine its lip-puckering edge, and sulfites alter gut bacteria in unexpected ways. These discoveries not only deepen our understanding of these drinks' sensory qualities but also hint at implications for health and brewing innovation.
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Poor sleep speeds brain aging and may raise dementia risk | ScienceDaily
People who sleep poorly are more likely than others to have brains that appear older than they actually are. This is according to a comprehensive brain imaging study from Karolinska Institutet, published in the journal eBioMedicine. Increased inflammation in the body may partly explain the association.


						
Poor sleep has been linked to dementia, but it is unclear whether unhealthy sleep habits contribute to the development of dementia or whether they are rather early symptoms of the disease. In a new study, researchers at Karolinska Institutet have investigated the link between sleep characteristics and how old the brain appears in relation to its chronological age.

The study includes 27,500 middle-aged and older people from the UK Biobank who underwent magnetic resonance imaging (MRI) of the brain. Using machine learning, the researchers estimated the biological age of the brain based on over a thousand brain MRI phenotypes.

Low-grade inflammation

The participants' sleep quality was scored based on five self-reported factors: chronotype (being a morning/evening person), sleep duration, insomnia, snoring, and daytime sleepiness. They were then divided into three groups: healthy ([?]4 points), intermediate (2-3 points), or poor ([?]1 point) sleep.

"The gap between brain age and chronological age widened by about six months for every 1-point decrease in healthy sleep score," explains Abigail Dove, researcher at the Department of Neurobiology, Care Sciences and Society, Karolinska Institutet, who led the study. "People with poor sleep had brains that appeared on average one year older than their actual age."

To understand how poor sleep can affect the brain, the researchers also examined levels of low-grade inflammation in the body. They found that inflammation could explain just over ten per cent of the link between poor sleep and older brain age.




"Our findings provide evidence that poor sleep may contribute to accelerated brain aging and point to inflammation as one of the underlying mechanisms," says Abigail Dove. "Since sleep is modifiable, it may be possible to prevent accelerated brain aging and perhaps even cognitive decline through healthier sleep."

Several possible explanations

Other possible mechanisms that could explain the association are negative effects on the brain's waste clearance system, which is active mainly during sleep, or that poor sleep affects cardiovascular health, which in turn can have a negative impact on the brain.

Participants in the UK Biobank are healthier than the general UK population, which could limit the generalisability of the findings. Another limitation of the study is that the results are based on self-reported sleep.

The study was conducted in collaboration with researchers from the Swedish School of Sport and Health Sciences, and Tianjin Medical University and Sichuan University in China, among others. It was funded by the Alzheimer's Foundation, the Dementia Foundation, the Swedish Research Council, the Loo and Hans Osterman Foundation for Medical Research, and the Knowledge Foundation. The researchers report no conflicts of interest.
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A single dose of psilocybin may rewire the brain for lasting relief | ScienceDaily
Researchers at Penn Medicine have identified specific brain circuits that are impacted by psilocybin -- the active compound found in some psychedelic mushrooms -- which could lead to new paths forward for pain and mental health management options. Chronic pain affects more than 1.5 billion people worldwide and is often deeply entangled with depression and anxiety, creating a vicious cycle that amplifies suffering and impairs quality of life. The study from the Perelman School of Medicine at the University of Pennsylvania- published today in Nature Neuroscience- offers new insight into ways to disrupt this cycle.


						
"As an anesthesiologist, I frequently care for people undergoing surgery who suffer from both chronic pain and depression. In many cases, they're not sure which condition came first, but often, one makes the other worse," said Joseph Cichon, MD, PhD, an assistant professor of Anesthesiology and Critical Care at Penn and senior author of the study. "This new study offers hope. These findings open the door to developing new, non-opioid, non-addictive therapies as psilocybin and related psychedelics are not considered addictive."

Targeting the Brain's Pain and Mood Hub

In studies using mice with chronic nerve injury and inflammatory pain, researchers found that a single dose of psilocybin reduced both pain and pain-induced anxiety and depression-like behaviors, with those benefits lasting almost two weeks. Psilocybin acts by gently activating specific brain signals, called serotonin receptors (5-HT2A and 5-HT1A). "Unlike other drugs that fully turn these signals on or off, psilocybin acts more like a dimmer switch, turning it to just the right level," said Cichon.

To pinpoint where the effects originated, researchers injected psilocin -- the active substance into which the body converts psilocybin -- into different regions of the central nervous system. The team used advanced fluorescent microscopy, a technique that uses glowing dyes to see and capture neuronal activity, to see chronic pain neurons spontaneously firing. When psilocin was injected directly into the prefrontal cortex of the brain, specifically the anterior cingulate cortex (ACC), a part of the brain that processes pain and emotions, it provided the same pain relief and mood improvements as when psilocybin was given to the whole body.

Researchers also injected psilocin into the spinal cord, but it didn't have the same calming effect. "Psilocybin may offer meaningful relief for patients by bypassing the site of injury altogether and instead modulating brain circuits that process pain, while lifting the ones that help you feel better, giving you relief from both pain and low mood at the same time," said Cichon.

Results Can Drive Future Psilocybin Research

Researchers believe the findings from this study could also inform therapies for other conditions involving dysregulated brain circuits, such as addiction or post-traumatic stress disorder. Cichon adds that more research is needed to determine the effectiveness of psilocybin. "In my anesthesiology practice, I often see that both pain and mood symptoms can worsen following surgery due to the physiological and psychological stress imposed by the procedure. While psilocybin shows promise as a treatment for both pain and depression, it remains uncertain whether such therapies would be safe, effective, or feasible in the context of surgery and anesthesia," adds Cichon. The Penn team plans to investigate optimal dosing strategies, long-term effects, and the ability of the brain to re-wire itself in sustaining these benefits in rodent models. "While these findings are encouraging, we don't know how long-lived psilocybin's effects are or how multiple doses might be needed to adjust brain pathways involved in chronic pain for a longer lasting solution," adds Stephen Wisser, co-author and a Penn Neuroscience PhD student in Cichon's lab.

The study was funded by the National Institutes of Health (R35GM151160-01) and the American Society of Regional Anesthesia and Pain Medicine (ASRA) Chronic Pain Medicine Research Award.
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A century-old piano mystery has just been solved | ScienceDaily
A research group led by Dr. Shinichi Furuya of the NeuroPiano Institute and Sony Computer Science Laboratories, Inc. announced research findings that for the first time scientifically clarified how pianists' manipulations of keys alters piano timbre.


						
Creativity in painting, music, and other arts is underpinned by the ability to create diverse perceptual experiences for audiences. However, whether timbre could actually be changed mid-instrumental performance, and what physical motor skills would be required to do so, remained unclear.

The research group developed a unique sensor system that can measure piano key movements at a temporal resolution of 1,000 fps, and measured key movements when professional pianists expressed various timbres on the piano. The results revealed that listeners could distinguish the pianists' intended timbres, regardless of whether or not they had any piano performance training experience. The group further successfully identified the key movement features that produce these timbre differences.

This discovery addresses the over century-old question, "Can pianists alter timbre through touch?" by demonstrating that timbre manipulation through touch cultivated by pianists is not a mere sensory metaphor but a scientifically backed skill. These findings open the possibility of visualizing and teaching specific movement features that produce timbre, which would lead to more efficient practice and prevention of mislearning. They also reveal that high-level body motor control shapes artistic perception, suggesting potential applications across various disciplines, including rehabilitation, skill transfer, and human interface design.

These research findings were published in the international scientific journal Proceedings of the National Academy of Sciences (PNAS) on September 22, 2025.

These results were obtained through the following program, research area, and research theme:

JST Strategic Basic Research Program (CREST) Research Area: Core Technologies for Trusted Quality AI Systems (Research Supervisor: Akiko Aizawa, Professor, Digital Content and Media Sciences Research Division, National Institute of Informatic, Research Organization of Information and Systems) Research Theme: Building a Trusted Explorable Recommendation Foundation Technology Research Director: Masataka Goto (Prime Senior Researcher, AIST) Research Period: October 2020 -- March 2026

Moonshot Research & Development Program (MOONSHOT) Research Area: Realization of a society in which human beings can be free from limitations of body, brain, space, and time by 2050 (Research Supervisor: Norihiro Hagita, Chair and Professor, Art Science Department, Osaka University of Arts) Research Theme: Liberation from Biological Limitations via Physical, Cognitive and Perceptual Augmentation Research Director: Ryota Kanai (Director, Corporate Planning & Innovation Co-Creation Unit, Advanced Telecommunications Research Institute International (ATR)) Research Period: October 2020 -- March 2026




Background and History of the Research

Musicians and other performing artists, surgeons, traditional craftsmen and others considered experts in various fields acquire their skills through years of extensive training. In particular, in the performing arts, it has long been thought that the mastering of physical motor skills that produce diverse perceptions is essential for embodying creativity. For instance, while pitch and volume in instrumental performance clearly depend on manipulation of the instrument, there had been no scientific evidence for cases where "an instrument that should produce a certain sound produces a different timbre" -- a phenomenon that was widely believed possible among performers and educators. This question was discussed regarding the piano in Nature magazine in the early 20th century, but systematic perceptual experiments and data analysis had not been carried out to date, leaving the question unanswered. Thus, the means for acquiring skills that produce diverse expressions remained unknown, and problems during this process -- such as misrecognition of personal limitations and risk of injury or disability arising during skill-acquisition training -- persisted. An evidence-based understanding of the mechanisms of technical skill is essential for humans and systems to be able to recommend appropriate training methods, and for the resulting recommendations to be trusted by learners and teachers.

Background and History of the Research

A research team from the NeuroPiano Institute and Sony Computer Science Laboratories (Sony CSL) revealed that the timbral qualities pianists intended to express were conveyed to listeners, and that the high-precision control of fingertip movement was involved.

The research group used Hackkey, their proprietary high-precision non-contact sensor system, to measure the movements of all 88 keys at 1,000 fps (1 ms temporal precision) and 0.01 mm spatial resolution. This apparatus analyzed keyboard movements when 20 internationally renowned pianists performed with the intent to produce diverse timbral qualities, including bright/dark and light/heavy.

Additionally, the team carried out a psychophysical experiment, with 40 participants -- including pianists and individuals with no musical experience -- who listened to the recorded performances. The results revealed that the pianists' intended timbres were consistently perceived by the listeners, regardless of their musical experience. The listeners who were pianists, in particular, were able to distinguish timbral differences with greater sensitivity. This timbral discernment was found to be possible even when controlling for volume and tempo, factors previously thought to influence timbral perception.




Data analysis using a linear mixed-effects (LME) model revealed that contributions to timbral differences are concentrated in a limited set of movement features (e.g., acceleration during escapement, deviation in hand synchronization). It was further experimentally confirmed that notes played by varying only one of these features were perceived by listeners as having a different timbre, providing the first empirical evidence of a causal relationship between key movement and timbre.

These findings have the following significance for musicians and educators:
    	    Building a technical foundation to support artistic creativity:This research quantifies the "tacit knowledge" of how pianists produce timbre, paving the way for understanding an artist's expressive intent and developing new educational methods and technologies that will maximize it. Furthermore, proving that the manipulation of timbre through touch cultivated by artists is a scientifically grounded skill rather than a mere sensory metaphor makes it possible to efficiently learn and acquire the skills to create timbral expressions -- which had been difficult to verbalize in instruction to date -- by applying it to recommendation systems that present the appropriate movement features to learners.
    
    	    Illuminating the biological mechanisms that produce higher-order perception: The phenomenon in which the same sound can be perceived differently indicates advanced integration of human sensory and motor systems. This research clarifies how dexterous motor control produces higher-order perception and aesthetic experiences, opening new avenues for interdisciplinary research in neuroscience, psychology, and arts studies, and holds additional promise for applications across multiple fields, including skill transfer, rehabilitation, and human interface design.
    

Future Developments

This research has clarified the relationship between key movement features and piano timbre, suggesting the possibility for explicitly acquiring a repertoire of movements that can produce a diverse palette of perceptions. This is essential for recommending evidence-based body use and practice methods in physical education for the performing arts, and for empowering both teachers and learners to pursue learning with confidence. While perception research has until now focused mainly on lower-level perceptual information such as pitch, loudness, and rhythm, the advance of future research into timbre and other higher-level perceptual information is expected to lead to clarification of the underlying brain information processing mechanisms, as well as the development of training methods that skillfully utilize advanced technologies. Moreover, the thrill of using one's body to improve and achieve something that was once impossible is something that is shared across disciplines beyond music performance, including sports, cooking, painting, and even surgery. This research holds promise for generating ripple effects across multiple disciplines.

The involvement of science and technology in music learning has lagged behind significantly, compared to that in fields such as sports and medicine. As a result, many artists all over the world have long been beset with the problem of embodying artistic expression and creativity while being constrained by physical and mental limitations. The knowledge regarding the foundational skills for producing diverse expressions provided by this research will contribute to the creation of a future society where artists are liberated from physical and mental constraints and can fully embody their creativity. This will be achieved through the establishment of a new evidence-based form of music education grounded in dynaformics, the science of music performance.
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How gaslighting tricks the brain into questioning reality | ScienceDaily
Gaslighting could happen to anyone who trusts the wrong person, a McGill University researcher says.


						
Willis Klein, a PhD candidate in the Department of Psychology, was part of a team from McGill and the University of Toronto that developed a new theoretical model with which to understand how manipulators are able to make their targets question their sense of reality over a period of time.

Though gaslighting has been a popular topic of discussion in the public sphere for the last few years, it has not been thoroughly investigated from a scientific point of view, according to the researcher.

Klein is lead author of a paper that suggests gaslighting can be viewed as a learning process, using the concept of prediction error minimization (PEM). PEM describes how the mind maps out the input it receives from the world, and strives, based on this information, to predict the future, adjust its expectations and respond to the environment. Up to now, gaslighting has mostly been examined through a psychodynamic lens, but that analytical framework is no longer widely used in North American scientific psychology, he said.

Klein conducted this work as a member of the McGill Laboratory of Affiliation and Prosociality led by Professor Jennifer Bartz. Suzanne Wood of the University of Toronto also was part of the research team. The three are co-authors of the paper.

Gaslighting as a learning process

"When you trust or you love somebody, you expect them to behave in a particular way. Gaslighters, in our view, are behaving in an atypical way, one that is somewhat surprising, and they're making use of that surprise to direct the learning of the people they target," explained Klein.




In addition to behaving in a way that violates your expectations, a gaslighter will, according to the researcher, suggest that the cause of your surprise has something to do with your general grip of reality, making you feel what he calls "epistemically incompetent."

"This is repeated over and over, until the target has really integrated the idea that they don't actually have a good grasp on reality," said Klein.

The role of trust and close others

The model also relies on the idea that we depend on others -- especially close others -- to form our sense of self and reality. This, combined with the view of gaslighting as a learning process, means that anyone could fall victim to gaslighting, according to Klein.

"In our model there's not necessarily anything specific about the target of gaslighting that makes them particularly vulnerable to it. In essence, it could happen to anyone, so long as they're trusting the wrong person," he explained.

Klein said he thinks future inquiries into this subject could, however, reveal that some personal characteristics can affect a person's susceptibility to being gaslit, like certain attachment styles or a history of trauma. He said he hopes future research can also validate various components of the model and lead to better support for people who have been victims of gaslighting.

About the study

"A Theoretical Framework for Studying the Phenomenon of Gaslighting," by Willis Klein, Suzanne Wood and Jennifer A. Bartz was published in Personality and Social Psychology Review.

The research was supported by the Fonds de Recherche du Quebec -- Societe et Culture (FRQSC), the Natural Sciences and Engineering Council of Canada (CRSNG) and the Social Science and Humanities Research Council of Canada (SSHRC).
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This ultra-thin solar tech could power everything from phones to skyscrapers | ScienceDaily
Global electricity use is increasing rapidly and must be addressed sustainably. Developing new materials could give us much more efficient solar cell materials than at present; materials so thin and flexible that they could encase anything from mobile phones or entire buildings. Using computer simulation and machine learning, researchers at Chalmers University of Technology in Sweden have now taken an important step towards understanding and handling halide perovskites, among the most promising but notoriously enigmatic materials.


						
Electricity use is constantly increasing globally and, according to the International Energy Agency, its proportion of the world's total energy consumption is expected to exceed 50 percent in 25 years, compared to the current 20 percent.

"To meet the demand, there is a significant and growing need for new, environmentally friendly and efficient energy conversion methods, such as more efficient solar cells. Our findings are essential to engineer and control one of the most promising solar cell materials for optimal utilization. It's very exciting that we now have simulation methods that can answer questions that were unresolved just a few years ago," says Julia Wiktor, the study's principal investigator and an associate professor at Chalmers.

Promising materials for efficient solar cells

Materials lying within a group called halide perovskites are considered the most promising for producing cost-effective, flexible and lightweight solar cells and optoelectronic devices such as LED bulbs, as they absorb and emit light extremely efficiently. However, perovskite materials can degrade quickly and knowing how best to utilize them requires a deeper understanding of why this happens and how the materials work.

Scientists have long struggled to understand one particular material within the group, a crystalline compound called formamidinium lead iodide. It has outstanding optoelectronic properties. Greater use of the material has been hampered by its instability but this can be solved by mixing two types of halide perovskites. However, more knowledge is needed about the two types so that researchers can best control the mixture.

The key to material design and control

A research group at Chalmers can now provide a detailed account of an important phase of the material that has previously been difficult to explain by experiments alone. Understanding this phase is key to being able to design and control both this material and mixtures based on it. The study was recently published in Journal of the American Chemical Society.




"The low-temperature phase of this material has long been a missing piece of the research puzzle and we've now settled a fundamental question about the structure of this phase," says Chalmers researcher Sangita Dutta.

Machine learning contributed to the breakthrough

The researchers' expertise lies in building accurate models of different materials in computer simulations. This allows them to test the materials by exposing them to different scenarios and these are confirmed experimentally.

Nevertheless, modelling materials in the halide perovskite family is tricky, as capturing and decoding their properties requires powerful supercomputers and long simulation times.

"By combining our standard methods with machine learning, we're now able to run simulations that are thousands of times longer than before. And our models can now contain millions of atoms instead of hundreds, which brings them closer to the real world," says Dutta.

Lab observations match the simulations

The researchers identified the structure of formamidinium lead iodide at low temperatures. They could also see that the formamidinium molecules get stuck in a semi-stable state while the material cools. To ensure that their study models reflect reality, they collaborated with experimental researchers at the University of Birmingham. They cooled the material to -- 200degC to ensure their experiments matched the simulations.




"We hope the insights we've gained from the simulations can contribute to how to model and analyse complex halide perovskite materials in the future," says Erik Fransson, at the Department of Physics at Chalmers.

More about the research:

The article "Revealing the Low Temperature Phase of FAPbI3 using A Machine-Learned Potential" was published in Journal of the American Chemical Society on 14th August 2025 and was written by Sangita Dutta, Erik Fransson, Tobias Hainer, Benjamin M. Gallant, Dominik J. Kubicki, Paul Erhart and Julia Wiktor. The researchers are all members of the Department of Physics at Chalmers University of Technology, except for Gallant and Kubicki, who are from the School of Chemistry, University of Birmingham.

The research was supported by the Swedish Foundation for Strategic Research, the Swedish Energy Agency, the Swedish Research Council, the European Research Council, the Knut and Alice Wallenberg Foundation and the Nano Area of Advance at Chalmers University of Technology. The calculations were facilitated by resources from the National Academic Infrastructure for Supercomputing in Sweden (NAISS) at C3SE.
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Viral apple cider vinegar weight loss study retracted for flawed science | ScienceDaily
BMJ Group has retracted research suggesting that small daily quantities of apple cider vinegar might help people who are overweight or obese to lose weight.


						
The small clinical trial was published in the open access journal BMJ Nutrition, Prevention & Health in March 2024 and its findings press released. The study findings generated widespread international attention at the time, and continue to be frequently referred to in media coverage.

The retraction was prompted by concerns raised about the quality of the work, including the approach to statistical analysis of the data; implausible statistical values; the reliability of the raw data; inadequate reporting of methods; and lack of prospective trial registration, which breaches BMJ Group's editorial policy.

Initially, concerns were raised in critiques of the study, some of which were published as letters in the journal. But after review by BMJ Group's content integrity team, the study was referred to statistical experts to evaluate its reliability. This included attempts to replicate the results and examine the authenticity of the underlying data supplied by the authors.

It wasn't possible for the statisticians to replicate the results and multiple analytical errors were identified. There were also irregularities in the data set, and their report, which is appended to the retraction notice, concluded that the data collected from each participant would require further independent scrutiny.

The authors said that the identified errors were honest mistakes, but they agree with the decision to retract the study.

Dr Helen Macdonald, Publication Ethics and Content Integrity Editor at BMJ Group, said: "Tempting though it is to alert readers to an ostensibly simple and apparently helpful weight loss aid, at present the results of the study are unreliable, and journalists and others should no longer reference or use the results of this study in any future reporting."

She added: "This retraction reflects our strategic and proactive approach to investigating concerns raised about the content we publish. We act where necessary in the interests of openness and the importance of correcting the scientific record.




"While we deal with allegations as swiftly as possible, it's very important that due process is followed. Investigations are often complex. This one involved detailed scrutiny of data and correspondence with researchers, institutions, and other experts, for example. Reaching a sound and fair and final decision can therefore take several months."

Commenting on the decision to publish the study despite the lack of trial registration, Professor Martin Kohlmeier, editor in chief of BMJ Nutrition Prevention & Health, explained: "In hindsight, this was the wrong decision to make. But the authors come from a scientific environment that is underrepresented in nutritional research and the journal aims to prioritise high quality evidence, which usually comes from clinical trials.

"These are relatively unusual in nutritional research as they can be challenging to undertake because of the numbers of participants and time needed to obtain meaningful results."
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A common supplement could supercharge cancer treatments | ScienceDaily
In a new study, researchers from the University of Chicago discovered that zeaxanthin, a plant-derived carotenoid best known for protecting vision, may also act as an immune-boosting compound by strengthening the cancer-fighting activity of immune cells. The findings, which were published in Cell Reports Medicine, highlight the potential of zeaxanthin as a widely available supplement to improve the effectiveness of cancer immunotherapies.


						
"We were surprised to find that zeaxanthin, already known for its role in eye health, has a completely new function in boosting anti-tumor immunity," said Jing Chen, PhD, Janet Davison Rowley Distinguished Service Professor of Medicine and senior author of the study. "Our study show that a simple dietary nutrient could complement and strengthen advanced cancer treatments like immunotherapy."

How does this nutrient work?

The study builds on years of work by Chen's lab to better understand how nutrients influence the immune system. By screening a large blood nutrient library, the team identified zeaxanthin as a compound that directly enhances the activity of CD8+ T cells, a crucial type of immune cell that kills tumor cells. These cells rely on a molecular structure called the T-cell receptor (TCR) to recognize and destroy abnormal cells.

The researchers found that zeaxanthin stabilizes and strengthens the formation of TCR complex on CD8+ T cells upon interacting with the cancer cells. This, in turn, triggers more robust intracellular signaling that boosts T-cell activation, cytokine production, and tumor-killing capacity.

Zeaxanthin improves immunotherapy effects

In mouse models, dietary supplementation with zeaxanthin slowed tumor growth. Importantly, when combined with immune checkpoint inhibitors - a type of immunotherapy that has transformed cancer treatment in recent years - zeaxanthin significantly enhanced anti-tumor effects compared to immunotherapy alone.




To extend the findings, the researchers tested human T cells engineered to recognize specific tumor antigens and found that zeaxanthin treatment improved these cells' ability to kill melanoma, multiple myeloma, and glioblastoma cells in laboratory experiments.

"Our data show that zeaxanthin improves both natural and engineered T-cell responses, which suggests high translational potential for patients undergoing immunotherapies," Chen said.

A safe and accessible candidate

Zeaxanthin is sold as an over-the-counter supplement for eye health, and is naturally found in vegetables like orange peppers, spinach, and kale. It's inexpensive, widely available, well-tolerated and, most importantly, its safety profile is known - which means it can be safely tested as an adjunct to cancer therapies.

The study also reinforces the importance of a balanced diet. In their previous research, Chen's group discovered that trans-vaccenic acid (TVA), a fatty acid derived from dairy and meat, also boosts T-cell activity - but through a different mechanism. Together, the findings suggest that nutrients from both plant and animal sources may provide complementary benefits to immune health.

Clinical applications of zeaxanthin

Although the results are promising, the researchers emphasize that the work is still at an early stage. Most of the findings come from laboratory experiments and animal studies. Thus, clinical trials will be needed to determine whether zeaxanthin supplements can improve outcomes for cancer patients.




"Our findings open a new field of nutritional immunology that looks at how specific dietary components interact with the immune system at the molecular level," Chen said. "With more research, we may discover natural compounds that make today's cancer therapies more effective and accessible."

The study, "Zeaxanthin augments CD8+ effector T cell function and immunotherapy efficacy," was supported by grants from the National Institutes of Health, the Ludwig Center at the University of Chicago, and the Harborview Foundation Gift Fund.

Additional authors include Freya Zhang, Jiacheng Li, Rukang Zhang, Jiayi Tu, Zhicheng Xie, Takemasa Tsuji, Hardik Shah, Matthew Ross, Ruitu Lyu, Junko Matsuzaki, Anna Tabor, Kelly Xue, Chunzhao Yin, Hamed R. Youshanlouei, Syed Shah, Michael W. Drazer, Yu-Ying He, Marc Bissonnette, Jun Huang, Chuan He, Kunle Odunsi, and Hao Fan from the University of Chicago; Fatima Choudhry from DePaul University, Chicago; Yuancheng Li and Hui Mao from Emory University School of Medicine, Atlanta; Lei Dong from University of Texas Southwestern Medical Center, Dallas; and Rui Su from Beckman Research Institute, City of Hope, Duarte, CA.
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Before they sucked blood, leeches were ocean hunters | ScienceDaily
A newly described fossil reveals that leeches are at least 200 million years older than scientists previously thought, and that their earliest ancestors may have feasted not on blood, but on smaller marine creatures.


						
"This is the only body fossil we've ever found of this entire group," said Karma Nanglu, a paleontologist with the University of California, Riverside. He collaborated with researchers from the University of Toronto, University of Sao Paulo, and Ohio State University on a paper describing the fossil, which is now published in PeerJ.

Roughly 430 million years old, the fossil includes a large tail sucker -- a feature still found in modern leeches -- along with a segmented, teardrop-shaped body. But one important feature isn't found in this fossil: the forward sucker that many of today's leeches use to pierce skin and draw blood.

This absence, along with the fossil's marine origin, suggests a very different early lifestyle for the group known as Hirudinida. Rather than sucking blood from mammals, reptiles, and other vertebrates, the earliest leeches may have roamed the oceans, consuming soft-bodied invertebrates whole or feeding on their internal fluids.

"Blood feeding takes a lot of specialized machinery," Nanglu said. "Anticoagulants, mouthparts, and digestive enzymes are complex adaptations. It makes more sense that early leeches were swallowing prey whole or maybe drinking the internal fluids of small, soft-bodied marine animals."

Previously, scientists believed leeches emerged about 150-200 million years ago. That timeline has now been pushed back by at least 200 million years, thanks to the fossil found in the Waukesha biota, a geological formation in Wisconsin known for preserving the bodies of soft tissue animals that usually decay before fossilization.

Preserving a leech fossil is no small feat. Leeches lack bones, shells, or exoskeletons that are most easily preserved over millions of years. Fossils like this require exceptional circumstances to preserve, often involving near-immediate burial, a low-oxygen environment, and unusual geochemical conditions.




"A rare animal and just the right environment to fossilize it -- it's like hitting the lottery twice," Nanglu said.

The fossil came to light during a broader study of the Waukesha site by researchers at Ohio State University, who are co-authors on this paper. Though initially unrecognized for what it was, the specimen caught Nanglu's eye during the early pandemic years.

He consulted with leech specialists, including lead author Danielle de Carle of the University of Toronto, and the group worked together to confirm its identity. They were ultimately convinced they'd found a leech because of the tail sucker and the clear body segmentation, which is a combination only found in leeches.

Today's leeches are found in freshwater, saltwater, and even on land. Their feeding behaviors are equally diverse, from scavenging to predation to parasitic blood feeding. But understanding their origin has been difficult because soft-bodied animals rarely leave fossils.

Nanglu, who studies creatures rarely found in the fossil record, said the find is part of a larger effort to trace the early history of complex life, and to challenge assumptions about the past.

"We don't know nearly as much as we think we do," he said. "This paper is a reminder that the tree of life has deep roots, and we're just beginning to map them."

"It's a beautiful specimen," Nanglu added. "And it's telling us something we didn't expect."
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1,000 Swiss glaciers already gone, and the melting is speeding up | ScienceDaily
Even the United Nations International Year of Glaciers' Preservation has seen further massive melting of glaciers in Switzerland. A winter with little snow was followed by heat waves in June 2025 that saw glaciers nearing the record levels of losses of 2022. Snow reserves from the winter were already depleted in the first half of July, and the ice masses began to melt earlier than had rarely ever been recorded. The cool weather in July provided some relief and prevented an even worse outcome. Nevertheless, almost a further three per cent of the ice volume was lost across Switzerland this year, and this is the fourth greatest shrinkage after the years 2022, 2023 and 2003. 2025 therefore importantly contributed to the decade with the most rapid ice loss. Glaciers all over Switzerland have lost a quarter of their volume since 2015. Over 1,000 small glaciers have already disappeared.


						
In particular, glaciers from the winter disappeared there up to the summit level. As a consequence, the ice thickness on, for example, the Claridenfirn (Canton of Glarus), the Plaine Morte Glacier (Canton of Bern) and the Silvretta Glacier (Canton of the Grisons) reduced by over two meters. For glaciers in the southern Canton of Valais, such as the Allalin Glacier or Findel Glacier, the loss was less at around one meter.

Too little snow in winter

In the winter of 2024/2025, the combination of less precipitation and the third warmest six months of winter (October to March) since measurements began led to very low snow depths. For example, less fresh snow fell in parts of the northern and central Grisons than ever before. For this reason, around 13 per cent less snow was evident on the glaciers at the end of April when compared to the period from 2010 to 2020. The second warmest June since records began led to rapid melting of snow right up to the highest altitudes. Following a somewhat cool and damp July, August brought a heatwave with a high zero-degree line recorded in part at over 5,000 metres. In combination, this weather led to above-average temperatures in the summer. Between July and September, a few cold fronts resulted to individual days with fresh snow over 2,500 m above sea level, but this only remained for longer periods in high mountains.

"The continuous diminishing of glaciers also contributes to the destabilizing of mountains," says Matthias Huss, Director of GLAMOS. "This can lead to events such as in the Lotschental valley where an avalanche of rock and ice buried the village of Blatten."

The Swiss Commission for Cryosphere observation (SCC) of the Swiss Academy of Sciences (SCNAT) documents changes in the Alpine cryosphere. It coordinates the long-term Swiss monitoring networks created for snow, glaciers (GLAMOS) and permafrost (PERMOS). The Swiss Commission for Cryosphere observation (SCC) therefore represents those institutions that look after national monitoring networks, such as the Swiss Federal Institute for Forest, Snow and Landscape Research WSL, the Institute for Snow and Avalanche Research SLF, the Swiss Federal Office for Meteorology and Climatology (MeteoSchweiz), the Swiss Federal Institute of Technology in Zurich (ETH Zurich), the Universities of Zurich, Fribourg and Lausanne and the University of Applied Sciences and Arts of Southern Switzerland (SUPSI), or who contribute financially to long-term safeguarding, such as the Swiss Federal Office for the Environment (FOEN), the Swiss Federal Office for Meteorology and Climatology (MeteoSwiss), in the context of the Swiss Global Climate Observing System (GCOS), the Swiss Academy of Sciences (SCNAT) and the Swiss Federal Office of Topography (swisstopo).

Further information

SCNAT - network of knowledge for the benefit of society The Swiss Academy of Sciences (SCNAT) and its network of 35,000 experts works at regional, national and international level for the future of science and society. It strengthens the awareness for the sciences as a central pillar of cultural and economic development. The breadth of its support makes it a representative partner for politics. The SCNAT links the sciences, provides expertise, promotes the dialogue between science and society, identifies and evaluates scientific developments and lays the foundation for the next generation of natural scientists. It is part of the association of the Swiss Academies of Arts and Sciences.

ETH Zurich -- The program Glacier Monitoring in Switzerland (GLAMOS) aims to conduct a long-term study of glacier changes in the Swiss Alps. The service is maintained by ETH Zurich -- the Swiss Federal Institute of Technology in Zurich, Switzerland, and involves the Department of Geosciences of the University of Fribourg, as well as the Department of Geography of the University of Zurich. The monitoring is coordinated by the Cryospheric Commission of the Swiss Academy of Sciences (CC/SCNAT) and receives financial support from the Federal Office for the Environment FOEN, MeteoSwiss within the framework of GCOS Switzerland, and the Swiss Academy of Sciences (SCNAT). Additional support is provided by the Federal Office of Topography swisstopo.
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Saturn's icy moon Enceladus just revealed stunning new clues to life | ScienceDaily
Scientists digging through data collected by the Cassini spacecraft have found new complex organic molecules spewing from Saturn's moon Enceladus. This is a clear sign that complex chemical reactions are taking place within its underground ocean. Some of these reactions could be part of chains that lead to even more complex, potentially biologically relevant molecules.


						
Published on October 1 in Nature Astronomy, this discovery further strengthens the case for a dedicated European Space Agency (ESA) mission to orbit and land on Enceladus.

In 2005, Cassini found the first evidence that Enceladus has a hidden ocean beneath its icy surface. Jets of water burst from cracks close to the moon's south pole, shooting ice grains into space. Smaller than grains of sand, some of the tiny pieces of ice fall back onto the moon's surface, whilst others escape and form a ring around Saturn that traces Enceladus's orbit.

Lead author Nozair Khawaja explains what we already knew: "Cassini was detecting samples from Enceladus all the time as it flew through Saturn's E ring. We had already found many organic molecules in these ice grains, including precursors for amino acids.

The ice grains in the ring can be hundreds of years old. As they have aged, they may have been 'weathered' and therefore altered by intense space radiation. Scientists wanted to investigate fresh grains ejected much more recently to get a better idea of what exactly is going on in Enceladus's ocean.

Fortunately, we already had the data. Back in 2008, Cassini flew straight through the icy spray. Pristine grains ejected only minutes before hit the spacecraft's Cosmic Dust Analyzer (CDA) instrument at about 18 km/s. These were not only the freshest ice grains Cassini had ever detected, but also the fastest.

The speed mattered. Nozair explains why:

"The ice grains contain not just frozen water, but also other molecules, including organics. At lower impact speeds, the ice shatters, and the signal from clusters of water molecules can hide the signal from certain organic molecules. But when the ice grains hit CDA fast, water molecules don't cluster, and we have a chance to see these previously hidden signals."




It took years to build up knowledge from previous flybys and then apply it to decipher this data. But now, Nozair's team has revealed what kind of molecules were present inside the fresh ice grains.

They saw that certain organic molecules that had already been found distributed in the E ring were also present in the fresh ice grains. This confirms that they are created within Enceladus's ocean.

They also found totally new molecules that had never been seen before in ice grains from Enceladus. For the chemists reading, the newly detected molecular fragments included aliphatic, (hetero)cyclic ester/alkenes, ethers/ethyl and, tentatively, nitrogen- and oxygen-bearing compounds.

On Earth, these same molecules are involved in the chains of chemical reactions that ultimately lead to the more complex molecules that are essential for life.

"There are many possible pathways from the organic molecules we found in the Cassini data to potentially biologically relevant compounds, which enhances the likelihood that the moon is habitable," says Nozair.

"There is much more in the data that we are currently exploring, so we are looking forward to finding out more in the near future."

Co-author Frank Postberg adds: "These molecules we found in the freshly ejected material prove that the complex organic molecules Cassini detected in Saturn's E ring are not just a product of long exposure to space, but are readily available in Enceladus's ocean."




Nicolas Altobelli, ESA Cassini project scientist adds: "It's fantastic to see new discoveries emerging from Cassini data almost two decades after it was collected. It really showcases the long-term impact of our space missions. I look forward to comparing data from Cassini with data from ESA's other missions to visit the icy moons of Saturn and Jupiter."

Returning to Enceladus

Discoveries from Cassini are valuable for planning a future ESA mission dedicated to Enceladus. Studies for this ambitious mission have already begun. The plan is to fly through the jets and even land on the moon's south polar terrain to collect samples.

A team of scientists and engineers is already considering the selection of modern scientific instruments that the spacecraft would carry. This latest result made using CDA will help guide that decision.

Enceladus ticks all the boxes to be a habitable environment that could support life: the presence of liquid water, a source of energy, a specific set of chemical elements and complex organic molecules. A mission that takes measurements directly from the moon's surface, seeking out signs of life, would offer Europe a front seat in Solar System science.

"Even not finding life on Enceladus would be a huge discovery, because it raises serious questions about why life is not present in such an environment when the right conditions are there," says Nozair.
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The billion-year reign of fungi that predated plants and made Earth livable | ScienceDaily

The five paths to a complex world

Professor Gergely J. Szollosi, author on this study and head of the Model-Based Evolutionary Genomics Unit at OIST explains the foundations of this research. "Complex multicellular life -- organisms made of many cooperating cells with specialized jobs -- evolved independently in five major groups: animals, land plants, fungi, red algae, and brown algae. On a planet once dominated by single-celled organisms, a revolutionary change occurred not once, but at least five separate times: the evolution of complex multicellular life. Understanding when these groups emerged is fundamental to piecing together the history of life on Earth."

Emergence here was not simply a matter of cells clumping together; it was the dawn of organisms, where cells took on specialized jobs and were organized into distinct tissues and organs, much like in our own bodies. This evolutionary leap required sophisticated new tools, including highly developed mechanisms for cells to adhere to one another and intricate systems for them to communicate across the organism, and arose independently in each of the five major groups.

The difficulties of dating evolutionary divergence

For most of these groups, the fossil record acts as a geological calendar, providing anchor points in deep time. For example, red algae show up possibly as early as about 1.6 billion years ago (in candidate seaweed-like fossils from India); animals appear by around 600 million years ago (Ediacaran fossils such as the quilted pancake like Dickinsonia); land plants take root roughly 470 million years ago (tiny fossil spores); and brown algae (kelp-like forms) diversified tens to hundreds of millions of years later still. Based on this evidence, a chronological picture of life's complexity emerges.

There is, however, a notable exception to this fossil-based timeline: fungi. The fungal kingdom has long been an enigma for paleontologists. Their typically soft, filamentous bodies mean they rarely fossilize well. Furthermore, unlike animals or plants, which appear to have a single origin of complex multicellularity, fungi evolved this trait multiple times from diverse unicellular ancestors, making it difficult to pinpoint a single origin event in the sparse fossil record.




Reading the genetic clock

To overcome the gaps in the fungal fossil record, scientists use a "molecular clock." The concept is that genetic mutations accumulate in an organism's DNA at a relatively steady rate over generations, like the ticking of a clock. By comparing the number of genetic differences between two species, researchers can estimate how long ago they diverged from a common ancestor.

However, a molecular clock is uncalibrated; it can reveal relative time but not absolute years. To set the clock, scientists need to calibrate it with "anchor points" from the fossil record. Given the scarcity of fungal fossils, this has always been a major challenge. The OIST-led team addressed this by incorporating a novel source of information: rare gene "swaps" between different fungal lineages, a process known as horizontal gene transfer (HGT).

Prof. Szollosi explains this concept. "While genes are normally passed down "vertically" from parent to child, HGT is like a gene jumping "sideways" from one species to another. These events provide powerful temporal clues," he says. "If a gene from lineage A is found to have jumped into lineage B, it establishes a clear rule: the ancestors of lineage A must be older than the descendants of lineage B."

By identifying 17 such transfers, the team established a series of "older than/younger than" relationships that, alongside fossil records, helped to tighten and constrain the fungal timeline.

A new history for an ancient kingdom

The analysis suggests a common ancestor of living fungi dating to roughly 1.4-0.9 billion years ago -- well before land plants. That timing supports a long prelude of fungi-algae interactions that helped set the stage for life on land.




Co-first author on this study, Dr. Lenard L. Szantho, emphasizes the importance of these findings. "Fungi run ecosystems -- recycling nutrients, partnering with other organisms, and sometimes causing disease. Pinning down their timeline shows fungi were diversifying long before plants, consistent with early partnerships with algae that likely helped pave the way for terrestrial ecosystems."

This revised timeline fundamentally reframes the story of life's colonization of land. It suggests that for hundreds of millions of years before the first true plants took root, fungi were already present, likely interacting with algae in microbial communities. This long, preparatory phase may have been essential for making Earth's continents habitable. By breaking down rock and cycling nutrients, these ancient fungi could have been the first true ecosystem engineers, creating the first primitive soils and fundamentally altering the terrestrial environment. In this new view, plants did not colonize a barren wasteland, but rather a world that had been prepared for them over eons by the ancient and persistent activity of the fungal kingdom.

About the authors

This work grew from the OIST Model-Based Evolutionary Genomics Unit, co-led by Prof. Gergely J. Szollosi and Dr. Eduard Ocana-Pallares, with Dr. Lenard L. Szantho and Zsolt Merenyi as first authors. They teamed up with colleagues across Europe, including Professor Laszlo G. Nagy's group, which includes Zsolt Merenyi, at the HUN-REN Biological Research Centre in Szeged, Hungary -- a team known for fungal evolutionary genomics and the evolution of multicellularity. Further collaborators on this study include Prof. Philip Donoghue, who heads the University of Bristol's Paleobiology Group, UK, and Prof. Toni Gabaldon, of the Institute for Research in Biomedicine (IRB) and the Barcelona Supercomputing Centre (BSC), Spain, an expert in comparative genomics.
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DOLPHIN AI uncovers hundreds of invisible cancer markers | ScienceDaily
McGill University researchers have developed an artificial intelligence tool that can detect previously invisible disease markers inside single cells.


						
In a study published in Nature Communications, the researchers demonstrate how the tool, called DOLPHIN, could one day be used by doctors to catch diseases earlier and guide treatment options.

"This tool has the potential to help doctors match patients with the therapies most likely to work for them, reducing trial-and-error in treatment," said senior author Jun Ding, assistant professor in McGill's Department of Medicine and a junior scientist at the Research Institute of the McGill University Health Centre.

Zooming in on genetic building blocks

Disease markers are often subtle changes in RNA expression that can indicate when a disease is present, how severe it may become or how it might respond to treatment.

Conventional gene-level methods of analysis collapse these markers into a single count per gene, masking critical variation and capturing only the tip of the iceberg, said the researchers.

Now, advances in artificial intelligence have made it possible to capture the fine-grained complexity of single-cell data. DOLPHIN moves beyond gene-level, zooming in to see how genes are spliced together from smaller pieces called exons to provide a clearer view of cell states.




"Genes are not just one block, they're like Lego sets made of many smaller pieces," said first author Kailu Song, a PhD student in McGill's Quantitative Life Sciences program. "By looking at how those pieces are connected, our tool reveals important disease markers that have long been overlooked."

In one test case, DOLPHIN analyzed single-cell data from pancreatic cancer patients and found more than 800 disease markers missed by conventional tools. It was able to distinguish patients with high-risk, aggressive cancers from those with less severe cases, information that would help doctors choose the right treatment path.

A step toward 'virtual cells'

More broadly, the breakthrough lays the foundation for achieving the long-term goal of building digital models of human cells. DOLPHIN generates richer single-cell profiles than conventional methods, enabling virtual simulations of how cells behave and respond to drugs before moving to lab or clinical trials, saving time and money.

The researchers' next step will be to expand the tool's reach from a few datasets to millions of cells, paving the way for more accurate virtual cell models in the future.

About the study

"DOLPHIN advances single-cell transcriptomics beyond gene level by leveraging exon and junction reads" by Kailu Song and Jun Ding et al., was published inNature Communications.

This research was supported the Meakins-Christie Chair in Respiratory Research, the Canadian Institutes of Health Research, the Natural Sciences and Engineering Research Council of Canada and the Fonds de recherche du Quebec.
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Princeton's AI reveals what fusion sensors can't see | ScienceDaily
Imagine watching a favorite movie when suddenly the sound stops. The data representing the audio is missing. All that's left are images. What if artificial intelligence (AI) could analyze each frame of the video and provide the audio automatically based on the pictures, reading lips and noting each time a foot hits the ground?


						
That's the general concept behind a new AI that fills in missing data about plasma, the fuel of fusion, according to Azarakhsh Jalalvand of Princeton University. Jalalvand is the lead author on a paper about the AI, known as Diag2Diag, that was recently published in Nature Communications. "We have found a way to take the data from a bunch of sensors in a system and generate a synthetic version of the data for a different kind of sensor in that system," he said. The synthetic data aligns with real-world data and is more detailed than what an actual sensor could provide. This could increase the robustness of control while reducing the complexity and cost of future fusion systems. "Diag2Diag could also have applications in other systems such as spacecraft and robotic surgery by enhancing detail and recovering data from failing or degraded sensors, ensuring reliability in critical environments."

The research is the result of an international collaboration between scientists at Princeton University, the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL), Chung-Ang University, Columbia University and Seoul National University. All of the sensor data used in the research to develop the AI was gathered from experiments at the DIII-D National Fusion Facility, a DOE user facility.

The new AI enhances the way scientists can monitor and control the plasma inside a fusion system and could help keep future commercial fusion systems a reliable source of electricity. "Fusion devices today are all experimental laboratory machines, so if something happens to a sensor, the worst thing that can happen is that we lose time before we can restart the experiment. But if we are thinking about fusion as a source of energy, it needs to work 24/7, without interruption," Jalalvand said.

AI could lead to compact, economical fusion systems

The name Diag2Diag originates from the word "diagnostic," which refers to the technique used to analyze a plasma and includes sensors that measure the plasma. Diagnostics take measurements at regular intervals, often as fast as a fraction of a second apart. But some don't measure the plasma often enough to detect particularly fast-evolving plasma instabilities: sudden changes in the plasma that can make it hard to produce power reliably.

There are many diagnostics in a fusion system that measure different characteristics of the plasma. Thomson scattering, for example, is a diagnostic technique used in doughnut-shaped fusion systems called tokamaks. The Thomson scattering diagnostic measures the temperature of negatively charged particles known as electrons, as well as the density: the number of electrons packed into a unit of space. It takes measurements quickly but not fast enough to provide details that plasma physicists need to keep the plasma stable and at peak performance.




"Diag2Diag is kind of giving your diagnostics a boost without spending hardware money," said Egemen Kolemen, principal investigator of the research who is jointly appointed at PPPL and Princeton University's Andlinger Center for Energy and the Environment and the Department of Mechanical and Aerospace Engineering.

This is particularly important for Thomson scattering because the other diagnostics can't take measurements at the edge of the plasma, which is also known as the pedestal. It is the most important part of the plasma to monitor, but it's very hard to measure. Carefully monitoring the pedestal helps scientists enhance plasma performance so they can learn the best ways to get the most energy out of the fusion reaction efficiently.

For fusion energy to be a major part of the U.S. power system, it must be both economical and reliable. PPPL Staff Research Scientist SangKyeun Kim, who was part of the Diag2Diag research team, said the AI moves the U.S. toward those goals. "Today's experimental tokamaks have a lot of diagnostics, but future commercial systems will likely need to have far fewer," Kim said. "This will help make fusion reactors more compact by minimizing components not directly involved in producing energy." Fewer diagnostics also frees up valuable space inside the machine, and simplifying the system also makes it more robust and reliable, with fewer chances for error. Plus, it lowers maintenance costs.

PPPL: A leader in AI approaches to stabilizing fusion plasma

The research team also found that the AI data supports a leading theory about how one method for stopping plasma disruptions works. Fusion scientists around the world are working on ways to control edge-localized modes (ELMs), which are powerful energy bursts in fusion reactors that can severely damage the reactor's inner walls. One promising method to stop ELMs involves applying resonant magnetic perturbations (RMPs): small changes made to the magnetic fields used to hold a plasma inside a tokamak. PPPL is a leader in ELM-suppression research, with recent papers on AI and traditional approaches to stopping these problematic disruptions. One theory suggests that RMPs create "magnetic islands" at the plasma's edge. These islands cause the plasma's temperature and density to flatten, meaning the measurements were more uniform across the edge of the plasma.

"Due to the limitation of the Thomson diagnostic, we cannot normally observe this flattening," said PPPL Principal Research Scientist Qiming Hu, who also worked on the project. "Diag2Diag provided much more details on how this happens and how it evolves."

While magnetic islands can lead to ELMs, a growing body of research suggests they can also be fine-tuned using RMPs to improve plasma stability. Diag2Diag generated data that provided new evidence of this simultaneous flattening of both temperature and density in the pedestal region of the plasma. This strongly supports the magnetic island theory for ELM suppression. Understanding this mechanism is crucial for the development of commercial fusion reactors.

The scientists are already pursuing plans to expand the scope of Diag2Diag. Kolemen noted that several researchers have already expressed interest in trying the AI. "Diag2Diag could be applied to other fusion diagnostics and is broadly applicable to other fields where diagnostic data is missing or limited," he said.

This research was supported by DOE under awards DE-FC02-04ER54698, DE-SC0022270, DE-SC0022272, DE-SC0024527, DE-SC0020413, DE-SC0015480 and DE-SC0024626, as well as the National Research Foundation of Korea award RS-2024-00346024 funded by the Korean government (MSIT). The authors also received financial support from the Princeton Laboratory for Artificial Intelligence under award 2025-97.
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Scientists just solved Uranus' coldest mystery | ScienceDaily
For millennia, astronomers thought Uranus was no more than a distant star. It wasn't until the late 18th century that Uranus was universally accepted as a planet. To this day, the ringed, blue world subverts scientists' expectations, but new NASA research helps puzzle out some of the world's mystique.


						em>    
	However, with advanced computer modeling and a new look at old data, scientists think the planet may actually be warmer than previously expected.
For millennia, astronomers thought Uranus was no more than a distant star. It wasn't until the late 18th century that Uranus was universally accepted as a planet. To this day, the ringed, blue world subverts scientists' expectations, but new NASA research helps puzzle out some of the world's mystique.

Uranus is unlike any other planet in our solar system. It spins on its side, which means each pole directly faces the Sun for a continuous 42-year "summer." Uranus also rotates in the opposite direction of all planets except Venus. Data from NASA's Voyager 2 Uranus flyby in 1986 also suggested the planet is unusually cold inside, challenging scientists to reconsider fundamental theories of how planets formed and evolved throughout our solar system.

"Since Voyager 2's flyby, everybody has said Uranus has no internal heat," said Amy Simon, a planetary scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "But it's been really hard to explain why that is, especially when compared with the other giant planets."

These Uranus projections came from only one up-close measurement of the planet's emitted heat made by Voyager 2: "Everything hinges on that one data point," said Simon. "That is part of the problem."

Now, using an advanced computer modeling technique and revisiting decades of data, Simon and a team of scientists have found that Uranus does in fact generate some heat, as they reported in the Monthly Notices of the Royal Astronomical Society journal.

A planet's internal heat can be calculated by comparing the amount of energy it receives from the Sun to the amount it of energy it releases into space in the form of reflected light and emitted heat. The solar system's other giant planets -- Saturn, Jupiter, and Neptune -- emit more heat than they receive, which means the extra heat is coming from inside, much of it left over from the high-energy processes that formed the planets 4.5 billion years ago. The amount of heat a planet exudes could be an indication of its age: the less heat released relative to the heat absorbed from the Sun, the older the planet is.




Uranus stood out from the other planets because it appeared to give off as much heat as it received, implying it had none of its own. This puzzled scientists. Some hypothesized that perhaps the planet is much older than all the others and has cooled off completely. Others proposed that a giant collision -- the same one that may have knocked the planet on its side -- blasted out all of Uranus' heat. But none of these hypotheses satisfied scientists, motivating them to solve Uranus' cold case.

"We thought, 'Could it really be that there is no internal heat at Uranus?'" said Patrick Irwin, the paper's lead author and professor of planetary physics at the University of Oxford in England. "We did many calculations to see how much sunshine is reflected by Uranus and we realized that it is actually more reflective than people had estimated."

The researchers set out to determine Uranus' full energy budget: how much energy it receives from the Sun compared to how much it reflects as sunlight and how much it emits as heat. To do this, they needed to estimate the total amount of light reflected from the planet at all angles. "You need to see the light that's scattered off to the sides, not just coming straight back at you," Simon said.

To get the most accurate estimate of Uranus' energy budget yet, Oxford researchers developed a computer model that brought together everything known about Uranus' atmosphere from decades of observations from ground- and space-based telescopes, including NASA's Hubble Space Telescope and NASA's Infrared Telescope Facility in Hawaii. The model included information about the planet's hazes, clouds, and seasonal changes, all of which affect how sunlight is reflected and how heat escapes.

The researchers found that Uranus releases about 15% more energy than it receives from the Sun, a figure that is similar to another recent estimate from a separate study funded in part by NASA that was published July 14 in Geophysical Research Letters. These studies suggest Uranus it has its own heat, though still far less than its neighbor Neptune, which emits more than twice the energy it receives.

"Now we have to understand what that remnant amount of heat at Uranus means, as well as get better measurements of it," Simon said.

Unraveling Uranus' past is useful not only for mapping the timeline of when solar system planets formed and migrated to their current orbits, but it also helps scientists better understand many of the planets discovered outside the solar system, called exoplanets, a majority of which are the same size as Uranus.
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Blocking one protein supercharges the immune system against cancer | ScienceDaily
Researchers have discovered a way to make the immune system's T cells significantly more effective at fighting cancer. By blocking a protein called Ant2, they were able to reprogram how these cells consume and generate energy -- essentially rewiring their internal power supply. This shift makes T cells more active, resilient, and better at attacking tumors. The findings open the door to new treatments that could strengthen the body's own immune response, offering a smarter, more targeted approach to cancer therapy.


						
A new study may pave the way for a new generation of cancer therapies -- by training the body's own immune system to work smarter and hit harder. Led by PhD student Omri Yosef and Prof. Michael Berger from the Faculty of Medicine at Hebrew University, in collaboration with Prof. Magdalena Huber of Philipps University of Marburg and Prof. Eyal Gottlieb of the University of Texas MD Anderson Cancer Center, the international team discovered that fine-tuning immune cells metabolism dramatically improves their ability to destroy cancer.

At the heart of the research is a powerful insight: when T cells -- key players in the immune system -- are forced to rewire how they convert energy, they become significantly more effective at identifying and attacking tumors.

"By disabling Ant2, we triggered a complete shift in how T cells produce and use energy," explains Prof. Berger. "This reprogramming made them significantly better at recognizing and killing cancer cells." In simpler terms, blocking this protein forces the immune cells to adapt their metabolism, turning them into stronger, faster, and more aggressive cancer fighters.

Published in Nature Communications, the study focuses on the mitochondria -- the "metabolic hub" of cells. By deliberately disrupting a specific energy pathway inside T cells, the team essentially rewired the cells' engines, creating a state of heightened readiness and potency. The altered T cells exhibited greater stamina, faster replication, and sharper targeting of cancerous threats.

Perhaps most importantly, the researchers showed that this metabolic rewiring can be triggered not only through genetic modifications but also with drugs -- opening the door for potential clinical applications.

This discovery is part of a growing movement in cancer immunotherapy that focuses not only on guiding the immune system but upgrading its inner machinery. While more studies and clinical trials are needed, the implications of this breakthrough are promising: new treatments that harness the body's own defenses, fine-tuned for peak performance.

"This work highlights how deeply interconnected metabolism and immunity truly are," says Prof. Berger. "By learning how to control the power source of our immune cells, we may be able to unlock therapies that are both more natural and more effective."
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Yoga isn't as heart-healthy as you think, new study reveals | ScienceDaily
Contrary to widespread belief, yoga may be less effective than conventional forms of exercise in enhancing vascular health, according to a new study published in Advances in Integrative Medicine.


						
The study systematically reviews existing literature, including randomized controlled trials, crossover trials, and non-randomized studies, comparing yoga and other exercise interventions in sedentary adults.

The researchers point out that their aim has been to assess the impact of these interventions on vascular function, as measured by ultrasound.

Vascular function refers to the ability of blood vessels to efficiently transport blood to tissues. The elasticity and responsiveness of these vessels are critical indicators of cardiovascular health.

Sedentary behavior and prolonged sitting are known to impair vascular function, increasing the risk of hypertension, cholesterol buildup, and thrombosis.

Co-author Dr. Leena David, a specialist in medical diagnostic imaging and lecturer at the University of Sharjah, says:

"Think of blood vessels like flexible garden hoses. If they stiffen, the risk of heart attacks and strokes increases. Our study shows that structured exercise keeps those hoses flexible, while yoga provides some benefits but not as reliably. Middle-aged and older adults often notice improvements from yoga, but younger adults might not."

The findings are particularly relevant for the estimated 300 million people worldwide who practice yoga and the more than 620 million individuals affected by cardiovascular disease as of 2023.




The researchers conclude that traditional exercise modalities, such as Tai Chi, Pilates, and high-intensity interval training, consistently outperform yoga in improving vascular function among sedentary individuals.

Dr. David emphasizes that while movement is essential, the type, intensity, and consistency of physical activity are key determinants of vascular health.

"Even simple routines can make arteries more resilient. Blood vessels have a memory -- and every workout helps them forget the damage of sitting all day," she adds.

She also describes prolonged sitting as "the new smoking -- silent, sneaky, and stealing years from your arteries," adding that "movement is the perfect antidote."

While yoga remains accessible and culturally significant, the study suggests that individuals seeking consistent cardiovascular benefits may need to supplement yoga with more vigorous forms of exercise.

The authors advocate for a nuanced approach to physical activity, especially in public health messaging.




"Yoga has deep cultural roots and shows promise as an inclusive, accessible health intervention," Dr. David notes.

"At the same time, the fitness and digital health industries can leverage these insights to develop structured exercise programs and technology-driven solutions for sedentary populations."

The researchers hope their findings will encourage healthcare providers to recommend exercise not only for weight management but also as a proven strategy for improving vascular health.

Although yoga may not consistently enhance vascular function, it remains a valuable option, particularly for older adults and those unable or unwilling to engage in high-intensity workouts.

"On a larger scale, public health campaigns could emphasize that movement is medicine," Dr. David explains. "This may encourage a mix of exercise and yoga to make heart health more accessible and culturally appropriate.

Forget the fitness goals -- this is about protecting your body's internal GPS system that keeps you alive."
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Webb spots first hints of atmosphere on a potentially habitable world | ScienceDaily
University of Bristol astrophysicists are helping shed new light on an Earth-sized exoplanet 40 light years away where liquid water in the form of a global ocean or icy expanse might exist on its surface.


						
That would only be possible if an atmosphere is present - a big mystery the scientists are attempting to unravel and now even closer to solving using the largest telescope in Space.

Deploying NASA's JWST, the researchers have reached these discoveries as part of a major international project which is probing the atmosphere and surface of TRAPPIST-1e, also more simply known as planet e in the system, orbiting within the habitable zone of red dwarf star TRAPPIST-1.

Exoplanets are highly varied planets which orbit stars outside the solar system. Planet e is of particular interest because the presence of liquid water - not too hot or cold - is theoretically viable, but only if the planet has an atmosphere.

Researchers aimed JWST's powerful NIRSpec (Near-Infrared Spectrograph) instrument at the system as planet e passed in front of its star. Starlight passing through the planet's atmosphere, if there is one, will be partially absorbed and the corresponding dips in the light spectrum that reaches JWST tell astronomers what chemicals are found there. With each additional transit, the atmospheric contents become clearer.

Initial results, published in two scientific papers in the journal Astrophysical Journal Letters, indicate several potential scenarios, including the possibility of an atmosphere.

Dr Hannah Wakeford, Associate Professor in Astrophysics at the University of Bristol, is a leading member of the JWST Transiting Exoplanet team who helped design the observational set-up for the telescope to ensure scientists obtain vital data.




Dr Wakeford said: "What we have found with JWST in these first four observations helps refine the earlier Hubble measurements and reveals there might now be hints of an atmosphere, but we cannot yet rule out the possibility there is nothing to detect."

"JWST's infrared instruments are providing unprecedented detail, helping us understand much more about what determines a planet's atmosphere and surface environment, and what they're composed of. It's incredibly exciting to be peeling back the curtain of these fascinating other worlds, measuring the details of starlight around Earth-sized planets to ascertain what it might be like, and if life could be possible. Through a careful process of elimination and comparison we're uncovering great new insights."

Although various possibilities remain open for planet e, the researchers are confident the planet does not have its original atmosphere.

Co-author of both studies, Dr David Grant, a former Senior Research Associate at the University of Bristol, explained: "The findings also further rule out the presence of a primordial hydrogen-based atmosphere. This is the gaseous envelope, mainly comprising hydrogen, that surrounded a planet in its early stages of formation. Such atmospheres are believed to be common for both giant planets and terrestrial planets in the early solar system."

Dr Wakeford added: "Since TRAPPIST-1 is a very active star, with frequent flares, it's not surprising that any hydrogen-helium atmosphere the planet may have formed would be stripped off by stellar radiation. Many planets, including Earth, build up a heavier secondary atmosphere after losing their primary atmosphere. It is possible planet e was never able to do this and doesn't have a secondary atmosphere, but there's an equal chance one does exist."

The presence of a secondary atmosphere means liquid water could also exist on the surface and if that's the case, researchers understand it would be accompanied by a greenhouse effect, akin to that of planet Earth, in which various gases, especially carbon dioxide, keep the atmosphere stable and the planet warm.




The second paper details work on the theoretical interpretation and lead author Dr Ana Glidden, a post-doctoral researcher at Massachusetts Institute of Technology, explained: "It is unlikely the atmosphere of planet e is dominated by carbon dioxide, like the thick atmosphere of Venus and the thin atmosphere of Mars. But it's also important to note there are no direct parallels with our solar system. TRAPPIST-1 is a very different star from our Sun, and the planetary system around it is also distinct."

Dr Wakeford added: "A little greenhouse effect can go a long way and the new measurements do not rule out sufficient carbon dioxide to sustain some liquid water on the surface. The liquid water could take the form of a global ocean, or cover a smaller area of the planet where the star is at perpetual noon, surrounded by ice. This would be possible because, owing to TRAPPIST-1's planets' sizes and close orbits to their star, they are all tidally locked, with one side always facing the star and the other side in perpetual darkness."

Next steps in the research will involve further detailed observations, comparing data from another exoplanet - planet b - orbiting closest to TRAPPIST-1 in order to make more revelations.

One of the principal investigators of the research team focused on TRAPPIST-1e Dr Nestor Espinoza, an Associate Astronomer and Mission Scientist for Exoplanet Science at the the Space Telescope Science Institute (STScI) in Baltimore, Maryland, said: "Webb's infrared instruments are giving us more detail than we've ever had access to before, and the initial four observations we've been able to make of planet e are showing us what we will have to work with when the rest of the information comes in."

The JWST is the world's premier space science observatory, capable of observing distant worlds and stars, and probing the mysterious structures of our universe. It is an international programme led by NASA, the European Space Agency, and the Canadian Space Agency.

The project is part of the JWST-TST DREAMS program, led by Dr Nikole Lewis, Associate Professor of Astronomy at Cornell University in the US city Ithaca, New York. This international project involves more than 30 scientists from the UK, USA, and India, five of whom are members or former members of Dr Wakeford's team. It includes the breakthrough detection of Quartz clouds in the atmosphere of a hot exoplanet, as shown in a recent study, led by Dr Grant and co-authored by Dr Wakeford.
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A plant compound might be the secret weapon against gum disease | ScienceDaily
A powder based on morin, a natural compound extracted from plants such as guava leaves, apple and fig peels, certain teas, and almonds, has shown antimicrobial, anti-inflammatory, and antioxidant effects against bacteria that cause periodontal disease. It is expected that the substance, released in a controlled manner through polymers, will help with nonsurgical treatments as an alternative to antibiotics for controlling microorganisms.


						
In in vitro laboratory studies, researchers at the Araraquara School of Dentistry at Sao Paulo State University (FOAr-UNESP) in Brazil tested morin on a multispecies biofilm formed by various species of bacteria that simulated the effects of the disease on patients' gums.

The results were published in the Archives of Oral Biology. The study was conducted by Luciana Solera Sales during her doctoral studies at FOAr-UNESP, under the supervision of Fernanda Lourencao Brighenti. FAPESP supported the study through a doctorate and a research internship abroad.

Other researchers involved in the study included Andreia Bagliotti Meneguin from the Faculty of Pharmaceutical Sciences of Araraquara (FCFAr) at UNESP; Hernane da Silva Barud from the University of Araraquara (UNIARA); and Michael Robert Milward from the Faculty of Dentistry at the University of Birmingham in England.

"At the moment, we have a fine powder obtained through spray drying - which is the same equipment used to make powdered milk - that can be used to make various types of oral hygiene products. The idea is to provide a platform that acts as an adjunct and can be useful, for example, for people with reduced motor skills who are unable to brush their teeth properly, such as older adults and patients with special needs," says Brighenti.

Morin was chosen because it is a natural, inexpensive, and easily accessible compound.

"Morin is a flavonoid that can be obtained from various fruits. But simply eating it isn't enough; the substance needs to be processed. The idea is to take advantage of this natural compound, its benefits, and its advantages, and transform it all so that it can be used to prevent and treat tooth decay and periodontal disease," Sales points out.




Within the research group, Brighenti has been working with other researchers to develop what she calls platforms that allow different types of substances to act on the diseases currently being studied. According to Brighenti, this is necessary because natural products generally do not dissolve well in water.

"We have a constant flow of saliva. We produce, on average, 1 milliliter of saliva per minute. Anything we put in our mouths is quickly removed by saliva, especially because it has a smell and taste, which stimulates salivary flow. When we have something that sticks to the mucous membrane of the mouth, the inside of our cheeks, and our teeth, it gives us an additional advantage. This controlled release also helps us control the toxicity and stability of the substance," the professor explains.

In the case of morin, the challenge was to optimize what the group had developed thus far, making it more appealing to potential patients while developing something scalable for the industry.

"We also aim to provide an alternative to products currently available on the market that don't meet the demand because they have some side effects reported by patients, such as taste changes and increased tartar buildup, as well as stains on the teeth with prolonged use," Brighenti adds.

"We started developing these systems in the form of tablets, films, and microparticles. But until then, they were too large and unfeasible for oral use. In my PhD, we tried to improve these products by making them smaller. That's why I developed this format, which looks like powdered milk. I prepared a solution containing sodium alginate and gellan gum to encapsulate morin in a controlled-release system, which is already widely used for drugs but isn't yet widely used in dentistry," Sales explains.

Periodontal disease occurs when there is an accumulation of biofilm or bacterial plaque, a sticky film formed by bacteria and food debris that builds up on the teeth.




Periodontitis, a severe form of periodontal disease, is considered the sixth most common chronic condition worldwide. In mild cases, bleeding may occur. As the disease progresses, it can lead to tooth loss.

Proper oral hygiene, including brushing, flossing, and using fluoride toothpaste, can considerably decrease this risk.

According to data from the World Health Organization (WHO) in 2022, nearly half of the world's population (45%) suffers from oral diseases, amounting to approximately 3.5 billion people.

The researchers plan to continue testing morin first in animal models and then in clinical studies to investigate its other properties.

"We observed with the naked eye that the in vitro biofilm treated with morin in the laboratory is less stained than when treated in its free form. So, it's possible that there's an advantage, that this system helps prevent tooth discoloration. We also need to test, for example, whether morin maintains the balance of the oral cavity, because we don't want to eliminate all bacteria from patients' mouths," says Brighenti.
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Scientists may be closing in on dark matter's true identity | ScienceDaily
Determining the nature of dark matter, the invisible substance that makes up most of the mass in our universe, is one of the greatest puzzles in physics. New results from the world's most sensitive dark matter detector, LUX-ZEPLIN (LZ), have narrowed down the possibilities for one of the leading dark matter candidates: weakly interacting massive particles (WIMPs).


						
"While we always hope to discover a new particle, it is important for particle physics that we are able to set bounds on what the dark matter might actually be," said UC Santa Barbara experimental physicist Hugh Lippincott. Scientists have suspected the existence of dark matter for decades, but it remains a mysterious substance -- one that nevertheless plays a fundamental role in the structure of the universe.

LZ hunts for dark matter from a cavern nearly one mile underground at the Sanford Underground Research Facility (SURF) in South Dakota. The experiment's new results explore weaker dark matter interactions than ever searched before and further limit what WIMPs could be. The results analyze 280 days' worth of data: a new set of 220 days (collected between March 2023 and April 2024) combined with 60 earlier days from LZ's first run. The experiment plans to collect 1,000 days' worth of data before it ends in 2028.

The inner portion of the LZ detector consists of two nested titanium tanks filled with ten tonnes of transparent pure liquid xenon, which is so dense it creates a highly isolated environment, free from the "noise" of the outside world and perfect for capturing the faintest of faint signals that could be indicative of a WIMP. The hope is for a WIMP to knock into a xenon nucleus, causing it to move, much like a hit from a cue ball in a game of pool. By collecting the light and electrons emitted during interactions, LZ captures potential WIMP signals alongside other data. This liquid xenon core is surrounded by a much larger Outer Detector (OD) -- acrylic tanks filled with gadolinium-loaded liquid scintillator.

LZ's sensitivity comes from the myriad ways the detector can reduce backgrounds, the false signals that can impersonate or hide a dark matter interaction. Deep underground, the detector is shielded from cosmic rays coming from space. To reduce natural radiation from everyday objects, LZ was built from thousands of ultraclean, low-radiation parts. The detector is built like an onion, with each layer either blocking outside radiation or tracking particle interactions to rule out dark matter mimics. And, sophisticated new analysis techniques help rule out background interactions.

UCSB was one of the founding groups in LZ, led by UCSB physicist Harry Nelson, who hosted the first LZ meeting at UCSB in 2012. The team currently consists of faculty members Lippincott and Nelson, postdoctoral researchers Chami Amarasinghe and TJ Whitis, and graduate students Jeonghwa Kim, Makayla Trask, Lindsey Weeldreyer, and Jordan Thomas. Other contributors to the result include recent Ph.D. recipient Jack Bargemann, now a postdoctoral researcher at Pacific Northwest National Laboratory, and former undergraduate researcher; Tarun Advaith Kumar, now a graduate student at the Perimeter Institute. The physics coordinator for the result was Scott Haselschwardt, who received his Ph.D. from UCSB in 2018 and is now an assistant professor at the University of Michigan.

Neutrons, subatomic particles that exist in every atom save hydrogen, are among the most common confounders of WIMP signals. Nelson and UCSB led the design, fabrication, and commissioning of the OD, the critical component that allows the collaboration to rule out these particles and enable a real discovery.




"The tricky thing about neutrons is that they also interact with the xenon nuclei, giving off a signal identical to what we expect from WIMPs," Trask said. "The OD is excellent at detecting neutrons, and confirms a WIMP detection by not having any response." Presence of a pulse in the OD can veto an otherwise perfect candidate for a WIMP detection.

Radon is also a WIMP mimic, for which the scientists must be vigilant. "Radon undergoes a particular sequence of decays, some of which could be mistaken for WIMPs," Bargemann said. "One of the things we were able to do in this run was look out for the whole set of decays in the detector to identify the radon and avoid confusing them for WIMPs."

To enable a strong result and eliminate unconscious bias, the LZ collaboration applied a technique called "salting," which adds fake WIMP signals during data collection. By camouflaging the real data until "unsalting" at the very end, researchers can avoid unconscious bias and keep from overly interpreting or changing their analysis.

"We're pushing the boundary into a regime where people have not looked for dark matter before," said Haselschwardt. "There's a human tendency to want to see patterns in data, so it's really important when you enter this new regime that no bias wanders in. If you make a discovery, you want to get it right."

With these results, the field of possibilities for what WIMPs may be has narrowed dramatically, allowing all scientists searching for dark matter to better focus their searches and reject incorrect models of how the universe operates. It's a long game, with more data collection in the future and one that will do more than accelerate the search for dark matter.

"Our experiment is also sensitive to rare events with roots in diverse areas of physics," Amarasinghe said. "Some examples are solar neutrinos, the fascinating decays of certain xenon isotopes, and even other types of dark matter. With the intensity of this result behind us, I'm very excited to spend more time on these searches."

"The UCSB Physics Department has a long history of devising searches for dark matter, starting with one of the first published results of a search in 1988," Nelson said. Previous faculty members include David Caldwell (now deceased), and Michael Witherell, now director of the Lawrence Berkeley Laboratory. David Hale (now retired) pioneered many of the techniques for suppressing fake dark matter signals which are now employed throughout the field of dark matter searches. "UCSB, through the Physics Department, the College of Letters and Science, the administration, and through private donations, has strongly supported the dark matter effort for decades, and made substantial contributions to LZ."

LZ is a collaboration of roughly 250 scientists from 38 institutions in the United States, United Kingdom, Portugal, Switzerland, South Korea, and Australia; much of the work building, operating, and analyzing the record-setting experiment is done by early career researchers. The collaboration is already looking forward to analyzing the next data set and extending our data analysis techniques to seek signals from lower-mass dark matter. Scientists are also thinking through potential upgrades to further improve LZ, and planning for a next-generation dark matter detector called XLZD.

LZ is supported by the U.S. Department of Energy, Office of Science, Office of High Energy Physics and the National Energy Research Scientific Computing Center, a DOE Office of Science user facility. LZ is also supported by the Science & Technology Facilities Council of the United Kingdom; the Portuguese Foundation for Science and Technology; the Swiss National Science Foundation, and the Institute for Basic Science, Korea. More than 38 institutions of higher education and advanced research provided support to LZ. The assistance of the Sanford Underground Research Facility has at all times been critical for UCSB efforts to LZ.
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Scientists just found the strongest signs of life on Mars yet | ScienceDaily
A new study suggests a habitable past and signs of ancient microbial processes on Mars -- and Imperial scientists provided crucial context.


						
Led by NASA and featuring key analysis from Imperial College London, the work has uncovered a range of minerals and organic matter in Martian rocks that point to an ancient history of habitable conditions and potential biological processes on the Red Planet.

An international team, including researchers from the Department of Earth Science and Engineering (ESE) at Imperial, propose that these geological features within the so-called Bright Angel formation in Mars's Jezero Crater are closely connected to organic carbon, and could be a compelling potential biosignature of past life.

Professor Sanjeev Gupta, Professor of Earth Science in ESE, and Academic Co-director of Imperial Global India, said: "This is a very exciting discovery of a potential biosignature but it does not mean we have discovered life on Mars. We now need to analyze this rock sample on Earth to truly confirm if biological processes were involved or not."

Promising signs

A core component of NASA's Mars 2020 mission, the Perseverance Rover has been exploring the 45-kilometre-wide Jezero Crater since 2021, a site chosen because it once held a huge lake and a river delta - environments that are considered prime targets in the search for signs of past life. Its key goal is to collect and store the first set of selected rock and soil samples that will be brought back to Earth for detailed analysis.

The new study, published in Nature, focuses on a distinctly light-toned outcrop in the crater, dubbed 'Bright Angel', located within an ancient river valley which provided water to the Jezero lake.




While driving through the valley, called Neretva Vallis, Perseverance came across a thick succession of fine-grained mudstones and muddy conglomerates. Here, it conducted a detailed analysis of these rocks, using instruments such as the Planetary Instrument for X-ray Lithochemistry (PIXL) and Scanning Habitable Environments with Raman & Luminescence for Organics & Chemicals (SHERLOC).

An unexpected lake

By mapping the types and distributions of different sedimentary rocks at Bright Angel, ESE researchers (including Professor Gupta and Dr Robert Barnes, a Research Associate in ESE, who were both funded by the UK Space Agency), were able to reconstruct the environment in which these mudstones were deposited.

Their analysis revealed a range of sedimentary structures and textures indicative of lake margin and lake bed environments, including a composition rich in minerals like silica and clays - the opposite to a river scenario, where fast-moving water would carry these tiny particles away.

This pointed to a surprising conclusion: they had found lake deposits in the bottom of a river valley.

Co-author Alex Jones, a PhD researcher in ESE and collaborating scientist with the NASA Perseverance team, who has conducted a detailed analysis of the ancient lake environment, said: "This is unusual but very intriguing, as we wouldn't expect to find such deposits in Neretva Vallis. What our sedimentological and stratigraphic work has done is indicate a past, low-energy lake environment - and that is precisely the kind of habitable environment we have been looking for on the mission."

The finding may suggest a period in the history of Jezero Crater where the valley itself was flooded, giving rise to this potentially habitable lake.




Alex, who is an Imperial President's Scholar and did his undergraduate degree in Earth and Planetary Science at ESE, added: "I'm thrilled to be involved in such a discovery and contributing to Perseverance operations during my PhD. It's also pretty cool to apply my terrestrial geologic field experience I gained as a student to investigate such an exciting unit at Jezero!"

Compelling context

With the lake habitat scenario pinned down, the Perseverance science team turned their attention to the mudstones themselves. It was inside these rocks that they discovered a group of tiny nodules and reaction fronts, with chemical analysis revealing that these millimeter-scale structures are highly enriched in iron-phosphate and iron-sulfide minerals (likely vivianite and greigite).

These appear to have formed through redox reactions involving organic carbon, a process that could have been driven by either abiotic or - interestingly - biological chemistry. Importantly, this sets the stage for everything that happened next: the formation of this specific type of oxidized, iron- and phosphorus-rich sediment was the essential prerequisite for creating the ingredients for subsequent reactions.

Since these ingredients mirror by-products of microbial metabolism seen on Earth, it can be considered a compelling potential biosignature, raising the possibility that there was once microbial life on Mars.

A question for Earth labs

Ultimately, the only way for the true origin of these structures to be determined is by returning the samples to Earth, a possibility that rests on when future missions will manage to successfully collect the samples from Mars' surface.

Fortunately, Perseverance has already drilled and cached a core sample from the Bright Angel outcrop, named 'Sapphire Canyon', which, along with others collected by the rover, is awaiting the Mars Sample Return mission - a joint NASA-ESA endeavour aiming to bring them to Earth in the 2030s.

Once in terrestrial laboratories, samples like Sapphire Canyon will be analyzed with instruments far more sensitive than those on the rover by scientists from around the world. Only then will we determine the precise origin of these features and whether they are the result of unique abiotic chemistry, or constitute evidence of past microbial life on Mars.

"This discovery is a huge step forward - the samples we helped characterize are among the most convincing we have," said Professor Gupta.

"The work was an impressive international effort and highlights the power of collaboration and advanced robotics in planetary exploration."

Matthew Cook, Head of Space Exploration at the UK Space Agency, said: "This exciting discovery represents a significant step forward in our understanding of Mars and the potential for ancient life beyond Earth. The chemical signatures identified in these Martian rocks are the first of their kind to potentially reflect biological processes that we see on Earth and provide more compelling evidence that Mars may have once harboured the conditions necessary for microbial life.

"Professor Sanjeev Gupta and his team at Imperial College London, supported through UK Space Agency funding, have made an invaluable contribution to this ground-breaking research, demonstrating the world-leading UK exploration science by leading the establishment of the geological context for the research.

"While we must remain scientifically cautious about definitive claims of ancient life, these findings represent the most promising evidence yet discovered. The upcoming Rosalind Franklin Mars rover mission, built here in the UK, will be crucial in helping us answer whether samples similar to those observed in this study represent genuine biological processes, bringing us closer to answering: are we alone in the Universe?"
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Black mamba venom has a deadly hidden second strike | ScienceDaily
A breakthrough study at The University of Queensland has discovered a hidden dangerous feature in the Black Mamba one of the most venomous snakes in the world.


						
Professor Bryan Fry from UQ's School of the Environment said the study revealed the venoms of three species of mamba were far more neurologically complex than previously thought, explaining why antivenoms were sometimes ineffective.

"The Black Mamba, Western Green Mamba and Jamesons Mamba snakes aren't just using one form of chemical weapon, they're launching a coordinated attack at 2 different points in the nervous system," Professor Fry said.

"If you're bitten by 3 out of 4 mamba species, you will experience flaccid or limp paralysis caused by postsynaptic neurotoxicity.

"Current antivenoms can treat the flaccid paralysis but this study found the venoms of these three species are then able to attack another part of the nervous system causing spastic paralysis by presynaptic toxicity,

"We previously thought the fourth species of mamba, the Eastern Green Mamba, was the only one capable of causing spastic paralysis.

"This finding resolves a long-standing clinical mystery of why some patients bitten by mambas seem to initially improve with antivenom and regain muscle tone and movement only to start having painful, uncontrolled spasms.




"The venom first blocks nerve signals from reaching the muscles but after the antivenom is administered, it then overstimulates the muscles.

"It's like treating one disease and suddenly revealing another."

Mamba (Dendroaspis species) snake bites are a significant threat in sub-Saharan Africa accounting for 30,000 deaths annually.

PhD candidate Lee Jones who conducted the experimental work on the mamba venoms said the research proved new antivenoms were critical to saving lives.

"We set out to understand different venom potencies between mamba species," Mr Jones said.

"We expected to see clear flaccid paralysis inducing post synaptic effects, and effective neutralisation by antivenom.




"What we were not expecting to find was the antivenom unmasking the other half of the venom effects on presynaptic receptors.

"We also found the venom function of the mambas was different depending on their geographic location, particularly within populations of the Black Mamba from Kenya and South Africa.

"This further complicates treatment strategies across regions because the antivenoms are not developed to counteract the intricacies of the different venoms."

Professor Fry said specialised antivenoms could be developed following this study to increase efficacy rates.

"This isn't just an academic curiosity, it's a direct call to clinicians and antivenom manufacturers," Professor Fry said.

"By identifying the limitations of current antivenoms and understanding the full range of venom activity, we can directly inform evidence-based snakebite care.

"This kind of translational venom research can help doctors make better decisions in real time and ultimately saves lives."

The lab work was completed in collaboration with Monash Venom Group.

This research was published in Toxins.
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Pollen holds a secret that could save honeybees | ScienceDaily
A honeybee hive, with its large stores of pollen, wax, and honey, is like a fortress guarding treasure: with strong defenses, but a bonanza for enemies that can overcome those. More than 30 parasites of honeybees are known, spanning protists, viruses, bacteria, fungi, and arthropods - and this number keeps growing. As a result, beekeepers are always on the lookout for new ways to protect their precious hives.


						
A team of researchers from the US suspected that a rich new source of ecofriendly treatments for bee diseases might be hiding in plain sight: in the pollen gathered by bees. They reasoned that so-called endophytes, symbiotic bacteria and fungi living inside most plant tissues, should benefit when their hosts are pollinated. This could be an incentive for these microbes to evolve compounds that keep their host's pollinators healthy.

And now, they have shown their hunch to be correct.

"We found that the same beneficial bacteria occur in pollen stores of honeybee colonies and on pollen of nearby plants," said Dr Daniel May, a faculty member at Washington College in Maryland, US, and the corresponding author of a study in Frontiers in Microbiology.

"We also show that these bacteria produced similar antimicrobial compounds that kill pathogens of bees and plants, making them a great starting point for new treatments of crops and hives."

Precious pollen

May and colleagues homed in on bacteria from the phylum actinobacteria, the source of two-thirds of the antibiotics currently in clinical use. Between April and June 2021, they collected pollen from 10 native plant species in the Lakeshore Nature Preserve at the University of Wisconsin -- Madison. They also collected pollen from the stores of a nearby honeybee hive.




The authors isolated 16 strains of actinobacteria from plants, and 18 strains from pollen stores inside the hive. DNA barcoding and genome sequencing revealed that the same or closely related species occurred in both types of samples. The majority (72%) belonged to the genus Streptomyces, the source of many compounds used in medicine and agriculture, for example as antibiotics or as anticancer and antiparasitic drugs. Some of the closest relatives of the Streptomyces species found here are currently under study elsewhere as potential sources of compounds against diseases of crop plants.

The authors then conducted 'competition assays', where known pathogens were grown together with the Streptomyces isolated here. Nearly all of these proved to be effective inhibitors of the mold Aspergillus niger, which can cause a honeybee disease called stonebrood. Individual strains also proved moderately to strongly active against two bacterial pathogens of honeybees, Paenibacillus larvae and Serratia marcescens, and against three pathogens of crops, Erwinia amylavora, Pseudomonas syringae, and Ralstonia solanaceum.

'Whisked back to the hive'

"We isolated the same Streptomyces bacteria from flowers, pollen-covered bees leaving flowers, and hives. We conclude from our results that endophytic actinobacteria on pollen grains are picked up by pollinating bees and whisked back to hive pollen stores, where they help to defend the colony against disease," said May.

The authors found clear evidence in the genome of the sequenced species that they were indeed endophytes, rather than living in a loose, haphazard association with plants. They possessed genes encoding enzymes that allow Streptomyces to colonize plant tissue, produce hormones to boost the growth of their host, or scavenge metals around roots.

The results confirmed that a great variety of interesting bioactive compounds remain to be discovered in endophytes, many of which could help us to keep honeybees healthy. They also suggest that a landscape rich in plant species is beneficial for bees, as it ensures a greater diversity of actinobacterial endophytes available to them.

"In the future, treating bee diseases could be a matter of simply introducing the right beneficial bacteria into hives to help control specific pathogens," concluded May.
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Long commutes and small homes are wrecking sleep | ScienceDaily
One-third of our lives is spent sleeping, yet 30 to 40 percent of adults are reported to experience some form of insomnia. Japan in particular has the lowest sleep duration among the Organization for Economic Co-operation and Development (OECD) countries, falling at one hour below average.


						
Public health research has identified long commutes, noise, and light pollution from densely populated living environments as factors that impair sleep. While such metropolitan housing offers advantages in commuting time, its livability is far less than the suburbs. To find a balance between convenience and sleep, urban architecture research, which examines the relationship between housing location, size, and sleep health, could help answer the question of "Where and what size home should one have for better sleep?"

Seeking this answer, a research group led by Professor Daisuke Matsushita at Osaka Metropolitan University's Graduate School of Human Life and Ecology investigated whether commuting time and residence predict insomnia and daytime sleepiness among residents of the Tokyo metropolitan area.

Based on an online survey using stratified random sampling, commute time was calculated using a route search system derived from the mode of transportation and postal codes of participants' homes and workplaces. Insomnia and daytime sleepiness were assessed using the Athens Insomnia Scale and the Epworth Sleepiness Scale. The team also examined whether these relationships persist after adjusting for demographic and socioeconomic factors.

Data analysis revealed that even after adjusting for covariates, longer commutes predicted insomnia and daytime sleepiness, while smaller housing size predicted insomnia. Further, a trade-off was observed between commuting time and floor area in cases of insomnia. For housing units meeting the urban-oriented residential area standard of 95 m2 for a four-person household, commuting times exceeding 52 minutes reached the insomnia cutoff value.

"Housing choices and supply that consider the trade-off between location and size may help improve the sleep health of commuters and reduce sleep-related economic losses in metropolitan areas," said Professor Matsushita.

The findings were published in the Journal of Transport and Health.
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New rocket fuel compound packs 150% more energy | ScienceDaily
University at Albany chemists have created a new high-energy compound that could revolutionize rocket fuel and make space flights more efficient. Upon ignition, the compound releases more energy relative to its weight and volume compared to current fuels. In a rocket, this would mean less fuel required to power the same flight duration or payload and more room for mission-critical supplies. Their study was published in the Journal of the American Chemical Society.


						
"In rocket ships, space is at a premium," said Assistant Professor of Chemistry Michael Yeung, whose lab led the work. "Every inch must be packed efficiently, and everything onboard needs to be as light as possible. Creating more efficient fuel using our new compound would mean less space is needed for fuel storage, freeing up room for equipment, including instruments used for research. On the return voyage, this could mean more space is available to bring samples home."

The newly synthesized compound, manganese diboride (MnB2), is over 20% more energetic by weight and about 150% more energetic by volume compared to the aluminum currently used in solid rocket boosters. Despite being highly energetic, it is also very safe and will only combust when it meets an ignition agent like kerosene.

The underlying boron-based structure is also versatile; related research in the Yeung lab has demonstrated its potential to help build more durable catalytic converters for cars and serve as a catalyst for breaking down plastics.

It Takes Heat to Make Heat

Manganese diboride belongs to a class of chemical compounds thought to have unusual properties, yet exploring what exactly these properties entail has been limited by an inability to actually produce the compound.

"Diborides first started getting attention in the 1960s," said UAlbany PhD student Joseph Doane, who works with Yeung. "Since these initial looks, new technologies are allowing us to actually synthesize chemical compounds that were once only hypothesized to exist.




"Knowing what we do about the elements on the periodic table, we suspected that manganese diboride would be structurally asymmetrical and unstable -- factors which together would make it highly energetic -- but until recently, we couldn't test it because it couldn't be made. Successfully synthesizing pure manganese diboride is an exciting achievement in and of itself. And now, we can test it experimentally and discover new ways to put it to use."

Synthesizing manganese diboride requires extreme heat generated using a tool called an "arc melter." The first step involves pressing manganese and boron powders together into a pellet, which is placed in a small, reinforced glass chamber. The arc melter trains a narrow electrical current on the pellet, heating it to a scorching 3,000degC (over 5,000degF). The molten material is then rapidly cooled to lock the structure in place. At the atomic level, this process forces a central manganese atom to bond to too many other atoms, making for an overly crowded structure packed tight like a coiled spring.

3...2...1... Deformation!

When exploring new chemical compounds, being able to physically produce the compound is critical. You also need to be able to define its molecular structure, in order to better understand why it behaves the way it does.

UAlbany PhD student Gregory John, who works with computational chemist Alan Chen, built computer models to visualize manganese diboride's molecular structure. These models revealed something critical: a subtle skew, known as "deformation," which gives the compound its high potential energy.

"Our model of the manganese diboride compound looks like a cross section of an ice cream sandwich, where the outer cookies are made of a lattice structure comprised of interlocking hexagons," said John. "When you look closely, you can see that the hexagons aren't perfectly symmetrical; they're all a little skewed. This is what we call 'deformation.' By measuring the degree of deformation, we can use that measure as a proxy to determine the amount of energy stored in the material. That skew is where the energy is stored."

Here's another way to picture it.




"Imagine a flat trampoline; there's no energy there when it's flat," said Yeung. "If I put a gigantic weight in the center of the trampoline, it will stretch. That stretch represents energy being stored by the trampoline, which it will release when the object is removed. When our compound ignites, it's like removing the weight from the trampoline and the energy is released."

New Materials Need New Compounds

"There's this consensus among chemists that boron-based compounds should have unusual properties that make them behave unlike any other existing compounds," said Associate Professor of Chemistry Alan Chen. "There's an ongoing quest to figure out what those properties and behaviors are. This sort of pursuit is at the heart of materials chemistry, where creating harder, stronger more extreme materials requires forging brand-new chemicals. This is what the Yeung lab is doing -- with findings that could improve rocket fuel, catalytic converters and even processes for recycling plastics.

"This study is also a great example of the scientific process, where researchers pursue interesting chemical properties even when they're not certain what specific applications might emerge. Sometimes, present case included, the results are serendipitous."

Yeung's interest in boron compounds started when he was a grad student at the University of California, Los Angeles. His project was aiming to discover compounds harder than diamond.

"I distinctly remember the first time I made a compound related to manganese diboride," Yeung said. "There I was, holding this new material that was supposed to be super hard. Instead, it started to get hot and changed into a pretty orange color. I thought, 'Why is it orange? Why is it glowing? It shouldn't be glowing!' That's when I realized how energetic boron compounds can be. I put a pin in it to explore in the future, and that's exactly what we are working on now."
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First living cochlea outside the body shows how hearing really works | ScienceDaily
Shortly before his death in August 2025, A. James Hudspeth and his team in the Laboratory of Sensory Neuroscience at The Rockefeller University achieved a groundbreaking technological advancement: the ability to keep a tiny sliver of the cochlea alive and functional outside of the body for the first time. Their new device allowed them to capture the live biomechanics of the cochlea's remarkable auditory powers, including exceptional sensitivity, sharp frequency tuning, and the ability to encode a broad range of sound intensities.


						
"We can now observe the first steps of the hearing process in a controlled way that was previously impossible," says co-first author Francesco Gianoli, a postdoctoral fellow in the Hudspeth lab.

Described in two recent papers (in PNAS and Hearing Research, respectively), the innovation is a product of Hudspeth's five decades of work illuminating the molecular and neural mechanisms of hearing -- insights that have illuminated new paths to preventing or reversing hearing loss.

With this advance, the researchers have also provided direct evidence of a unifying biophysical principle that governs hearing across the animal kingdom, a subject Hudspeth investigated for more than a quarter-century.

"This study is a masterpiece," says biophysicist Marcelo Magnasco, head of the Laboratory of Integrative Neuroscience at Rockefeller, who collaborated with Hudspeth on some of his seminal findings. "In the field of biophysics, it's one of the most impressive experiments of the last five years."

The mechanics of hearing

Though the cochlea is a marvel of evolutionary engineering, some of its fundamental mechanisms have long remained hidden. The organ's fragility and inaccessibility -- embedded as it is in the densest bone in the body -- have made it difficult to study in action.




These challenges have long frustrated hearing researchers, because most hearing loss results from damage to sensory receptors called hair cells that line the cochlea. The organ has some 16,000 of these hair cells, so-called because each one is topped by a few hundred fine "feelers," or stereocilia, that early microscopists likened to hair. Each bundle is a tuned machine that amplifies and converts sound vibrations into electrical responses that the brain can then interpret.

It's well documented that in insects and non-vertebrate animals -- such as the bullfrogs studied in Hudspeth's lab -- a biophysical phenomenon known as a Hopf bifurcation is key to the hearing process. The Hopf bifurcation describes a kind of mechanical instability, a tipping point between complete stillness and oscillations. At this knife-edge, even the faintest sound tips the system into movement, allowing it to amplify weak signals far beyond what would otherwise register.

In the case of bullfrog cochlea, the instability is in the bundles of the sensory hair cells, which are always primed to detect incoming sound waves. When those waves hit, the hair cells move, amplifying the sound in what's called the active process.

In collaboration with Magnasco, Hudspeth documented the existence of the Hopf bifurcation in the bullfrog cochlea in 1998. Whether it exists in the mammalian cochlea has been a subject of debate in the field ever since.

To answer that question, Hudspeth's team decided they needed to observe the active process in a mammalian cochlea in real time and at a greater level of detail than ever before.

A sliver of a spiral

To do so, the researchers turned to the cochlea of gerbils, whose hearing falls in a similar range as humans. They excised slivers no larger than .5 mm from the sensory organ, in the region of the cochlea that picks up the middle range of frequencies. They timed their excision to a developmental moment in which the gerbil's hearing is mature but the cochlea hasn't fully fused to the highly dense temporal bone.




They placed a sliver of tissue within a chamber designed to reproduce the living environment of the sensory tissue, including continuously bathing it in nutrient-rich liquids called endolymph and perilymph and maintaining its native temperature and voltage. Key to the development of this custom device were Brian Fabella, a research specialist in the Hudspeth lab, and instrumentation engineer Nicholas Belenko, from Rockefeller's Gruss Lipper Precision Instrumentation Technologies Resource Center.

They then began to play sounds via a tiny speaker and observed the response.

Discovering a biophysical principle

Among the processes they witnessed were how the opening and closing of ion channels in the hair bundles add energy to the sound-driven vibrations, amplifying them, and how outer hair cells elongate and contract in response to voltage changes through a process called electromotility.

"We could see in fine detail what every piece of the tissue is doing at the subcellular level," Gianoli says.

"This experiment required an extraordinarily high level of precision and delicacy," notes Magnasco. "There's both mechanical fragility and electrochemical vulnerability at stake."

Importantly, they observed that key to the active process was indeed a Hopf bifurcation -- the tipping point that turned mechanical instability into sound amplification. "This shows that the mechanics of hearing in mammals is remarkably similar to what has been seen across the biosphere," says co-first author Rodrigo Alonso, a research associate in the lab.

A device that could lead to future treatments

The scientists anticipate that experimentation using the ex vivo cochlea will improve their understanding of hearing and hopefully point to better therapies.

"For example, we will now be able to pharmacologically perturb the system in a very targeted way that has never been possible before, such as by focusing on specific cells or cell interactions," says Alonso.

There's a great need in the field for new potential therapies. "So far, no drug has been approved to restore hearing in sensorineural loss, and one reason for that is that we still have an incomplete mechanistic understanding of the active process of hearing," Gianoli says. "But now we have a tool that we can use to understand how the system works, and how and when it breaks -- and hopefully think of ways to intervene before it's too late."

Hudspeth found the results deeply gratifying, Magnasco adds. "Jim had been working on this for more than 20 years, and it's a crowning achievement for a remarkable career."
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The hidden forces inside diamonds that could make tech 1,000x faster | ScienceDaily
Understanding what happens inside a material when it is hit by ultrashort light pulses is one of the great challenges of matter physics and modern photonics. A new study published in Nature Photonics and led by Politecnico di Milano reveals a hitherto neglected but essential aspect, precisely the contribution of virtual charges, charge carriers that exist only during interaction with light, but which profoundly influence the material's response.


						
The research, conducted in partnership with the University of Tsukuba, the Max Planck Institute for the Structure and Dynamics of Matter, and the Institute of Photonics and Nanotechnology (Cnr-Ifn) investigated the behavior of monocrystalline diamonds subjected to light pulses lasting a few attoseconds (billionths of a billionth of a second), using an advanced technique called attosecond-scale transient reflection spectroscopy.

By comparing experimental data with state-of-the-art numerical simulations, researchers were able to isolate the effect of so-called virtual vertical transitions between the electronic bands of the material. Such an outcome changes the perspective on how light interacts with solids, even in extreme conditions hitherto attributed only to the movement of actual charges.

"Our work shows that virtual carrier excitation, which develops in a few billionths of a billionth of a second, are indispensable to correctly predict the rapid optical response in solids," said Matteo Lucchini, professor at the Department of Physics, senior author of the study, and associate at CNR-Ifn.

"These results mark a key step in the development of ultra-fast technologies in electronics," adds Rocio Borrego Varillas, researcher at CNR-IFN.

The progress achieved offers new insights into the creation of ultra-fast optical devices, such as switches and modulators capable of operating at petahertz frequencies, a thousand times faster than current electronic devices. This requires a deep understanding of both the behavior of actual charges, and of virtual charges, as demonstrated by this study.

Research was carried out at the Attosecond Research Center (ARC) of the Politecnico di Milano, in the framework of the European and national projects ERC AuDACE (Attosecond Dynamics in AdvanCed matErials) and MIUR FARE PHorTUNA (PHase Transition Ultrafast dyNAmics in Mott insulators).
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This tiny butterfly has the most chromosomes of any animal on Earth | ScienceDaily

This insect boasts 229 pairs of chromosomes, while many of its close relatives have only 23 or 24 pairs. Researchers at the Wellcome Sanger Institute and the Institute of Evolutionary Biology (IBE: CSIC-UPF), Barcelona, have revealed that these chromosomes have been broken up over time, instead of duplicated.

The first genomic study of this butterfly, published on September 10 in Current Biology, allows experts to begin to explore the evolutionary reasons behind this extreme number of chromosomes. Chromosome changes are also seen in human cancer cells, and therefore, understanding this process in different species could help inform cancer research.

This is the first time that the Atlas blue butterfly has been sequenced. From this, experts have produced a gold-standard reference genome for this species, allowing researchers to compare this extreme genome to other butterflies and moths to understand more about how species form and change over time.

Evolution and the development of new species happen over millions of years, making it hard to study practically. Instead, experts can use the DNA of a species and compare this to others in the same family to understand which genes and traits have been kept and which have been lost and then make informed guesses as to why.

Having the genetic story of a species also allows us to understand how the next chapter might go. For example, we might be able to understand how a species could respond to the increasing global temperature and if they have any genes or mechanisms that might protect them. This could inform conservation efforts as well as research into producing more resilient crops.

The Atlas blue butterfly is found in the mountain ranges of Morocco and northeast Algeria. While it had been suspected to have the most chromosome pairs in the animal kingdom, this is the first time experts have sequenced the butterfly genome to confirm1. For comparison, a close relative found widely in the UK, the Common blue butterfly, has 24 chromosomes.




Changes in chromosome numbers are thought to contribute to the process of new species forming and help species adapt to their environment. The group to which the Atlas blue butterfly belongs contains many closely related species that evolved over a short period of time.

In this new research, the team found that the chromosomes had been spilt up at points where the DNA is less tightly wound. This means there was roughly the same amount of genetic information, but it was packaged in smaller sections. All of the chromosomes, apart from the sex chromosomes, were cut up, and the researchers estimate that this caused the chromosome number to go from 24 to 229 over roughly three million years -- a relatively short amount of time by evolutionary standards.

Usually, it is assumed that this kind of extreme chromosomal change is negative; however, the Atlas blue butterfly has evolved and survived for millions of years. It is only now, due to climate change and human impacts on the environment, such as the destruction of cedar forests and overgrazing, that its populations are under threat.

This research raises multiple questions that can now be addressed in the future. Splitting up the chromosomes could help give greater genetic diversity by allowing more frequent shuffling of genome parts or give other unknown benefits. While this may help butterflies to rapidly adapt, species with many chromosomes may also face challenges due to the extra complexity of this, potentially making them more vulnerable to extinction over time. Further investigations and comparisons with other butterflies could highlight whether any genes have been lost or preserved, giving us more information on the biology of the butterflies, but also a deeper understanding of evolution.

Chromosomal rearrangements also happen in human cancers, and therefore, studying these processes in the Atlas blue butterfly DNA could lead to new developments in human health and highlight possible ways to reduce or stop this phenomenon in cancer cells.

Dr Roger Vila, senior author at the Institute of Evolutionary Biology, said: "Breaking down chromosomes has been seen in other species of butterflies, but not on this level, suggesting that there are important reasons for this process which we can now start to explore. Additionally, as chromosomes hold all the secrets of a species, investigating whether these changes impact a butterfly's behaviour could help form a full picture of how and why new species occur."

Dr Charlotte Wright, first author at the Wellcome Sanger Institute, said: "When we set out to start to understand evolution in butterflies, we knew we had to sequence the most extreme, and somewhat mysterious, Atlas blue butterfly. Thanks to Roger Vila, who had previously worked with his colleague to find and identify this elusive butterfly, we were able to sequence this species, highlighting the collaborative nature of science. Being able to see, in detail, how the Atlas blue butterfly chromosomes have been split over time in specific places, we can start to investigate what benefits this might have, how it impacts their ability to adapt to their environment, and whether there are any lessons we can learn from their DNA that might aid conservation in the future."

Professor Mark Blaxter, senior author at the Wellcome Sanger Institute, said: "Genomes hold the key to how a creature came to be, but also, where it might go in the future. To be able to tell the story of our planet, we must have the story of each species and see where they overlap and interact with each other. It also allows us to apply learnings from one genome to another. For example, rearranging chromosomes is also seen in human cancer cells, and understanding this process in the Atlas blue butterfly could help find ways to limit or stop this in cancer cells in the future."

This research includes funding from Wellcome. A full acknowledgement list can be found in the publication.
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Astronomers stunned as fiery auroras blaze on a planet without a star | ScienceDaily
Strong Northern Lights-like activity is the standout feature of today's weather report, which is coming at you from a strange, extrasolar world, instead of a standard TV studio. That is thanks to astronomers from Trinity College Dublin, who used the NASA/ESA/CSA James Webb Space Telescope to take a close look at the weather of a toasty nearby rogue planet, SIMP-0136.
The exquisite sensitivity of the instruments on board the space-based telescope enabled the team to see minute changes in brightness of the planet as it rotated, which were used to track changes in temperature, cloud cover and chemistry. 
Surprisingly, these observations also illuminated SIMP-0136's strong auroral activity, similar to the Northern Lights here on Earth or the powerful aurora on Jupiter, which heat up its upper atmosphere.
"These are some of the most precise measurements of the atmosphere of any extra-solar object to date, and the first time that changes in the atmospheric properties have been directly measured," said Dr Evert Nasedkin, a Postdoctoral Fellow in Trinity College Dublin's School of Physics, who is the lead author of the research article just published in leading international journal, Astronomy & Astrophysics. 
"And at over 1,500 degC, SIMP-0136 makes this summer's heat wave look mild," he continued. "The precise observations we made meant we could accurately record temperature changes smaller than 5 degC. These changes in temperature were related to subtle changes in the chemical composition of this free-floating planet, which is suggestive of storms - similar to Jupiter's Great Red Spot - rotating into view."
Another surprise finding was the lack of variability of the clouds on SIMP-0136. One might expect changes in the cloud coverage to lead to changes in the atmosphere, similar to observing patches of clouds and blue sky here on Earth. Instead, the team found that the cloud coverage was constant over the surface of SIMP-0136. At the temperatures of SIMP-0136 these clouds are unlike those on earth, instead composed of silicate grains, similar to sand on a beach. 
This is the first publication from the new 'Exo-Aimsir' group led by Prof. Johanna Vos in Trinity's School of Physics, and includes contributions from all the group members, including PhD candidates Merle Schrader, Madeline Lam and Cian O'Toole.
These data were initially published by a similar team led by Allison McCarthy at Boston University, but the new analysis has revealed more details about the atmosphere. 
"Different wavelengths of light are related to different atmospheric features. Similar to observing the changes in colour over the surface of the earth, the changes in the colour of SIMP-0136 are driven by changes in the atmospheric properties," added Dr. Nasedkin. "So by using cutting-edge models, we could infer the temperature of the atmosphere, the chemical composition, and the position of the clouds." 
Prof. Vos said: "This work is exciting because it shows that by applying our state-of-the-art modelling techniques to cutting-edge datasets from JWST, we can begin to piece together the processes that drive weather in worlds beyond our solar system. Understanding these weather processes will be crucial as we continue to discover and characterize exoplanets in the future."
"While for now these types of spectroscopic variability observations are limited to isolated brown dwarfs, like this one, future observations with the Extremely Large Telescope and eventually the Habitable Worlds Observatory will enable the study of the atmospheric dynamics of exoplanets, from Jupiter-like gas giants to rocky worlds."
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Scientists finally explain the real reason pregnant women get morning sickness | ScienceDaily
    	A UCLA study has found that "morning sickness" symptoms, including nausea, vomiting and aversions to certain foods and smells, are linked to the body's natural, but complex, immune response during pregnancy.
    	In the early stages of pregnancy, a unique mix of inflammatory responses alongside behavioral mechanisms that researchers believe are adaptive, like nausea, achieves a delicate balance, allowing the mother to tolerate and nourish the half-foreign fetus while also avoiding potentially harmful foods.
    	The study could have workplace implications for pregnant women, helping to widen recognition that these symptoms are healthy and normal, both reducing stigma and paving the way for common-sense workplace accommodations.

UCLA researchers have uncovered a link between "morning sickness" symptoms and the body's natural, but complex, inflammatory response to biological and bodily changes during pregnancy.

According to the National Institutes of Health, up to 80% of early-stage pregnant mothers experience some nausea, vomiting and aversions to certain foods and smells. While uncomfortable, these symptoms are not typically a sign that anything is wrong with the health of the mother or the developing fetus, but rather an indication of a delicate balance unique to pregnant women.

"During pregnancy, a mother's immune system faces a tricky challenge: it has to protect both her and the fetus from infection, but without accidentally attacking the fetus, whose genetic identity is half-foreign because it is half derived from the father. Normally, the immune system attacks anything that seems foreign, so in pregnancy, it has to carefully adjust to keep the fetus safe while still defending against infection," said UCLA anthropology professor Molly Fox.

Fox is the corresponding author of the study "Of scents and cytokines: How olfactory and food aversions relate to nausea and immunomodulation in early pregnancy," recently published in the journal Evolution, Medicine and Public Health.

The researchers believe that this delicate balance, which protects mother and fetus, is achieved by a unique mix of inflammatory responses. They function to prevent the mother's body from rejecting the fetus, alongside adaptive behavioral mechanisms, like nausea, that encourage the mother to avoid foods that are potentially harmful, especially in the first and second trimesters when the fetus is most vulnerable.

"Nausea, vomiting or aversions to foods or smells are not indications that something is going wrong for the mother or the fetus. It's likely an indication that everything is moving along normally, and a reflection of the body's healthy and helpful immune response," said UCLA anthropology professor and paper co-author Daniel Fessler.




Methodology and findings

For the study, the UCLA-led team of anthropologists and epidemiologists collected and analyzed blood samples to measure immune system molecules called cytokines. Cytokines are proteins that send signals to help the body launch a quick defense against sickness and regulate inflammation. Participants also filled out questionnaires that asked about morning sickness-related symptoms and food and smell aversions during the early stages of pregnancy. The participants were 58 Latina women in Southern California who were followed beginning in early pregnancy through the postpartum.

Sixty-four percent of study participants experienced odor or food aversions, primarily to tobacco smoke and meat. Sixty-seven percent reported nausea and 66% experienced vomiting.

The study team measured cytokines that promote inflammation (pro-inflammatory) as well as cytokines that suppress inflammation (anti-inflammatory). They found that women who experienced an aversion to tobacco smoke showed a noticeable shift toward a more inflammatory response. Food aversions, nausea and vomiting were also associated with a more pro-inflammatory immune balance.

Natural selection?

The correlation is consistent with researchers' theory that these symptoms may be part of an evolutionary adaptation that helps pregnant mothers' bodies minimize exposure to harmful substances, though the study's authors caution that the evidence is not definitive and more research is needed.




They emphasized that the study allowed the team to look at both human biological and behavioral responses during pregnancy.

"In many mammals, the fetal compartment has barriers separating it from the mother's blood supply, where her immune cells are. But in humans, we have a unique setup -- fetal cells are bathed in maternal blood. Humans have the most invasive of all placentas, burrowing deep into maternal tissue. So humans need unique strategies to prevent the mother's immune system from attacking the fetus," said Fox.

These immunological changes may induce nausea, which in turn encourages food avoidance that might act as an additional layer of protection, according to the researchers

"Nowadays, you will see labels on packages of ground beef or soft cheese that warn pregnant women to be cautious about these products because of the risks of foodborne illness during pregnancy. Aversions to certain odors and foods, and nausea and even vomiting, appear to be evolution's way of achieving that same objective," said Fessler.

Practical implications

The researchers, including first author Dayoon Kwon, who just completed her Ph.D. in epidemiology at UCLA (and is now a postdoctoral fellow at Stanford), said that the study could help bolster recognition that nausea and vomiting are normal symptoms with biological underpinnings associated with healthy pregnancies. The study's results could help in paving the way for common-sense workplace accommodations, such as more efficient deployment of health care benefits and other helpful resources to reduce stigma, excessive absences and lost productivity.

They also encourage other researchers to continue to look into the questions raised by the study, to not only explore the evolutionary questions, but to work toward providing clinicians with non- or low-invasive measures of prognoses.

Funding for this study was provided by the National Institute of Health.
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The hidden iron switch that makes cancer cells self-destruct | ScienceDaily
Researchers at Duke University have shown that blocking an enzyme involved in iron regulation not only kills multiple myeloma cancer cells, but also increases the effectiveness of current therapies against the disease.


						
The research appeared September 12 in the journal Blood.

Multiple myeloma (MM) is an incurable cancer of plasma, a type of white blood cell that normally makes antibodies to fight infection. MM cells build up in the bone marrow, crowding out healthy blood-forming cells, and produce large amounts of abnormal antibodies. This buildup can weaken the immune system, damage the kidneys and other organs, and cause painful bone disease. MM accounts for nearly 10 percent of all blood cancer diagnoses, and while there are targeted treatments to manage the disease, incidences of symptom relapse and drug-resistant multiple myeloma are increasing.

Although it's unclear what causes multiple myeloma, researchers have observed that MM is often associated with the suppression of ferroptosis, a natural process of cell death associated with excess iron accumulation. Ferroptosis causes oxidative damage to the lipids in the cellular membrane, triggering the cell to break apart. But when that process is suppressed, cell death doesn't occur.

"Cancer cells live like there is no tomorrow," said Mikhail Nikiforov, professor of pathology and biomedical engineering at Duke. "They accumulate iron at levels that would normally be toxic and tear cells apart, but that wasn't what we observed. Instead, these cancer cells adapted to resist the type of cell death triggered by iron overload, and the mechanisms behind this suppression were largely unknown."

But Nikiforov and a team of collaborators across Duke have finally answered this long-standing question by identifying kinase STK17B as a key enzyme responsible for suppressing ferroptosis in MM cells. Typically involved in cell death and T-cell activation, the researchers observed that STK17B was also critical at maintaining the balance of iron in the cell by regulating pro- and anti-ferroptotic proteins.

"Elevated levels of STK17B are associated with poor overall survival in MM patients," said Nikiforov. "STK17B expression is also especially pronounced in relapsed cases of the disease, underscoring its role in therapy resistance."

Using a compound developed by Timothy Willson, the Harold Kohn Distinguished Professor in Open Science Drug Discovery at the UNC Eshelman School of Pharmacy, the team was able to inhibit STK17B's control over iron buildup in the cell, reactivating ferroptosis. They also observed that inhibiting STK17B made cancer cells more sensitive to conventional MM therapies.




As a proof of concept, Nikiforov's team administered an oral version of the inhibitor to MM mouse models. They observed that the compound both induced ferroptosis by increasing the iron uptake of cancer cells and significantly reduced tumor growth in the mouse models.

"These findings establish that STK17B is a critical safeguard protecting MM cells from the toxic consequences of their iron independence," said Nikiforov. "Inhibiting this kinase holds much promise as a therapeutic strategy."

Beyond plans to explore how to improve the formulation, the team has also filed a provisional patent based on their findings with the goal of eventually commercializing the therapy. They also hope to study how the formula could be used to regulate drug resistance in other cancers.

"Many other types of cancer cells are also resistant to ferroptosis," said Nikiforov. "We're curious to see how this inhibitor could improve therapies for other tumors outside of multiple myeloma."

This work was supported by the National Institutes of Health, the National Cancer Institute grants NCI R01CA264984 (M.A.N), NCI R21CA267275 and 17R21CA280499 (Y. K.), NHLBI R01HL168492 (E.A.L.), NCI P30CA014236 (Duke Cancer Institute), and support from the Paula and Rodger Riney Foundation (L.H.B.). The Structural Genomics Consortium (SGC) is a registered charity (no: 1097737) that receives funds from Bayer AG, Boehringer Ingelheim, Bristol Myers Squibb, Genentech, Genome Canada, through Ontario Genomics Institute [OGI-196], EU/EFPIA/OICR/McGill/KTH/Diamond Innovative Medicines Initiative 2 Joint Under-taking [EUbOPEN grant 875510], Janssen, Merck KGaA (also known as EMD in Canada and the US), Pfizer, and Takeda. Funding for this project was provided in part by the NIH Illuminating the Druggable Genome grant 1U24DK116204-01.
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Why Gen X women can't stop eating ultra-processed foods | ScienceDaily
They were the first generation of Americans to grow up with ultra-processed foods all around them - products typically loaded with extra fat, salt, sugar and flavorings. They were children and young adults at a time when such products, designed to maximize their appeal, proliferated.


						
Now, a study shows, 21% of women and 10% of men in Generation X and the tail end of the Baby Boom generation, now in their 50s and early 60s, meet criteria for addiction to these ultra-processed foods.

That rate is far higher than it is among adults who grew up just a decade or two earlier, and only encountered ultra-processed foods in adulthood. Among adults age 65 to 80, just 12% of women and 4% of men meet criteria for ultra-processed food addiction.

The study, published in the journal Addiction by a team from the University of Michigan, is based on nationally representative data from more than 2,000 older Americans surveyed by the U-M National Poll on Healthy Aging.

The poll is based at the U-M Institute for Healthcare Policy and Innovation and supported by Michigan Medicine, U-M's academic medical center. The new paper builds on a previous poll report by diving deeper into generational differences and correlations with health.

Measuring food addiction in an under-studied group

The researchers used the modified Yale Food Addiction Scale 2.0 (mYFAS 2.0), a standardized tool adapted from the criteria used to diagnose substance use disorders. The scale asks about 13 experiences with ultraprocessed foods and drinks that define addiction, such as strong cravings, repeated unsuccessful attempts to cut down, withdrawal symptoms, and avoiding social activities because of fear of overeating.




In this case, the "substance" is not alcohol or nicotine, but highly rewarding ultra-processed foods such as sweets, fast food, and sugary beverages. By applying clinical addiction criteria to ultra-processed foods, the study highlights the ways in which such foods can "hook" people.

"We hope this study fills a gap in knowledge about addiction to ultra-processed foods among older adults, as measured by a well-studied and standardized scale," said Lucy K. Loch, a graduate student in the U-M Department of Psychology. "Today's older adults were in a key developmental period when our nation's food environment changed. With other research showing clear links between consumption of these foods and risk of chronic disease and premature death, it's important to study addiction to ultra-processed foods in this age group."

Differences by gender

Unlike traditional substance use disorders -- which historically have been more common in older men -- ultra-processed food addiction shows the opposite pattern: higher prevalence in older women.

One explanation may be the aggressive marketing of "diet" ultra-processed food to women in the 1980s.

Low-fat cookies, microwaveable meals, and other carbohydrate-heavy products were promoted as weight-control solutions, but their engineered nutrient profiles may have reinforced addictive eating patterns.




Women now aged 50 to 64 may have been exposed to ultraprocessed foods during a sensitive developmental window, which may help explain the poll's findings for this age group, said senior author Ashley Gearhardt, Ph.D., a professor of psychology at U-M and member of IHPI. Gearhardt leads the U-M Food and Addiction Science & Treatment Lab.

"The percentages we see in these data far outpace the percentages of older adults with problematic use of other addictive substances, such as alcohol and tobacco," said Gearhardt. "We also see a clear association with health and social isolation, with much higher risks of ultra-processed food addiction in those who call their mental or physical health status fair or poor, or say they sometimes or often feel isolated from others."

Key findings related to overweight, health status and social isolation
    	Overweight self-perception:            	Women aged 50 to 80 who said they are overweight were more than 11 times as likely to meet criteria for ultra-processed food addiction than women who say their weight is about right. Men who reported being overweight were 19 times as likely.
        	No matter what their age, 33% of women who described themselves as overweight, 13% of women who described themselves as slightly overweight and 17% of men who described themselves as overweight met criteria for addiction to ultra-processed foods. Of the total sample, 31% of women and 26% of men in the sample said they were overweight and 40% of women and 39% of men said they were slightly overweight.
    
    
    	Health status:            	Men reporting fair or poor mental health were four times as likely to meet criteria for ultra-processed food addiction; women were nearly three times as likely.
        	For physical health, men reporting fair or poor health were three times as likely to meet criteria for ultra-processed food addiction, and women were nearly two times as likely.
    
    
    	Social isolation: Men and women who reported feeling isolated some of the time or often were more than three times as likely to meet criteria for ultra-processed food addiction as those who did not report isolation.

The researchers suggest that individuals who perceive themselves as overweight may be particularly vulnerable to "health-washed" ultra-processed foods - those marketed as low-fat, low-calorie, high-protein or high-fiber, but still formulated to amplify their appeal and maximize craving.

"These products are sold as health foods - which can be especially problematic for those trying to reduce the number of calories they consume," Gearhardt said. "This especially affects women, because of the societal pressure around weight."

Looking Ahead

The generation of older adults now in their 50s and early 60s is the first to live most of their lifespan in a food environment dominated by ultra-processed foods, Geahardt noted.

"These findings raise urgent questions about whether there are critical developmental windows when exposure to ultra-processed foods is especially risky for addiction vulnerability," she said. "Children and adolescents today consume even higher proportions of calories from ultra-processed foods than today's middle-aged adults did in their youth. If current trends continue, future generations may show even higher rates of ultra-processed food addiction later in life."

She added, "Just as with other substances, intervening early may be essential to reducing long-term addiction risk across the lifespan."

About the study

The study was funded by a National Science Foundation Graduate Research Fellowship Program (DGE-2241144) and the National Institute on Drug Abuse of the National Institutes of Health (5R01DA055027).

In addition to Loch and Gearhardt, the study's co-authors are Matthias Kirch, M.S., Dianne C. Singer, M.P.H, Erica Solway, Ph.D., M.S.W., M.P.H., J. Scott Roberts, Ph.D. and poll director Jeffrey T. Kullgren, M.D., M.P.H., M.S. Roberts is a member of the faculty at the U-M School of Public Health, and Kullgren is a member of the faculty in the U-M Medical School and a primary care physician at the VA Ann Arbor Healthcare System.
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Simple blood test predicts liver disease years before symptoms | ScienceDaily

"These are diseases that are growing increasingly common and that have a poor prognosis if detected late," says Rickard Strandberg, affiliated researcher at Karolinska Institutet's Department of Medicine in Huddinge, who has developed the test with his departmental colleague Hannes Hagstrom. "Our method can predict the risk of severe liver disease within 10 years and is based on three simple routine blood tests."

For the study, the researchers at Karolinska Institutet in Sweden and their colleagues in Finland evaluated how well the method can estimate the risk of severe liver disease. The model, which is called CORE, was produced with advanced statistical methods and is based on five factors: age, sex and levels of three common liver enzymes (AST, ALT and GGT), which are commonly measured during regular health checks.

A web-based calculator

Their aim has been to produce a tool that is easy to use in primary care, where most patients first seek medical attention. A web-based calculator is already available for doctors and nurses at www.core-model.com.

"This is an important step towards being able to offer early screening for liver disease in primary care," says principal investigator Hannes Hagstrom, adjunct professor at Karolinska Institutet's Department of Medicine in Huddinge, and senior consultant at Karolinska University Hospital. "Drug treatment is now available, soon hopefully also in Sweden, for treating people at a high risk of developing liver diseases such as cirrhosis or liver cancer."

The study is based on data from over 480,000 people in Stockholm who underwent health checks between 1985 and 1996. On following the participants for up to 30 years, the researchers could see that some 1.5 per cent developed severe liver disease, such as liver cirrhosis and liver cancer, or required a liver transplant.




Highly accurate risk prediction

The CORE model proved highly accurate and was able to differentiate between people who either did or did not develop the disease in 88 per cent of cases, which is an improvement on the currently recommended FIB-4 method.

"Primary care hasn't had the tools to detect the risk of severe liver disease in time," says Professor Hagstrom. "FIB-4 is not suited for the general population and is less effective at predicting the future risk of severe liver disease."

The model was also tested on two other population groups in Finland and the UK, where it again demonstrated a high accuracy in predicting this risk. The researchers make the point, however, that it needs to be further tested on groups at especially high risk, such as people with type 2 diabetes or obesity. They also recognise a need to integrate the model into medical records systems to facilitate its clinical use.

The study was a collaboration between Karolinska Institutet, Helsinki University Hospital, Helsinki University and the Finnish Institute for Health and Welfare. It was financed by the Swedish Research Council, Region Stockholm (CIMED) and the Swedish Cancer Society. Hannes Hagstrom is engaged in several collaborations with the pharmaceutical industry regarding liver disease prognosis, but none that is relevant to the current study.
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Stunning images reveal how antibiotics shatter bacterial defenses | ScienceDaily
A team led by UCL (University College London) and Imperial College London researchers has shown for the first time how life-saving antibiotics called polymyxins pierce the armor of harmful bacteria.


						
The findings, published in the journal Nature Microbiology, could lead to new treatments for bacterial infections - especially urgent since drug-resistant infections already kill more than a million people a year.

Polymyxins were discovered more than 80 years ago and are used as a last-resort treatment for infections caused by "Gram negative" bacteria. These bacteria have an outer surface layer that acts like armor and prevents certain antibiotics from penetrating the cell. Polymyxins are known to target this outer layer, but how they disrupt it and then kill bacteria is still not understood.

In the new study, the research team revealed in high-resolution images and biochemical experiments how the antibiotic Polymyxin B rapidly caused bumps and bulges to break out on the surface of an E. coli bacterial cell.

These protrusions, which appeared within minutes, were followed by the bacterium rapidly shedding its outer armor.

The antibiotic, the researchers concluded, had triggered the cell to produce and shed its armor. The more the cell tried to make new amor, the more it lost the amor it was making, at such a rate that it left gaps in its defenses, allowing the antibiotic to enter the cell and kill it.

However, the team found that this process - protrusions, fast production and shedding of armor, and cell death - only occurred when the cell was active. In dormant (sleeping) bacteria, armor production is switched off, making the antibiotic ineffective.




Co-senior author Dr Andrew Edwards, from Imperial, said: "For decades we've assumed that antibiotics that target bacterial armor were able to kill the microbes in any state, whether they're actively replicating or they were dormant. But this isn't the case. Through capturing these incredible images of single cells, we've been able to show that this class of antibiotics only work with help from the bacterium, and if the cells go into a hibernation-like state, the drugs no longer work -- which is very surprising."

Becoming dormant allows bacteria to survive unfavorable conditions such as a lack of food. They can stay dormant for many years and "wake up" when conditions become more favorable. This can allow bacteria to survive against antibiotics, for instance, and reawaken to cause recurrent infections in the body.

Co-senior author Professor Bart Hoogenboom, based at the London Centre for Nanotechnology at UCL, said: "Polymyxins are an important line of defense against Gram-negative bacteria, which cause many deadly drug-resistant infections. It is important we understand how they work.

"Our next challenge is to use these findings to make the antibiotics more effective. One strategy might be to combine polymyxin treatment - counterintuitively - with treatments that promote armor production and/or wake up 'sleeping' bacteria so these cells can be eliminated too.

"Our work also shows we need to take into account what state bacteria are in when we are assessing the effectiveness of antibiotics."

The E. coli cells were imaged at the London Centre for Nanotechnology at UCL. A tiny needle, only a few nanometers wide, was run over the bacterial cell, "feeling" the shape to create an image (a technique called atomic force microscopy) at much higher resolution than would be possible using light.




Co-author Carolina Borrelli, a PhD student at the London Centre for Nanotechnology at UCL, said: "It was incredible seeing the effect of the antibiotic at the bacterial surface in real-time. Our images of the bacteria directly show how much polymyxins can compromise the bacterial armor. It is as if the cell is forced to produce 'bricks' for its outer wall at such a rate that this wall becomes disrupted, allowing the antibiotic to infiltrate."

The team compared how active (growing) and inactive E. coli cells responded to polymyxin B in the lab, finding that the antibiotic efficiently eliminated active cells but did not kill dormant cells.

They also tested the E. coli cells' response with and without access to sugar (a food source that wakes up dormant cells). When sugar was present, the antibiotic killed previously dormant cells, but only after a delay of 15 minutes - the time needed for the bacteria to consume the sugar and resume production of its outer armor.

In conditions where the antibiotic was effective, the researchers detected more armor being released from the bacteria. They also observed the bulges occurring across the surface of the cell.

In conditions where it was ineffective, the antibiotic bound itself to the outer membrane but caused little damage.

Co-author Dr Ed Douglas, from Imperial, said: "We observed that disruption of the outermost armor of the bacteria only occurred when the bacteria were consuming sugar. Once we knew that, we could quickly figure out what was happening."

Co-author Professor Boyan Bonev, of the University of Nottingham, said: "Working together has given us unique insights into bacterial physiology and morphology under stress that have remained hidden for decades. Now we understand better the weak points of bacteria."

This work was funded by the Biotechnology and Biological Sciences Research Council (BBSRC) and the Engineering and Physical Sciences Research Council (EPSRC), parts of UK Research and Innovation, and by Wellcome.
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Hubble finds a hybrid galaxy with a mysterious and violent past | ScienceDaily
This new NASA/ESA Hubble Space Telescope Picture of the Week features a galaxy that's hard to categorize. The galaxy in question is NGC 2775, which lies 67 million light-years away in the constellation Cancer (The Crab). NGC 2775 sports a smooth, featureless center that is devoid of gas, resembling an elliptical galaxy. It also has a dusty ring with patchy star clusters, like a spiral galaxy. Which is it, then: spiral or elliptical -- or neither?


						
Because we can only view NGC 2775 from one angle, it's difficult to say for sure. Some researchers have classified NGC 2775 as a spiral galaxy because of its feathery ring of stars and dust, while others have classified it as a lenticular galaxy. Lenticular galaxies have features common to both spiral and elliptical galaxies.

It's not yet known exactly how lenticular galaxies come to be, and they might form in a variety of ways. Lenticular galaxies might be spiral galaxies that have merged with other galaxies, or that have mostly run out of star-forming gas and lost their prominent spiral arms. They also might have started out more similar to elliptical galaxies, then collected gas into a disk around them.

Some evidence suggests that NGC 2775 has merged with other galaxies in the past. Invisible in this Hubble image, NGC 2775 has a tail of hydrogen gas that stretches almost 100,000 light-years around the galaxy. This faint tail could be the remnant of one or more galaxies that wandered too close to NGC 2775 before being stretched apart and absorbed. If NGC 2775 merged with other galaxies in the past, it could explain the galaxy's strange appearance today.

A Hubble image of NGC 2775 was previously released in 2020. The new version adds observations of a specific wavelength of red light that is emitted by clouds of hydrogen gas surrounding massive young stars.
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Earth was born dry until a cosmic collision made it a blue planet | ScienceDaily
After the formation of the Solar System, it took a maximum of three million years for the chemical composition of the Earth's precursor to be completed. This is shown by a new study by the Institute of Geological Sciences at the University of Bern. At this time, however, there were hardly any elements necessary for life such as water or carbon compounds on the young planet. Only a later planetary collision probably brought water to Earth, paving the way for life.


						
Earth is so far the only known planet on which life exists -- with liquid water and a stable atmosphere. However, the conditions were not conducive to life when it formed. The gas-dust cloud from which all the planets in the Solar System formed was rich in volatile elements essential for life, such as hydrogen, carbon and sulphur. However, in the inner Solar System -- the part closest to the Sun, where the four rocky planets Mercury, Venus, Earth and Mars and the asteroid belt are located today -- these volatile elements could hardly exist: Due to the high temperature of the Sun, they did not condense and initially remained largely in the gas phase. As these gaseous substances were not incorporated into the solid rocky materials from which the planets were formed, the early precursor of the Earth, the so-called proto-Earth, also contained very little of these vital substances. Only celestial bodies that formed further away from the Sun in cooler regions were able to incorporate these components. When and how the Earth became a life-friendly planet is still not fully understood.

In a new study, researchers from the Institute of Geological Sciences at the University of Bern have now been able to show for the first time that the chemical composition of the early Earth was complete no later than three million years after the formation of the Solar System -- and in a way that initially made the emergence of life impossible. Their results, recently published in the journal Science Advances, suggest that life on Earth was only made possible by a later event. Dr. Pascal Kruttasch is first author of the study, which was part of his dissertation at the Institute of Geological Sciences and was financially supported by the Swiss National Science Foundation. Kruttasch is now an SNSF Postdoc Mobility Fellow at Imperial College London.

Using a precise clock to measure the history of the Earth's formation

The research team used a combination of isotope and element data from meteorites and terrestrial rocks to reconstruct the process of the Earth's formation. Using model calculations, the researchers were able to narrow down in time how the chemical composition of the Earth developed in comparison to other planetary building blocks.

Kruttasch explains: "A high-precision time measurement system based on the radioactive decay of manganese-53 was used to determine the precise age. This isotope was present in the early Solar System and decayed to chromium-53 with a half-life of around 3.8 million years." This method allowed ages to be determined with an accuracy of less than one million years for materials that are several billion years old. "These measurements were only possible because the University of Bern has internationally recognized expertise and infrastructure for the analysis of extraterrestrial materials and is a leader in the field of isotope geochemistry," says co-author Klaus Mezger, Professor Emeritus of Geochemistry at the Institute of Geological Sciences at the University of Bern.

Life on Earth thanks to a cosmic coincidence?

Using model calculations, the research team was able to show that the chemical signature of the proto-Earth, i.e. the unique pattern of chemical substances of which it is composed, was already complete less than three million years after the formation of the Solar System. Their study thus provides empirical data on the time of formation of the original material of the young Earth. "Our Solar System formed around 4,568 million years ago. Considering that it only took up to 3 million years to determine the chemical properties of the Earth, this is surprisingly fast," says first author Kruttasch.




The results of the study thus support the assumption that a later collision with another planet -- Theia -- brought the decisive turning point and made the Earth a life-friendly planet. Theia probably formed further out in the Solar System, where volatile substances such as water accumulated. "Thanks to our results, we know that the proto-Earth was initially a dry rocky planet. It can therefore be assumed that it was only the collision with Theia that brought volatile elements to Earth and ultimately made life possible there," says Kruttasch.

Life-friendliness in the universe cannot be taken for granted

The new study contributes significantly to our understanding of the processes in the early phase of the Solar System and provides clues as to when and how planets on which life is possible can form. "The Earth does not owe its current life-friendliness to a continuous development, but probably to a chance event -- the late impact of a foreign, water-rich body. This makes it clear that life-friendliness in the universe is anything but a matter of course," says Mezger.

The next step would be to investigate the collision event between proto-Earth and Theia in more detail. "So far, this collision event is insufficiently understood. Models are needed that can fully explain not only the physical properties of the Earth and Moon, but also their chemical composition and isotope signatures," concludes Kruttasch.
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Black hole discovery confirms Einstein and Hawking were right | ScienceDaily
A decade ago, scientists first detected ripples in the fabric of space-time, called gravitational waves, from the collision of two black holes. Now, thanks to improved technology and a bit of luck, a newly detected black hole merger is providing the clearest evidence yet of how black holes work -- and, in the process, offering long-sought confirmation of fundamental predictions by Albert Einstein and Stephen Hawking.


						
The new measurements were made by the Laser Interferometer Gravitational-Wave Observatory (LIGO), with analyses led by astrophysicists Maximiliano Isi and Will Farr of the Flatiron Institute's Center for Computational Astrophysics in New York City. The results reveal insights into the properties of black holes and the fundamental nature of space-time, hinting at how quantum physics and Einstein's general relativity fit together.

"This is the clearest view yet of the nature of black holes," says Isi, who is also an assistant professor at Columbia University. "We've found some of the strongest evidence yet that astrophysical black holes are the black holes predicted from Albert Einstein's theory of general relativity."

The results were reported in a paper published September 10 in Physical Review Letters by the LIGO-Virgo-KAGRA Collaboration.

For massive stars, black holes are the final stage in their evolution. Black holes are so dense that even light cannot escape their gravity. When two black holes collide, the event distorts space itself, creating ripples in space-time that fan out across the universe, like sound waves ringing out from a struck bell.

Those space-deforming ripples, called gravitational waves, can tell scientists a great deal about the objects that created them. Just as a large iron bell makes different sounds than a smaller aluminum bell, the "sound" a black hole merger makes is specific to the properties of the black holes involved.

Scientists can detect gravitational waves with special instruments at observatories such as LIGO in the United States, Virgo in Italy and KAGRA in Japan. These instruments carefully measure how long it takes a laser to travel a given path. As gravitational waves stretch and compress space-time, the length of the instrument, and thus the light's travel time, changes minutely. By measuring those tiny changes with great precision, scientists can use them to determine the black holes' characteristics.




The newly reported gravitational waves were found to be created by a merger that formed a black hole with the mass of 63 suns and spinning at 100 revolutions per second. The findings come 10 years after LIGO made the first black hole merger detection. Since that landmark discovery, improvements in equipment and techniques have enabled scientists to get a much clearer look at these space-shaking events.

"The new pair of black holes are almost twins to the historic first detection in 2015," Isi says. "But the instruments are much better, so we're able to analyze the signal in ways that just weren't possible 10 years ago."

With these new signals, Isi and his colleagues got a complete look at the collision from the moment the black holes first careened into each other until the final reverberations as the merged black hole settled into its new state, which happened only milliseconds after first contact.

Previously, the final reverberations were difficult to capture, as by that point, the ringing of the black hole would be very faint. As a result, scientists couldn't separate the ringing of the collision from that of the final black hole itself.

In 2021, Isi led a study showcasing a cutting-edge method that he, Farr and others developed to isolate certain frequencies -- or 'tones' -- using data from the 2015 black hole merger. This method proved powerful, but the 2015 measurements weren't clear enough to confirm key predictions about black holes. With the new, more precise measurements, though, Isi and his colleagues were more confident they had successfully isolated the milliseconds-long signal of the final, settled black hole. This enabled more unambiguous tests of the nature of black holes.

"Ten milliseconds sounds really short, but our instruments are so much better now that this is enough time for us to really analyze the ringing of the final black hole," Isi says. "With this new detection, we have an exquisitely detailed view of the signal both before and after the black hole merger."

The new observations allowed scientists to test a key conjecture dating back decades that black holes are fundamentally simple objects. In 1963, physicist Roy Kerr used Einstein's general relativity to mathematically describe black holes with one equation. The equation showed that astrophysical black holes can be described by just two characteristics: spin and mass. With the new, higher-quality data, the scientists were able to measure the frequency and duration of the ringing of the merged black hole more precisely than ever before. This allowed them to see that, indeed, the merged black hole is a simple object, described by just its mass and spin.




The observations were also used to test a foundational idea proposed by Stephen Hawking called Hawking's area theorem. It states that the size of a black hole's event horizon -- the line past which nothing, not even light, can return -- can only ever grow. Testing whether this theorem applies requires exceptional measurements of black holes before and after their merger. Following the first black hole merger detection in 2015, Hawking wondered if the merger signature could be used to confirm his theorem. At the time, no one thought it was possible.

By 2019, a year after Hawking's death, methods had improved enough that a first tentative confirmation came using techniques developed by Isi, Farr, and colleagues. With four times better resolution, the new data gives scientists much more confidence that Hawking's theorem is correct.

In confirming Hawking's theorem, the results also hint at connections to the second law of thermodynamics. This law states that a property that measures a system's disorder, known as entropy, must increase, or at least remain constant, over time. Understanding the thermodynamics of black holes could lead to advances in other areas of physics, including quantum gravity, which aims to merge general relativity with quantum physics.

"It's really profound that the size of a black hole's event horizon behaves like entropy," Isi says. "It has very deep theoretical implications and means that some aspects of black holes can be used to mathematically probe the true nature of space and time."

Many suspect that future black hole merger detections will only reveal more about the nature of these objects. In the next decade, detectors are expected to become 10 times more sensitive than today, allowing for more rigorous tests of black hole characteristics.

"Listening to the tones emitted by these black holes is our best hope for learning about the properties of the extreme space-times they produce," says Farr, who is also a professor at Stony Brook University. "And as we build more and better gravitational wave detectors, the precision will continue to improve."

"For so long this field has been pure mathematical and theoretical speculation," Isi says. "But now we're in a position of actually seeing these amazing processes in action, which highlights how much progress there's been -- and will continue to be -- in this field."
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Fossils in germany reveal a Jurassic sea monster with a swordfish snout | ScienceDaily
An international research team from Switzerland and Germany, led by Gael Spicher (JURASSICA Museum, Porrentruy, Switzerland), has described a new ichthyosaur species based on fossils curated at the Urwelt-Museum Oberfranken (Bayreuth, Germany). The study was published in Museum fur Naturkunde Berlin's open-access journal Fossil Record.


						
The new species was named Eurhinosaurus mistelgauensis, in reference to the clay pit of Mistelgau in Upper Franconia - a fossil site that has yielded numerous important finds. "We wanted to highlight the scientific importance of the Mistelgau locality," explains lead author and doctoral student Gael Spicher.

Excavations in the clay pit have been conducted regularly since 1998 by the Urwelt-Museum Oberfranken, which recovered and prepared the fossils prior to their scientific study. One specimen originates from a so-called "belemnite battleground" - dense accumulations of Jurassic cephalopod remains that are characteristic of the site.

Ichthyosaurs - marine reptiles that lived during the time of the dinosaurs - show striking similarities in body shape to dolphins or tuna. The newly described species shares the elongation of the upper jaw typical for eurhinosaurs, producing a pronounced "overbite" similar to that of modern swordfish. Eurhinosaurus mistelgauensis differs from previously known species by its notably robust ribs and special features in the joint connecting the skull and the neck.

"The naming of a new species emphasizes the significance of the Urwelt-Museum Oberfranken's fossil collections for understanding Jurassic marine ecosystems," says museum director Dr. Serjoscha Evers, who was not involved in the study. "The Mistelgau site continues to provide rare insights into a time period that is otherwise scarcely documented worldwide."

Further studies on the Mistelgau material are in preparation. These include analyses of injuries preserved in the ichthyosaur skeletons, which may shed light on the ecology and life history of these ancient marine reptiles.
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Heisenberg said it was impossible. Scientists just proved otherwise | ScienceDaily
Physicists in Australia and Britain have reshaped quantum uncertainty to sidestep the restriction imposed by the famous Heisenberg uncertainty principle - a result that could underpin future ultra-precise sensor technology used in navigation, medicine and astronomy.


						
The Heisenberg uncertainty principle, introduced in 1927, says that you can't know certain pairs of properties - such as a particle's position and momentum - with unlimited precision at the same time. In other words, there is always a trade-off in uncertainty: the more closely one property is pinned down, the less certainty there is about the other.

In research published Sept. 24 in Science Advances, a team led by Dr Tingrei Tan from the University of Sydney Nano Institute and School of Physics has shown how to engineer a different trade-off to precisely measure position and momentum at the same time.

"Think of uncertainty like air in a balloon," said Dr Tan, a Sydney Horizon Fellow in the Faculty of Science. "You can't remove it without popping the balloon, but you can squeeze it around to shift it. That's effectively what we've done. We push the unavoidable quantum uncertainty to places we don't care about (big, coarse jumps in position and momentum) so the fine details we do care about can be measured more precisely."

The researchers also use the analogy of a clock to explain their findings (see image). Think of a normal clock with two hands: the hour hand and the minute hand. Now imagine the clock only has one hand. If it's the hour hand, you can tell what hour it is and roughly what minute, but the minute reading will be very imprecise. If the clock only has the minute hand, you can read the minutes very precisely, but you lose track of the larger context - specifically, which hour you're in. This 'modular' measurement sacrifices some global information in exchange for much finer detail.

"By applying this strategy in quantum systems, we can measure the changes in both position and momentum of a particle far more precisely," said first author Dr Christophe Valahu from the Quantum Control Laboratory team at the University of Sydney. "We give up global information but gain the ability to detect tiny changes with unprecedented sensitivity."

Quantum computing tools for a new sensing protocol

This strategy was outlined theoretically in 2017. Here, Dr Tan's team performed the first experimental demonstration by using a technological approach they had previously developed for error-corrected quantum computers, a result recently published in Nature Physics.




"It's a neat crossover from quantum computing to sensing," said co-author Professor Nicolas Menicucci, a theorist from RMIT University. "Ideas first designed for robust quantum computers can be repurposed so that sensors pick up weaker signals without being drowned out by quantum noise.

The Sydney team implemented the sensing protocol using the tiny vibrational motion of a trapped ion - the quantum equivalent of a pendulum. They prepared the ion in "grid states," a kind of quantum state originally developed for error-corrected quantum computing. With this, they showed that both position and momentum can be measured together with precision beyond the 'standard quantum limit' - the best achievable using only classical sensors.

"We haven't broken Heisenberg's principle. Our protocol works entirely within quantum mechanics," said Dr Ben Baragiola, co-author from RMIT. "The scheme is optimised for small signals, where fine details matter more than coarse ones.

Why it matters

The ability to detect extremely small changes is important across science and technology. Ultra-precise quantum sensors could sharpen navigation in environments where GPS doesn't work (such as submarines, underground or spaceflight); enhance biological and medical imaging; monitor materials and gravitational systems; or probe fundamental physics.

While still at the laboratory stage, the experiment demonstrates a new framework for future sensing technologies targeted towards measuring tiny signals. Rather than replacing existing approaches, it adds a complementary tool to the quantum-sensing toolbox.




"Just as atomic clocks transformed navigation and telecommunications, quantum-enhanced sensors with extreme sensitivity could enable whole new industries," said Dr Valahu.

A collaborative effort

This project united experimentalists at the University of Sydney with theorists at RMIT, the University of Melbourne, Macquarie University and the University of Bristol in Britain. It shows how collaboration across institutions and borders can accelerate progress and strengthen Australia's quantum research community.

"This work highlights the power of collaboration and the international connections that drive discovery," Dr Tan said.
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Miscarriages, down syndrome, and infertility all linked to this hidden DNA process | ScienceDaily
When a woman becomes pregnant, the outcome of that pregnancy depends on many things -- including a crucial event that happened while she was still growing inside her own mother's womb. It depends on the quality of the egg cells that were already forming inside her fetal ovaries. The DNA-containing chromosomes in those cells must be cut, spliced and sorted perfectly. In males, the same process produces sperm in the testes but occurs only after puberty.


						
"If that goes wrong, then you end up with the wrong number of chromosomes in the eggs or sperm," said Neil Hunter, a professor in the Department of Microbiology and Molecular Genetics at the University of California, Davis. "This can result in infertility, miscarriage or the birth of children with genetic diseases."

In a paper published Sept. 24 in the journal Nature, Hunter's team reports a major new discovery about a process that helps safeguard against these mistakes. He has pieced together the choreography of proteins that connect matching chromosome pairs -- ensuring that they are sorted correctly as egg and sperm cells develop and divide.

Hunter's discoveries required methods to watch the molecular events of chromosome recombination unfold with unprecedented detail. This involved genetic engineering in budding yeast -- a model organism that has been used for decades to discover how fundamental cellular processes work.

"The chromosome structures that we studied have changed very little across evolution," Hunter said. "Every protein that we looked at in yeast has a direct counterpart in humans." His findings could improve our understanding of fertility problems and how they are diagnosed and treated in humans.

Forming chromosome crossovers for strong connections

Humans have 46 chromosomes in each of our cells, made up of 23 pairs of matching, "homologous" chromosomes, with one of each pair inherited from each parent. Early in the process of making sperm or eggs, those chromosome pairs line up, and the parental chromosomes break and rejoin to each other. These chromosome exchanges, called "crossovers," serve two important functions.




First, they help ensure that each chromosome that is passed on to the offspring contains a unique mixture of genes from both parents. Crossovers also keep the chromosomes connected in matching pairs. These connections guide the distribution of chromosomes when cells divide to produce eggs and sperm. Maintaining crossover connections is especially crucial in females, Hunter said.

As chromosomes pair up in developing egg or sperm cells, matching DNA strands are exchanged and twined together over a short distance to form a structure called a "double Holliday junction." DNA strands of this structure are then cut to join the chromosomes forming a crossover.

In males, developing immature sperm cells then immediately divide and distribute chromosomes to the sperm. In contrast, egg cells developing in the fetal ovary arrest their development after crossovers have formed. The immature egg cells can remain in suspended animation for decades after birth, until they are activated to undergo ovulation.

Only then does the process lurch back into motion: The egg cell finally divides, and the chromosome pairs that were connected by crossovers are finally separated to deliver a single set of chromosomes to the mature egg. "Maintaining the crossover connections over many years is a major challenge for immature egg cells," Hunter said.

If chromosome pairs aren't connected by at least one crossover, they can lose contact with each other, like two people separated in a jostling crowd. This causes them to segregate incorrectly when the cell finally divides, producing egg cells with extra or missing chromosomes. This can cause infertility, miscarriage or genetic conditions such as Down syndrome, in which a child is born with an extra copy of chromosome 21, leading to cognitive impairment, heart defects, hearing loss and other problems.

From yeast to humans

Hunter has spent years trying to understand how crossovers form and how this process can fail and cause reproductive problems. By studying this process in yeast, researchers can directly visualize molecular events of double-Holliday junction resolution in synchronized populations of cells.




Researchers have identified dozens of proteins that bind and process these junctions. Hunter and then-postdoctoral fellow Shangming Tang (now an assistant professor of biochemistry and molecular genetics at the University of Virginia) used a technique called "real-time genetics" to investigate the function of those proteins. With this method, they made cells degrade one or more specific proteins within the junction-associated structures. They could then analyze the DNA from these cells, to see whether the junctions were resolved and if they formed crossovers. In this way, they built up a picture in which a network of proteins function together to ensure that crossovers are formed.

"This strategy allowed us to answer a question that previously wasn't possible," Hunter said.

They identified key proteins such as cohesin that prevent an enzyme called the STR complex (or Bloom complex in humans) from inappropriately dismantling the junctions before they can form crossovers.

"They protect the double Holliday junction," Hunter said. "That is a key discovery."

This years-long research project in yeast is broadly relevant for human reproduction because the process has changed very little during evolution. Failure to protect double-Holliday junctions may be linked to fertility problems in humans.

In addition to Tang, the postdoc, seven undergraduates in the UC Davis College of Biological Sciences contributed to this work, including Jennifer Koo, Mohammad Pourhosseinzadeh, Emerald Nguyen, Natalie Liu, Christopher Ma, Hanyu Lu and Monica Lee.

Additional authors on the paper include Sara Hariri, Regina Bohn and John E. McCarthy, all members of the Hunter lab.

Hunter's research is funded by the National Institutes of Health and the Howard Hughes Medical Institute. His work has also received funding from the UC Davis Comprehensive Cancer Center, the American Cancer Society, the Concern Foundation for Cancer Research, and the Damon Runyon Cancer Foundation.

Hunter's research on crossover and homologous recombination uses advanced scientific facilities at the university's Proteomics Core Facility, MCB Light Microscopy Imaging Facility, Genome Center, Mouse Biology Program, and the Comprehensive Cancer Center.
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Fruit might be the surprising key to healthier lungs | ScienceDaily
Eating fruit may reduce the effects of air pollution on lung function, according to research presented at the European Respiratory Society Congress in Amsterdam, the Netherlands.


						
The study was presented by Pimpika Kaewsri, a PhD student from the Centre for Environmental Health and Sustainability at the University of Leicester, UK.

She explains: "Over 90% of the global population is exposed to air pollution levels that exceed WHO guidelines, and ample research shows that exposure to higher air pollution levels is associated with reduced lung function.

"Separately, a healthy diet -- particularly one high in fruits and vegetables -- has been linked to better lung function. We wanted to explore whether a healthy diet or specific food groups could modify or partly mitigate the known adverse effects of air pollution on lung function."

Using UK Biobank data from around 200,000 participants, Kaewsri compared people's dietary patterns -- including their fruit, vegetable and whole grains intake -- with their lung function (FEV1 - the amount of air exhaled in one second) and their exposure to air pollution in the form of fine particulate matter (PM2.5). PM2.5 concentration is the amount of very tiny particles, 2.5 micrometers or smaller, released into the air, for example by vehicle exhausts and industrial processes. The team also accounted for other factors such as age, height, and socioeconomic status.

For every increase in exposure to PM2.5 of five micrograms per cubic meter of air, the team observed a 78.1ml reduction in FEV1 in the low fruit intake group, compared to only a 57.5ml reduction in the high fruit intake group in women.

Kaewsri explains: "Our study confirmed that a healthy diet is linked to better lung function in both men and women regardless of air pollution exposure. And that women who consumed four portions of fruit per day or more appeared to have smaller reductions in lung function associated with air pollution, compared to those who consumed less fruit.




"This may be partly explained by the antioxidant and anti-inflammation compounds naturally present in fruit. These compounds could help mitigate oxidative stress and inflammation caused by fine particles, potentially offsetting some of the harmful effects of air pollution on lung function."

Kaewsri also noted that, in the study population, men generally reported lower fruit intake than women. "This difference in dietary patterns may help explain why the potential protective effect of fruit against air pollution was only observed in women," she adds.

Kaewsri plans to extend the research by exploring whether diet can influence changes in lung function over time.

Professor Sara De Matteis, Chair of the European Respiratory Society's expert group on occupational and environmental health, based at the University of Turin, Italy, who was not involved in the research said: "This study confirms the potential respiratory health benefits of a healthy diet, especially rich in fresh fruit intake.

"However, access to a healthy diet is not equally distributed in the population and, even if the authors adjusted for socioeconomic status, some residual confounding cannot be ruled out.

"A healthy plant-rich diet should be promoted in the population starting from primary school, not only for preventing chronic diseases, but also to reduce the carbon-footprint of meat-rich diets.

"This does not exempt governments from continuing with environmental policies to reduce air pollution to as low as possible, given there are no safe exposure levels, and it does not transfer their accountability to individuals whose diet choices are often constrained by economic needs."
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Doctors tested a common drug on COVID. The results are stunning | ScienceDaily
A widely available and affordable drug has been shown to be effective in treating seriously ill COVID-19 patients, according to a new international study led by researchers at the Australian National University (ANU) in collaboration with King's College London.


						
The study analyzed data from almost 500 patients hospitalized with COVID-19 across six countries. Patients who inhaled heparin were half as likely to require ventilation and had a significantly lower risk of dying compared with those receiving standard care.

Heparin, a drug traditionally injected to treat blood clots, was tested in this study in an inhaled form, targeting the lungs directly. As well as acting as an anticoagulant, heparin has anti-inflammatory and pan-antiviral properties. Earlier research results showed breathing and oxygen levels improved in COVID-19 patients after they inhaled a course of heparin.

The researchers believe the drug could also be useful in fighting other serious respiratory infections such as pneumonia.

Professor Clive Page, Emeritus Professor of Pharmacology at King's who co-led the international study with ANU's Professor van Haren, said: "Inhaled heparin is anti-viral, anti-inflammatory and anti-coagulant. There's no other drug that has that unique combination. We know it's only a matter of time until the next pandemic, and there are still COVID-19 patients who get very sick. This is a great weapon to have up our sleeve."

While the findings highlight the potential of inhaled heparin, further development is required before the treatment can be routinely adopted. The researchers believe the drug could also be useful in fighting other serious respiratory infections such as pneumonia, which can be caused by a range of viruses and bacteria.

According to Professor van Haren, the drug would also be helpful for those with a compromised immune system, such as cancer patients, when they experience a respiratory infection.

Professor Frank van Haren, lead author, ANU and Director of the Intensive Care Unit at the St George Hospital in Sydney, said: "It doesn't matter what kind of respiratory infection the patient is dealing with, the drug -- when inhaled -- will stop it from infecting the patient and from damaging the lungs. We're aiming to conduct another trial in Europe to confirm its effectiveness in fighting other common respiratory infections such as influenza and RSV. And because it's inexpensive, it's much more accessible for those from low-income countries"

The researchers are now also developing an improved formulation of heparin, specifically designed to be given by inhalation.

The research is published in eClinicalMedicine and simultaneously presented of at the European Respiratory Society (ERS) International Congress in Amsterdam on Sunday, September 28, the leading annual gathering for respiratory research.
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New inhaler halves childhood asthma attacks | ScienceDaily
Findings from a trial comparing the real-world effectiveness of asthma inhalers could reshape how children with asthma are treated.


						
In the first randomized controlled trial to investigate the use of a 2-in-1 inhaler as the sole reliever therapy for children aged 5 to 15, an international team found the combined treatment to be more effective than salbutamol, the current standard for asthma symptom relief in children, with no additional safety concerns.

The results show that using a single 2-in-1 anti-inflammatory reliever inhaler - which combines the inhaled corticosteroid (ICS) budesonide and the fast-acting bronchodilator formoterol - reduced children's asthma attacks by an average of 45%, compared to the widely-used salbutamol inhaler.

Asthma attacks in children may be life-threatening and reducing their frequency and severity is a public health priority.

The 2-in-1 budesonide-formoterol inhaler is widely recommended as the preferred reliever treatment for adults, but children are still usually prescribed salbutamol.

Researchers say the findings, published on Sept. 27 in The Lancet, provide the evidence needed to bring children's global asthma guidelines into line with adults', which could benefit millions of children around the world with mild-to-moderate asthma.

The CARE study (Children's Anti-inflammatory REliever) was designed and led by the Medical Research Institute of New Zealand (MRINZ), in collaboration with Imperial College London, University of Otago Wellington, Starship Children's Hospital, and the University of Auckland. It recruited 360 children across New Zealand who were then randomly assigned to receive either budesonide-formoterol or salbutamol for on-demand symptom relief.




The trial lasted a year and the budesonide-formoterol reliever resulted in a lower rate of asthma attacks than salbutamol reliever, with rates of 0.23 versus 0.41 per participant per year. This means that for every 100 children with mild asthma who are switched from salbutamol to a 2-in-1 budesonide-formoterol inhaler, there would be 18 fewer asthma attacks per year.Importantly, the study also confirmed the safety of the combined-inhaler approach, with no significant differences in children's growth, lung function, or asthma control between the two groups.

Dr Lee Hatter, lead author of the study and Senior Clinical Research Fellow at the MRINZ, said: "This is a key step in addressing the evidence gap that exists between asthma management in adults and children. For the first time, we have demonstrated that the budesonide-formoterol 2-in-1 inhaler, used as needed for symptom relief, can significantly reduce asthma attacks in children with mild asthma. This evidence-based treatment could lead to improved asthma outcomes for children worldwide."

Professor Richard Beasley, Director of MRINZ and senior author of the study, said: "Implementing these findings could be transformative for asthma management on a global scale. The evidence that budesonide-formoterol is more effective than salbutamol in preventing asthma attacks in children with mild asthma has the potential to redefine the global standard of asthma management."

The burden of asthma in the estimated 113 million children and adolescents with asthma worldwide is substantial. The latest study builds on previous studies in adults led by MRINZ researchers (see detail in Notes, below) which shaped international asthma treatment guidelines. These findings contributed to the recommended use of the 2-in-1 ICS-formoterol reliever inhaler as the preferred reliever treatment for adults with asthma around the world.

The incorporation of findings from the CARE study into global asthma treatment strategies could help reduce disparities in care and ensure that more children access effective, evidence-based treatments.

The researchers say that global health organizations have long advocated for child-targeted asthma interventions, and their findings provide crucial evidence to support those efforts.




However, the authors acknowledge some limitations of the clinical trial. It was undertaken during the COVID-19 pandemic, during which stringent public health measures and fewer circulating respiratory viruses contributed to the lower than predicted rate of severe asthma attacks. The authors also acknowledge the challenges with the identification of asthma attacks in children, and the potential bias with the lack of blinding of the randomized treatments. They say though that the study's findings are generalizable to clinical practice due to its pragmatic, real-world design.

Professor Andrew Bush, from Imperial College London, senior respiratory pediatrician and co-author of the CARE study, said: "Having an asthma attack can be very scary for children and their parents. I'm so pleased that we've been able to prove that an inhaler that significantly reduces attacks - already a game-changer for adults -- is safe for children with mild asthma too. We believe this will transform asthma care worldwide and are excited to be building on this work with the CARE UK study."

Professor Helen Reddel, Chair of the Science Committee of the Global Initiative for Asthma (GINA), commented on the global significance of the study, saying that it fills a critically important gap for asthma management globally. Professor Reddel said: "Asthma attacks have a profound impact on children's physical, social and emotional development and their prevention is a high priority for asthma care. It is in childhood, too, that lifelong habits are established, particularly reliance on traditional medications like salbutamol that only relieve symptoms and don't prevent asthma attacks."

Professor Bob Hancox, Medical Director of the New Zealand Asthma and Respiratory Foundation, said: "This is a very important study for children with mild asthma. We have known for some time that 2-in-1 budesonide/formoterol inhalers are better than the traditional reliever treatment in adults, but this had not been tested in children. This research shows that this 2-in-1 inhaler is effective and safe for children as young as 5. This information will help to reduce the burden of asthma for many children, and both they and their families will breathe easier because of it."

Study key points: 
    	The CARE study is the first randomized controlled trial comparing ICS-formoterol anti-inflammatory reliever inhaler treatment with salbutamol reliever inhaler treatment, in children aged five to 15 years with asthma.
    	Budesonide-formoterol demonstrated a significant reduction in asthma attacks, with a 45% decrease in the rate of attacks compared to salbutamol (0.23 vs 0.41 attacks per participant per year; relative rate 0.55, 95% CI 0.35-0.86, p=0.01).
    	These findings are consistent with established benefits seen in adults, where ICS-formoterol has become the preferred reliever treatment for asthma management.
    	The study found no safety concerns regarding the use of a combined inhaled steroid treatment in children, with no adverse effects on growth or lung function.
    	This study provides compelling evidence that switching from a salbutamol reliever inhaler to a budesonide-formoterol reliever inhaler can help prevent asthma attacks in children with mild asthma as young as five, which could lead to a potential shift in asthma treatment globally

The study was made possible by the generous support of the Health Research Council of New Zealand, Cure Kids (New Zealand), and the Barbara Basham Medical Charitable Trust managed by Perpetual Guardian. Symbicort Rapihalers for the trial were provided by AstraZeneca.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250928095611.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Junk food can scramble memory in just 4 days | ScienceDaily
Diet impacts the brain a lot more than we think.


						
A new study from UNC School of Medicine researchers, published in Neuron, reveals a unique look at how junk food rewires the brain's memory hub - leading to risk of cognitive dysfunction. This new research opens the door to early interventions that can prevent even long-term memory loss associated with obesity.

Led by UNC School of Medicine's Juan Song, PhD, principal investigator, professor of pharmacology, and Taylor Landry, PhD, first author, Department of Pharmacology, researchers found that a special group of brain cells in the hippocampus, called CCK interneurons, become overly active after eating a high-fat diet (HFD), due to an impaired ability of the brain to receive glucose (sugar). This overactivity disrupts how the hippocampus processes memory, even after just a few days of high fat diet. This type of diet resembles typical Western-style junk food rich in saturated fat -- like cheeseburgers and fries. The discovery also showed that a protein called PKM2, which controls how brain cells use energy, plays a key role in this problem.

"We knew that diet and metabolism could affect brain health, but we didn't expect to find such a specific and vulnerable group of brain cells, CCK interneurons in the hippocampus, that were directly disrupted by short-term high-fat diet exposure," Song said, who is a member of the UNC Neuroscience Center. "What surprised us most was how quickly these cells changed their activity in response to reduced glucose availability, and how this shift alone was enough to impair memory."

Brain Health Study Summary
    	Mouse models were placed on high-fat diet resembling fatty junk food before starting behavioral testing.
    	Within 4 days of eating high-fat diet, results showed CCK interneurons in the brain's memory hub became abnormally active.
    	Results suggest fatty junk foods can affect the brain almost immediately, well before the onset of weight gain or diabetes.

Research findings also highlight how sensitive memory circuits are to diet, underscoring the importance of nutrition in maintaining brain health. A high-fat diet, rich in saturated fats, could possibly lead to an elevated risk of developing neurodegenerative diseases, like dementia and Alzheimer's, according to the study.

The research also shows that restoring brain glucose levels actually calmed down overactive neurons and fixed memory problems in mice. The study found interventions like dietary modifications or pharmacological approaches may be effective in preserving brain health for obesity-related neurodegeneration. Notably, researchers discovered that dietary interventions like intermittent fasting periods following a high-fat diet were sufficient to normalize CCK interneurons and improve memory function.

"This work highlights how what we eat can rapidly affect brain health and how early interventions, whether through fasting or medicine, could protect memory and lower the risk of long-term cognitive problems linked to obesity and metabolic disorders," said Song. "In the long run, such strategies could help reduce the growing burden of dementia and Alzheimer's linked to metabolic disorders, offering more holistic care that addresses both body and brain."

This research is ongoing to further understand how these glucose-sensitive neurons disrupt brain rhythms that support memory. Researchers plan to test whether these targeted therapies could be translated into humans and how a high-fat diet could be a factor in Alzheimer's disease. Lifestyle-based interventions will also be explored, such as dietary patterns that stabilize brain glucose, to see if they offer protective benefits.
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The accidental discovery that forged the Iron Age | ScienceDaily
Research from Cranfield University sheds new light onto the transition from the Bronze Age to the Iron Age, showing how experimentation with iron-rich rocks by copper smelters may have sparked the invention of iron.


						
The work reanalyzed metallurgical remains from a site in southern Georgia: a 3000-year-old smelting workshop called Kvemo Bolnisi. During the original analysis in the 1950s, piles of hematite (an iron oxide mineral) and slag (a waste product of the metal production) were found in the workshop. Finding those iron oxides, the original excavators thought the workshop was an early iron smelting site.

However, new research shows that those assumptions were wrong. Rather than iron, workers at Kvemo Bolnisi were smelting copper using iron oxide as a flux -- a substance added into the furnace to increase the resulting copper yield.

These discoveries give weight to a long-discussed theory that iron was invented by copper smelters. This evidence shows that ancient copper metalworkers experimented with iron-bearing materials in a metallurgical furnace, which was a crucial step towards iron smelting.

The importance of iron

While the Iron Age marked the beginnings of widespread iron production, the metal itself wasn't a new discovery. Iron artifacts have been found dating from the Bronze Age, most famously an iron dagger with a gold and rock crystal hilt from the tomb of Egyptian king Tutankhamun. But the earliest iron objects were forged from naturally occurring metallic iron found in meteorites, not extracted from iron ore through smelting. That rarity meant iron was, at that point in history, more valuable than gold.

The development of extractive iron metallurgy changed all this. Iron is one of the most abundant elements on Earth, even though naturally occurring iron metal is very rare. The ability to extract iron from iron ore and work it into useful materials such as tools or weapons is one of the defining technological transformations in human history. The transition into the Iron Age was far from instantaneous, but it gave rise to the iron-wielding armies of Assyria and Rome and later the railroads and steel-frame buildings of the industrial revolution.




Dr Nathaniel Erb-Satullo, Visiting Fellow in Archaeological Science at Cranfield University, said: "Iron is the world's quintessential industrial metal, but the lack of written records, iron's tendency to rust, and a lack of research on iron production sites has made the search for its origins challenging.

"That's what makes this site at Kvemo Bolnisi so exciting. It's evidence of intentional use of iron in the copper smelting process. That shows that these metalworkers understood iron oxide -- the geological compounds that would eventually be used as ore for iron smelting -- as a separate material and experimented with its properties within the furnace. Its use here suggests that this kind of experimentation by copper-workers was crucial to development of iron metallurgy.

"There's a beautiful symmetry in this kind of research, in that we can use the techniques of modern geology and materials science to get into the minds of ancient materials scientists. And we can do all this through the analysis of slag -- a mundane waste material that looks like lumps of funny-looking rock."

The research was supported by grants from the British Institute of Ankara, the Gerda Henkel Foundation, and the American Research Institute of the South Causcasus. The research paper Iron in copper metallurgy at the dawn of the Iron Age: Insights on iron invention from a mining and smelting site in the Caucasus is published in the Journal of Archaeological Science.
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Why "dry" oil wells aren't really empty | ScienceDaily
A common problem with oil wells is that they can run dry even when sound-based measurements say there's still oil there. A team from Penn State University used PSC's flagship Bridges-2 supercomputer to add a time dimension to these seismic measurements, as well as to analyze how oil damps down the loudness of sound traveling through it. Their preliminary analysis suggests that hidden rock structures in oil reserves prevent all the oil from being pumped out. They're now scaling up their work to tackle realistically sized oil fields.


						
Why It's Important

Given all the complexity of finding oil in more remote and deeper locations, we need to drill smarter. Waste was always expensive, but today it's particularly important to be as clean and efficient as oil and gas extraction can be.

Experts use the movement of sound through the Earth to spot where oil deposits should be. Those measurements also tell us the approximate size of a given reserve. Still, it's common for a well to go dry after only a fraction of its suspected oil has been pumped out. Penn State's Tieyuan Zhu and his students and postdoctoral fellows wanted to understand why that is -- and to develop more accurate measurements of how much oil a given well will actually produce.

"We actually tested ... data from the North Sea. You know, they started drilling in 2008 and based on their estimation ... they could produce oil for 20 years, 30 years. But unfortunately, after two years, there was nothing. Their well is dry. They just got confused. Where is the oil? Gone? The big issue actually is the complexity of the geology in the reservoir." -- Tieyuan Zhu, Penn State

The team's approach, studying more aspects of the data from sound measurements than previously employed, would require more computing power. Also, they would need large memory to store parts of the problem in the computer's processors without time-costly trips back to data storage. PSC's NSF-funded Bridges-2 was the answer to this problem, thanks to an allocation from ACCESS, the NSF network of computing sites.

How PSC Helped

Oil doesn't sit in pools underground. When it's present, it's soaked into porous rock. Solid rock transmits sound more readily than oil-drenched rock. So experts can spot oil reserves by the way they slow down sound traveling through them. Much like a medical ultrasound, these seismic methods produce 3D images of where that oil-sodden rock sits.




Despite those sophisticated maps, though, wells drilled based on those images often come up short. Zhu's team reasoned that there were literally parts of the picture that the 3D imaging wasn't capturing. They suspected that obtaining images of the same reserves on different dates -- adding time to create a kind of 4D animation -- would help build a more accurate picture.

Another piece of the puzzle would be to include more features of the seismic data in the analysis. Previously, oil reserves were spotted by the longer amount of time it takes sound to move through them. To this time data, the Penn State scientists added the amplitude of the signal -- how oil damped out its loudness.

This all posed computational problems. The computer would need lots of fast processors to crunch the calculations in a reasonable amount of time. But it would also need to temporarily store parts of the problem in its memory -- like RAM in a laptop -- so that it didn't need to keep going back to read the stored data, which slows everything down. Bridges-2, with over a thousand powerful central processing units (CPUs) in its regular memory nodes, could provide the speed. It could also provide the memory, as its CPU nodes each feature between 256 and 512 gigabytes of RAM -- eight to 16 times as much as a high-end gaming laptop.

"We have two postdocs and also one graduate student using Bridges-2 ... the first phase of using Bridges-2 was to parallelize our research code ... and make it more practical ... The second phase is really to implement the code to the field data ... PSC guaranteed me a hundred thousand computing hours, and also the memory to store my data, my field data ... That just cannot be achieved with our local [resources]." -- Tieyuan Zhu, Penn State

The team's repeated measurements and expanded analysis yielded paydirt. They found that the images mapped out by time alone, in a single measurement, missed structures within the oil reserve. Some of these structures, such as a layer of more solid rock within the reserve, wouldn't affect the speed of the sound enough to be detected. But it would prevent a well from sucking up the oil below it. The solution, in some cases, was simple. Drill a little deeper, and the rest of the oil would be accessible. The scientists reported their results in the journal Geophysics in September, 2024, with a more extensive result in the same journal in April, 2025.

The current report was just a proof of concept for their approach in a limited geological area, about 9 square miles. Currently, the team is expanding their computations to more nodes, so that the method can produce accurate maps for much larger areas, dozens of square miles. Another option Zhu's group may explore in scaling up their work is using Bridges-2's extreme memory nodes, which have 4,000 gigabytes of RAM apiece.
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Quantum chips just proved they're ready for the real world | ScienceDaily
UNSW Sydney nano-tech startup Diraq has shown its quantum chips aren't just lab-perfect prototypes - they also hold up in real-world production, maintaining the 99% accuracy needed to make quantum computers viable.


						
Diraq, a pioneer of silicon-based quantum computing, achieved this feat by teaming up with European nanoelectronics institute Interuniversity Microelectronics Centre (imec). Together they demonstrated the chips worked just as reliably coming off a semiconductor chip fabrication line as they do in the experimental conditions of a research lab at UNSW.

UNSW Engineering Professor Andrew Dzurak, who is the founder and CEO of Diraq, said up until now it hadn't been proven that the processors' lab-based fidelity - meaning accuracy in the quantum computing world - could be translated to a manufacturing setting.

"Now it's clear that Diraq's chips are fully compatible with manufacturing processes that have been around for decades."

In a paper published on Sept. 24 in Nature, the teams report that Diraq-designed, imec-fabricated devices achieved over 99% fidelity in operations involving two quantum bits - or 'qubits'. The result is a crucial step towards Diraq's quantum processors achieving utility scale, the point at which a quantum computer's commercial value exceeds its operational cost. This is the key metric set out in the Quantum Benchmarking Initiative, a program run by the United States' Defense Advanced Research Projects Agency (DARPA) to gauge whether Diraq and 17 other companies can reach this goal.

Utility-scale quantum computers are expected to be able to solve problems that are out of reach of the most advanced high-performance computers available today. But breaching the utility-scale threshold requires storing and manipulating quantum information in millions of qubits to overcome the errors associated with the fragile quantum state.

"Achieving utility scale in quantum computing hinges on finding a commercially viable way to produce high-fidelity quantum bits at scale," said Prof. Dzurak.




"Diraq's collaboration with imec makes it clear that silicon-based quantum computers can be built by leveraging the mature semiconductor industry, which opens a cost-effective pathway to chips containing millions of qubits while still maximizing fidelity."

Silicon is emerging as the front-runner among materials being explored for quantum computers - it can pack millions of qubits onto a single chip and works seamlessly with today's trillion-dollar microchip industry, making use of the methods that put billions of transistors onto modern computer chips.

Diraq has previously shown that qubits fabricated in an academic laboratory can achieve high fidelity when performing two-qubit logic gates, the basic building block of future quantum computers. However, it was unclear whether this fidelity could be reproduced in qubits manufactured in a semiconductor foundry environment.

"Our new findings demonstrate that Diraq's silicon qubits can be fabricated using processes that are widely used in semiconductor foundries, meeting the threshold for fault tolerance in a way that is cost-effective and industry-compatible," Prof. Dzurak said.

Diraq and imec previously showed that qubits manufactured using CMOS processes - the same technology used to build everyday computer chips - could perform single-qubit operations with 99.9% accuracy. But more complex operations using two qubits that are critical to achieving utility scale had not yet been demonstrated.

"This latest achievement clears the way for the development of a fully fault-tolerant, functional quantum computer that is more cost effective than any other qubit platform," Prof. Dzurak said.
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Living with purpose may protect your brain from dementia | ScienceDaily
Research into Blue Zones -- regions of the world where people tend to live longer -- shows that having a sense of purpose in life may help people live longer.


						
Now, new research from UC Davis shows that having a sense of purpose in life may have another benefit as people age: reducing the risk of dementia.

The new study, published in The American Journal of Geriatric Psychiatry, followed over 13,000 adults aged 45 and older for up to 15 years.

Researchers found that people who reported a higher sense of purpose in life were about 28% less likely to develop cognitive impairment -- including mild cognitive impairment and dementia.

The protective effect of having a purpose was seen across racial and ethnic groups. It also remained significant even after accounting for education, depression and the APOE4 gene, which is a known risk factor for Alzheimer's disease.

Purpose in life helps the brain stay resilient

"Our findings show that having a sense of purpose helps the brain stay resilient with age," said Aliza Wingo, senior author and professor in the UC Davis Department of Psychiatry and Behavioral Sciences. "Even for people with a genetic risk for Alzheimer's disease, sense of purpose was linked to a later onset and lower likelihood of developing dementia."

Participants were not specifically asked about the activities that gave their life purpose. Previous studies on aging, though, have found a wide rang of activities give older adults a sense of life purpose, sometimes referred to as "ikigai." These include:
    	Relationships: Caring for family, spending time with grandchildren or supporting a spouse or friend.
    	Work or volunteering: Continuing professional work, mentoring or contributing to community causes.
    	Spirituality or faith: Religious beliefs, spiritual practices or involvement in faith-based communities.
    	Personal goals: Pursuing hobbies, learning new skills or setting and achieving personal milestones.
    	Helping others: Acts of kindness, philanthropy, caregiving or advocacy work.




Purpose delays onset of cognitive decline

Researchers also found that people with higher purpose tended to experience cognitive decline later than those with lower purpose. On average, the delay in onset was very modest -- about 1.4 months over an eight-year period, after considering the effects of age, education, depressive symptoms, and genetic risk. However, it is meaningful when compared to current treatments.

"While medications like lecanemab and donanemab can modestly delay symptoms of cognitive impairment in Alzheimer's disease, they come with risks and costs," said Nicholas C. Howard, first author and public health researcher at UC Davis. "Purpose in life is free, safe and accessible. It's something people can build through relationships, goals and meaningful activities."

Methods and limitations of study

Participants in the study were part of the Health and Retirement Study, a nationally representative survey funded by the National Institute on Aging. All had normal cognitive health at the beginning of the study.

Researchers used a seven-item survey from the Ryff Measures of Psychological Well-being.Participants had six possible responses (from "strongly agree" to "strongly disagree") for statements such as: "I am an active person in carrying out the plans I set for myself" and "I have a sense of direction and purpose in my life." Their answers were scored and averaged to obtain a well-being number between 1 and 6, with higher values indicating a strong sense of purpose in life.




Their cognitive health was tracked using a telephone-based test every two years.

The researchers noted the study has many strengths, including the size of the population studied. However, a key limitation is that although there was an association, the study did not prove higher levels of purpose caused the lowered rates of dementia.

Findings support role of psychological well-being

Still, the findings support the idea that psychological well-being plays a key role in healthy aging, said Thomas Wingo, a co-author of the study and a professor and neurologist at UC Davis Health. Wingo hopes future studies will explore whether purpose-building interventions can help prevent dementia.

"What's exciting about this study is that people may be able to 'think' themselves into better health. Purpose in life is something we can nurture," he said. "It's never too early -- or too late -- to start thinking about what gives your life meaning."
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Autism may be the price of human intelligence | ScienceDaily

About one in 31 (3.2%) children in the United States has been identified with Autism Spectrum Disorder. Globally, the World Health Organization estimates that around one in 100 children have autism. From an evolutionary perspective, many scientist believe that autism and schizophrenia may be unique to humans. It is very rare to find behaviors associated with the disorders in non-human primates. In addition, behaviors associated with those disorders generally involve cognitive traits like speech production and comprehension that are either unique to or much more sophisticated in humans.

With the development of single cell RNA-sequencing, it became possible to define specific cell types across the brain. As investigators published more large-scale datasets, it became clear that the mammalian brain contains a staggering array of neuronal cell types. In addition, large-scale sequencing studies have identified extensive genetic changes in the brain unique to Homo sapiens -- genomic elements that did not change much in mammalian evolution in general but evolved rapidly in humans.

While previous investigations found that some cell types have remained more consistent throughout evolution than others, the factors driving these differences in evolutionary rate remain unknown. Researchers here investigated recently published cross-species single-nucleus RNA sequencing datasets from three distinct regions of the mammalian brain. They found that the most abundant type of outer-layer brain neurons, L2/3 IT neurons, evolved exceptionally quickly in the human lineage compared to other apes. Surprisingly, this accelerated evolution was accompanied by dramatic changes in autism-associated genes, which was likely driven by natural selection specific to the human lineage. The researchers here explain that although the results strongly suggest natural selection for Autism Spectrum Disorder-associated genes, the reason why this conferred fitness benefits to human ancestors is unclear.

Answering this is difficult because we do not know what human-specific features of cognition, brain anatomy, and neuronal wiring gave human ancestors a fitness advantage, but the investigators here speculate that many of these genes are associated with developmental delay, so their evolution could have contributed to the slower postnatal brain development in humans compared to chimpanzees. Furthermore, the capacity for speech production and comprehension unique to humans is often affected by autism and schizophrenia.

It's possible that the rapid evolution of autism-linked genes conferred a fitness advantage by slowing postnatal brain development or increasing the capacity for language; the lengthier brain development time in early childhood was beneficial to human evolution because it led to more complex thinking.

"Our results suggest that some of the same genetic changes that make the human brain unique also made humans more neurodiverse," said the paper's lead author, Alexander L. Starr.
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Cocoa supplements show surprising anti-aging potential | ScienceDaily
Could cocoa extract supplements rich in cocoa flavanols reduce inflammation and, in turn, prevent age-related chronic diseases? In a new study from the COcoa Supplement and Multivitamin Outcomes Study (COSMOS), investigators from Mass General Brigham and their colleagues looked at changes in five age-related markers of inflammation among participants who received daily cocoa supplements over several years. They found that hsCRP -- an inflammatory marker that can signal increased risk of cardiovascular disease -- decreased in participants taking the cocoa extract supplement, suggesting its anti-inflammatory potential may help explain its heart-protective effects. Their results are published in Age and Ageing.


						
Nutritional interventions have become an increasingly attractive solution for slowing inflammatory aging, so called "inflammaging." Cocoa extract has been shown in previous, smaller studies to reduce inflammatory biomarkers, thanks to flavanols -- small, bioactive compounds found not only in the cocoa bean but also berries, grapes, tea, and other plant-based foods. To bridge the gap between these studies and humans, researchers launched the large-scale COSMOS trial, which examines the effects of cocoa extract on cardiovascular disease, and whether inflammaging may explain those effects.

"Our interest in cocoa extract and inflammaging started on the basis of cocoa-related reductions in cardiovascular disease," said corresponding author Howard Sesso, ScD, MPH, associate director of the Division of Preventive Medicine and associate epidemiologist at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "We also appreciate the important overlap between healthy aging and cardiovascular health, where aging-related inflammation can harden arteries and lead to cardiovascular disease. Because of that, we wanted to see whether multi-year cocoa extract supplementation versus a placebo could modulate inflammaging -- and the data suggests it does."

Between 2014 and 2020, Brigham and Women's Hospital led the COSMOS trial, a large-scale, randomized, double-blind, placebo-controlled clinical trial with 21,442 participants over 60 years old, finding that cocoa extract supplementation decreased cardiovascular disease mortality by 27%.

In this new study, researchers collected and analyzed blood samples of 598 COSMOS participants to measure several inflammaging biomarkers: three pro-inflammatory proteins (hsCRP, IL-6, and TNF-a), one anti-inflammatory protein (IL-10), and one immune-mediating protein (IFN-g). Comparing changes in these biomarkers measured at baseline, 1, and 2 years follow-up, hsCRP levels decreased by 8.4% each year compared with placebo, while the other biomarkers remained relatively consistent or increased modestly.

"Interestingly, we also observed an increase in interferon-g, an immune-related cytokine, which opens new questions for future research," said senior author Yanbin Dong, MD/PhD, Director of the Georgia Prevention Institute (GPI) and cardiologist/population geneticist at the Medical College of Georgia/Augusta University. "While cocoa extract is not a replacement for a healthy lifestyle, these results are encouraging and highlight its potential role in modulatingi nflammation as we age.

The decrease in hsCRP may help explain the cardio-protective effects seen with cocoa extract supplement in the larger COSMOS trial, where participants experienced a reduction in cardiovascular disease death. Researchers said that changes in the other inflammaging markers, including a small reduction in IL-6 observed in female but not male participants, warrant additional study. The team will continue to evaluate the COSMOS trial to determine whether the cocoa -- and multivitamin -- regimens can curb more severe inflammaging, as well as other important aging-related health outcomes.




"This study calls for more attention to the advantage of plant-based foods for cardiovascular health, including cocoa products rich in flavanols," added Sesso. "It reinforces the importance of a diverse, colorful, plant-based diet -- especially in the context of inflammation."

Authorship: In addition to Sesso, Mass General Brigham authors include Sidong Li, Rikuta Hamaya, Allison Clar, Pamela M. Rist, and JoAnn E. Manson. In addition to Dong, Augusta University authors include Haidong Zhu and Ying Huang.

Disclosures: Manson and Sesso received investigator-initiated grants from Mars Edge, a segment of Mars Incorporated dedicated to nutrition research and products, for infrastructure support and donation of COSMOS study pills and packaging, and Pfizer Consumer Healthcare (now Haleon) for donation of COSMOS study pills and packaging during the conduct of the study. Sesso additionally reported receiving investigator-initiated grants from Pure Encapsulations, American Pistachio Growers, and Haleon, and honoraria and/or travel for lectures from the Council for Responsible Nutrition, BASF, Haleon, and NIH during the conduct of the study. No other authors reported any conflicts of interests for this study

Funding: This work is supported by the National Institutes of Health (HL157665). The COcoa Supplement and Multivitamin Outcomes Study (COSMOS) is supported by an investigator-initiated grant from Mars Edge, a segment of Mars dedicated to nutrition research and products, which included infrastructure support and the donation of study pills and packaging. Pfizer Consumer Healthcare (now Haleon) provided support through the partial provision of study pills and packaging. COSMOS is also supported in part by the National Institutes of Health (AG050657, AG071611, and EY025623). Neither company had a role in the trial design or conduct, data collection, data analysis, or manuscript preparation or review.
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Four strange secrets scientists just found in beer and wine | ScienceDaily
Scientists regularly uncork fresh insights into beer and wine -- even though they were invented thousands of years ago. Four recent discoveries go beyond buzz and bouquet, diving into the haziness and gluten content of beer as well as the astringent taste and potential health impacts of wine. Sip back and learn more about research published in ACS' Journal of Agricultural and Food Chemistry.


						
1. Yeast extracts add haze to lager beer.

Hazy beer styles are becoming more popular, and their namesake characteristic usually comes from tiny particles made of barley proteins and hop polyphenols. Alternatively, to produce haziness, researchers have added yeast extracts to two brands of clear lager. The additions made both beverages extremely cloudy because of interactions between ribonucleic acids (RNA) in the extract and proteins in the beer. The researchers say that yeast RNA extracts could be another way to create desirable haziness levels.

2. Lateral flow test detects gluten in beer, food.

People who want or need to avoid gluten should know whether their drinks are safe to consume. A new lateral flow strip detects this protein in food and drinks, and it is sensitive to concentrations from 0 to more than 20 parts per million (ppm). The strip's three lines indicate four ranges below the U.S. Food and Drug Administration's gluten-free limit (20 ppm), showing results in less than three minutes with 98% accuracy. Researchers demonstrated the device's effectiveness using real-world samples, including foods labeled gluten-free and a gluten-containing beer.

3. Tannins in red wine make you pucker.

A recent small-scale study examined why red wine has an astringent taste, often described as drying or lip-puckering. Trained tasting panelists rated red wines with higher tannin content as more astringent. The researchers found that tannins act like a lid for the tiny aquaporin channels in the tongue and salivary glands, letting water exit more than it enters. They say this discovery helps explain red wine's drying mouthfeel and enhances the understanding of beverages' perceived characteristics.

4. Wine sulfites change the gut microbiome.

Sulfites help wine last longer but can cause headaches or digestive issues for some people. So, researchers studied in lab tests how sulfites added to wine and an ethanol-containing liquid affect gut bacteria. They passed the samples through a three-stage process meant to mimic human digestion. After digestion, samples with sulfites contained lower amounts of some beneficial bacteria and greater amounts of bacteria related to negative health effects than before digestion. However, the changes were less in the real wine samples, which the researchers say suggests compounds, such as polyphenols, in wine offered slight protection
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        A century-old piano mystery has just been solved
        Scientists confirmed that pianists can alter timbre through touch, using advanced sensors to capture micro-movements that shape sound perception. The discovery bridges art and science, promising applications in music education, neuroscience, and beyond.

      

      
        How gaslighting tricks the brain into questioning reality
        Gaslighting, often seen as a form of manipulation, has now been reframed by researchers at McGill University and the University of Toronto as a learning process rooted in how our brains handle prediction and surprise. Instead of merely being explained through outdated psychodynamic theories, this new model highlights how trust and close relationships can be exploited by manipulators who repeatedly undermine a person's confidence in their own reality.

      

      
        This ultra-thin solar tech could power everything from phones to skyscrapers
        A team in Sweden has unraveled the hidden structure of a promising solar material using machine learning and advanced simulations. Their findings could unlock durable, ultra-efficient solar cells for a rapidly electrifying world.

      

      
        Viral apple cider vinegar weight loss study retracted for flawed science
        BMJ Group has pulled a widely reported apple cider vinegar weight-loss study after experts uncovered major flaws in its data and analysis. Attempts to replicate the results failed, and irregularities raised questions about the trial's reliability. The authors admitted mistakes and agreed to the retraction, while editors stressed the importance of transparency and warned against citing the discredited findings.

      

      
        Before they sucked blood, leeches were ocean hunters
        A 430-million-year-old fossil has rewritten leech history, showing they are at least 200 million years older than previously believed. Unlike today's bloodsucking leeches, their ancient ancestors likely hunted small marine animals using a tail sucker rather than piercing skin.

      

      
        Saturn's icy moon Enceladus just revealed stunning new clues to life
        Fresh analysis of Cassini data has revealed new complex organic molecules inside ice grains spewing from Enceladus. These discoveries strengthen the case that the moon's underground ocean hosts chemistry similar to life's building blocks on Earth. Scientists now believe Enceladus could be habitable, and plans are underway for a European mission to sample its surface and jets.

      

      
        The billion-year reign of fungi that predated plants and made Earth livable
        Fungi may have shaped Earth's landscapes long before plants appeared. By combining rare gene transfers with fossil evidence, researchers have traced fungal origins back nearly a billion years earlier than expected. These ancient fungi may have partnered with algae, recycling nutrients, breaking down rock, and creating primitive soils. Far from being silent background players, fungi were ecosystem engineers that prepared Earth's surface for plants, fundamentally altering the course of life's histo...

      

      
        Scientists just solved Uranus' coldest mystery
        For decades, Uranus baffled scientists because it seemed to have no internal heat. Now, new computer modeling shows the planet actually emits more energy than it receives from the Sun. This subtle warmth suggests Uranus' story is more complex than previously thought, offering fresh clues about its violent past and about exoplanets similar in size.

      

      
        Webb spots first hints of atmosphere on a potentially habitable world
        Astronomers using the James Webb Space Telescope are unraveling the mysteries of TRAPPIST-1e, an Earth-sized exoplanet 40 light years away that could harbor liquid water. Early data suggests hints of an atmosphere, but much remains uncertain. Researchers have already ruled out a hydrogen-rich primordial atmosphere, pointing instead to the possibility of a secondary atmosphere that could sustain oceans or ice.

      

      
        A plant compound might be the secret weapon against gum disease
        A team of researchers tested morin, a plant compound, against gum disease bacteria and found strong antimicrobial benefits. By encapsulating it in polymers, they created a powdered form for oral hygiene products. This could replace antibiotics, avoid side effects from existing treatments, and help vulnerable patients maintain oral health.

      

      
        Scientists may be closing in on dark matter's true identity
        The LUX-ZEPLIN detector is breaking new ground in the hunt for dark matter, setting unprecedented limits on WIMP particles. Its results not only narrow the possibilities for dark matter but also open exciting paths toward other rare physics discoveries.

      

      
        Scientists just found the strongest signs of life on Mars yet
        Perseverance rover data shows Jezero Crater once held a calm lake, leaving behind mudstones rich in organic-linked minerals. The presence of iron-phosphate and iron-sulfide nodules suggests processes resembling microbial activity on Earth. Scientists caution that only Earth-based labs can confirm their true origin, but the samples collected may hold the strongest evidence yet of ancient Martian life.

      

      
        Pollen holds a secret that could save honeybees
        Scientists have discovered that pollen is a hidden source of natural medicine for honeybees. Symbiotic bacteria called Streptomyces produce antimicrobial compounds that fight deadly bee and plant pathogens. Bees collect these bacteria along with pollen and store them in hives, creating a natural defense system. This could lead to new, sustainable ways of protecting both pollinators and crops.

      

      
        New rocket fuel compound packs 150% more energy
        A new boron-rich compound, manganese diboride, delivers much higher energy density than current solid-rocket materials while remaining stable until intentionally ignited. Its power comes from an unusual, strained atomic structure formed during ultra-hot synthesis, with promising uses beyond propulsion.

      

      
        First living cochlea outside the body shows how hearing really works
        Scientists have kept a tiny slice of cochlea alive outside the body, directly witnessing how hair cells amplify sound. The finding confirms a universal principle of hearing and could pave the way for long-sought treatments for hearing loss.

      

      
        The hidden forces inside diamonds that could make tech 1,000x faster
        A team of physicists has discovered that virtual charges, which exist only during brief interactions with light, play a critical role in ultrafast material responses. Using attosecond pulses on diamonds, they showed these hidden carriers significantly influence optical behavior. The findings could accelerate the development of petahertz-speed devices, unlocking a new era of ultrafast electronics.

      

      
        This tiny butterfly has the most chromosomes of any animal on Earth
        Scientists have confirmed that the Atlas blue butterfly carries the most chromosomes of any animal, with 229 pairs. Unlike duplication, its chromosomes split apart, reshaping its genome in surprising ways. This discovery sheds light on evolution, conservation, and even cancer research.

      

      
        Astronomers stunned as fiery auroras blaze on a planet without a star
        The James Webb Telescope has revealed fierce auroras, storms, and unchanging sand-like clouds on the rogue planet SIMP-0136. These insights are pushing the boundaries of our understanding of alien atmospheres and exoplanet weather.

      

      
        Hubble finds a hybrid galaxy with a mysterious and violent past
        Hubble has captured a striking new image of NGC 2775, a galaxy that defies easy classification. Blending features of spirals, ellipticals, and lenticulars, its puzzling structure may be the result of past galactic mergers.

      

      
        Earth was born dry until a cosmic collision made it a blue planet
        Scientists have shown that Earth's basic chemistry solidified within just three million years of the Solar System's formation. Initially, the planet was barren and inhospitable, missing water and carbon compounds. A colossal collision with Theia likely changed everything, bringing the essential ingredients for life. The study highlights that habitability may hinge on rare chance events.

      

      
        Black hole discovery confirms Einstein and Hawking were right
        A fresh black hole merger detection has offered the clearest evidence yet for Einstein's relativity and Hawking's predictions. Scientists tracked the complete cosmic collision, confirming that black holes are defined by mass and spin. They also gained stronger proof that a black hole's event horizon only grows, echoing thermodynamic laws. The results hint at deeper connections between gravity, entropy, and quantum theory.

      

      
        Fossils in germany reveal a Jurassic sea monster with a swordfish snout
        Scientists have named a new ichthyosaur, Eurhinosaurus mistelgauensis, from fossils found in Mistelgau, Germany. The marine reptile had a dramatic overbite similar to swordfish and unique skeletal traits that set it apart from other species. The discovery underscores Mistelgau's global significance as a Jurassic fossil site, with more studies underway to uncover how these animals lived and thrived.

      

      
        Heisenberg said it was impossible. Scientists just proved otherwise
        Researchers have reimagined Heisenberg's uncertainty principle, engineering a trade-off that allows precise measurement of both position and momentum. Using quantum computing tools like grid states and trapped ions, they demonstrated sensing precision beyond classical limits. Such advances could revolutionize navigation, medicine, and physics, while underscoring the global collaboration driving quantum research.

      

      
        Miscarriages, down syndrome, and infertility all linked to this hidden DNA process
        Human fertility hinges on a delicate molecular ballet that begins even before birth. UC Davis researchers have uncovered how special protein networks safeguard chromosomes as eggs and sperm form, ensuring genetic stability across generations. Using yeast as a model, they revealed how crossovers between chromosomes are protected for decades in female eggs, preventing errors that could lead to infertility, miscarriage, or conditions like Down syndrome.

      

      
        Fruit might be the surprising key to healthier lungs
        Eating more fruit could help protect lungs from air pollution damage, particularly in women. Researchers point to antioxidants and anti-inflammatory compounds in fruit as possible defenses against harmful airborne particles.

      

      
        Doctors tested a common drug on COVID. The results are stunning
        Inhaled heparin significantly lowers the risk of death and ventilation in COVID-19 patients while also showing potential against other respiratory infections. With its unique triple-action benefits, it could serve as a powerful and accessible treatment worldwide.

      

      
        Junk food can scramble memory in just 4 days
        Scientists discovered that high-fat junk food disrupts memory circuits in the brain almost immediately. Within just four days, neurons in the hippocampus became overactive, impairing memory. Restoring glucose calmed the neurons, showing that interventions like fasting or dietary shifts can restore brain health. This could help prevent obesity-related dementia and Alzheimer's.

      

      
        The accidental discovery that forged the Iron Age
        Ancient copper smelters may have accidentally set the stage for the Iron Age. At a 3,000-year-old workshop in Georgia, researchers discovered that metalworkers were using iron oxide not to smelt iron but to improve copper yields. This experimentation shows how curiosity with materials could have sparked one of history's greatest technological leaps, turning iron from a rare celestial metal into the backbone of empires and industry.

      

      
        Why "dry" oil wells aren't really empty
        Oil wells often dry up far earlier than predicted, leaving companies baffled about the "missing" reserves. A Penn State team tackled this puzzle by harnessing PSC's Bridges-2 supercomputer, adding a time dimension and amplitude analysis to traditional seismic data. Their findings revealed hidden rock structures blocking oil flow, meaning reserves weren't gone--they were trapped.

      

      
        Autism may be the price of human intelligence
        Researchers discovered that autism's prevalence may be linked to human brain evolution. Specific neurons in the outer brain evolved rapidly, and autism-linked genes changed under natural selection. These shifts may have slowed brain development in children while boosting language and cognition. The findings suggest autism is part of the trade-off that made humans so cognitively advanced.

      

      
        Cocoa supplements show surprising anti-aging potential
        Daily cocoa extract supplements reduced key inflammation markers in older adults, pointing to a role in protecting the heart. The findings reinforce the value of flavanol-rich, plant-based foods for healthier aging.

      

      
        Four strange secrets scientists just found in beer and wine
        Beer and wine, staples of human history for millennia, are still yielding new surprises. Recent research highlights how yeast extracts can cloud lagers, gluten can be quickly detected with a simple test strip, tannins give red wine its lip-puckering edge, and sulfites alter gut bacteria in unexpected ways. These discoveries not only deepen our understanding of these drinks' sensory qualities but also hint at implications for health and brewing innovation.

      

      
        Hidden Alzheimer's warning signs found in Parkinson's patients without dementia
        Researchers in Japan discovered that Parkinson's patients diagnosed in their 80s are far more likely to show signs of amyloid buildup, a hallmark of Alzheimer's, even without dementia symptoms. The study compared younger and older patients, finding that older individuals had three times the rate of amyloid positivity. Surprisingly, Parkinson's patients overall showed lower amyloid buildup than healthy people their age, suggesting that Parkinson's might change the way Alzheimer's-related processes...

      

      
        How the brain decides which moments you'll never forget
        Boston University researchers found that ordinary moments can gain staying power if they're connected to significant emotional events. Using studies with hundreds of participants, they showed that the brain prioritizes fragile memories when they overlap with meaningful experiences. This could help explain why we recall certain details surrounding big events and may lead to new ways of boosting learning and treating memory disorders.

      

      
        What happens to your body when you eat too many ultra-processed foods
        Ultra-processed foods make up the bulk of U.S. diets, and new research links high intake to inflammation, a predictor of heart disease. People consuming the most UPFs were far more likely to show elevated hs-CRP levels, especially older adults, smokers, and those with obesity. Scientists warn that UPFs may contribute to cancer and other chronic illnesses, urging stronger health policies despite pushback from powerful food companies.

      

      
        Mysterious "quantum echo" in superconductors could unlock new tech
        Researchers have discovered an unusual "quantum echo" in superconducting materials, dubbed the Higgs echo. This phenomenon arises from the interplay between Higgs modes and quasiparticles, producing distinctive signals unlike conventional echoes. By using precisely timed terahertz radiation pulses, the team revealed hidden quantum pathways that could be used to encode and retrieve information.

      

      
        Scientists just found rare spores inside a fossil older than dinosaurs
        Scientists reclassified a long-misunderstood fossil from Brazil as a new genus, Franscinella riograndensis. Using advanced microscopy, they discovered spores preserved in situ--a rare find that links fossil plants to microfossil records. The breakthrough reshapes knowledge of Permian ecosystems and highlights the power of revisiting classic fossils with new tools.

      

      
        Scientists uncover how to block pain without side effects
        Scientists have discovered a way to block pain while still allowing the body's natural healing to take place. Current painkillers like ibuprofen and aspirin often come with harmful side effects because they shut down both pain and inflammation. But this new research identified a single "pain switch" receptor that can be turned off without interfering with inflammation, which actually helps the body recover.

      

      
        Tiny stones rewrite Earth's evolution story
        Scientists have uncovered an unexpected witness to Earth's distant past: tiny iron oxide stones called ooids. These mineral snowballs lock away traces of ancient carbon, revealing that oceans between 1,000 and 541 million years ago held far less organic carbon than previously thought. This discovery challenges long-standing theories linking carbon levels, oxygen surges, and the emergence of complex life.

      

      
        A pink bumpy snailfish was just discovered miles beneath the ocean
        Scientists have identified three new species of deep-sea snailfish, including the strikingly pink "bumpy snailfish," thanks to MBARI's advanced technology and global collaborations. Found thousands of meters below the surface off California, these elusive fish demonstrate remarkable adaptations for life under crushing pressure and darkness.

      

      
        Biochar's secret power could change clean water forever
        Scientists found that biochar doesn't just capture pollutants, it actively destroys them using direct electron transfer. This newly recognized ability accounts for up to 40% of its cleaning power and remains effective through repeated use. The discovery opens the door to cheaper, greener, and more efficient water treatment methods worldwide.

      

      
        Toxic waste could become the next clean energy breakthrough
        Bio-tar, once seen as a toxic waste, can be transformed into bio-carbon with applications in clean energy and environmental protection. This innovation could reduce emissions, create profits, and solve a major bioenergy industry problem.

      

      
        Hidden "electron highways" beneath our feet could revolutionize pollution cleanup
        Electrons flow underground in ways far more extensive than once believed, forming networks that link distant chemical zones. Minerals, organic molecules, and specialized bacteria can act as bridges, creating long-distance electron highways. These discoveries hold promise for pollution cleanup strategies, remote remediation, and protecting ecosystems. Scientists now see the subsurface as an interconnected redox system with exciting practical potential.

      

      
        Hidden galaxy bursting with baby stars, X-ray fireworks, and cosmic energy
        Although this spiral galaxy appears unremarkable from afar, NGC 7456 is bursting with newborn stars and glowing gas, providing researchers with insight into galactic evolution.

      

      
        The surprising new particle that could finally explain dark matter
        Physicists are eyeing charged gravitinos--ultra-heavy, stable particles from supergravity theory--as possible Dark Matter candidates. Unlike axions or WIMPs, these particles carry electric charge but remain undetectable due to their scarcity. With detectors like JUNO and DUNE, researchers now have a chance to spot their unique signal, a breakthrough that could link particle physics with gravity.

      

      
        Cambridge scientists created a gel that could end arthritis pain
        Cambridge scientists have created a breakthrough material that can sense tiny chemical changes in the body, such as the increased acidity during an arthritis flare-up, and release drugs exactly when and where they're needed. By mimicking cartilage while delivering medication, this smart gel could ease pain, reduce side effects, and provide continuous treatment for millions of arthritis sufferers.
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A century-old piano mystery has just been solved | ScienceDaily
A research group led by Dr. Shinichi Furuya of the NeuroPiano Institute and Sony Computer Science Laboratories, Inc. announced research findings that for the first time scientifically clarified how pianists' manipulations of keys alters piano timbre.


						
Creativity in painting, music, and other arts is underpinned by the ability to create diverse perceptual experiences for audiences. However, whether timbre could actually be changed mid-instrumental performance, and what physical motor skills would be required to do so, remained unclear.

The research group developed a unique sensor system that can measure piano key movements at a temporal resolution of 1,000 fps, and measured key movements when professional pianists expressed various timbres on the piano. The results revealed that listeners could distinguish the pianists' intended timbres, regardless of whether or not they had any piano performance training experience. The group further successfully identified the key movement features that produce these timbre differences.

This discovery addresses the over century-old question, "Can pianists alter timbre through touch?" by demonstrating that timbre manipulation through touch cultivated by pianists is not a mere sensory metaphor but a scientifically backed skill. These findings open the possibility of visualizing and teaching specific movement features that produce timbre, which would lead to more efficient practice and prevention of mislearning. They also reveal that high-level body motor control shapes artistic perception, suggesting potential applications across various disciplines, including rehabilitation, skill transfer, and human interface design.

These research findings were published in the international scientific journal Proceedings of the National Academy of Sciences (PNAS) on September 22, 2025.

These results were obtained through the following program, research area, and research theme:

JST Strategic Basic Research Program (CREST) Research Area: Core Technologies for Trusted Quality AI Systems (Research Supervisor: Akiko Aizawa, Professor, Digital Content and Media Sciences Research Division, National Institute of Informatic, Research Organization of Information and Systems) Research Theme: Building a Trusted Explorable Recommendation Foundation Technology Research Director: Masataka Goto (Prime Senior Researcher, AIST) Research Period: October 2020 -- March 2026

Moonshot Research & Development Program (MOONSHOT) Research Area: Realization of a society in which human beings can be free from limitations of body, brain, space, and time by 2050 (Research Supervisor: Norihiro Hagita, Chair and Professor, Art Science Department, Osaka University of Arts) Research Theme: Liberation from Biological Limitations via Physical, Cognitive and Perceptual Augmentation Research Director: Ryota Kanai (Director, Corporate Planning & Innovation Co-Creation Unit, Advanced Telecommunications Research Institute International (ATR)) Research Period: October 2020 -- March 2026




Background and History of the Research

Musicians and other performing artists, surgeons, traditional craftsmen and others considered experts in various fields acquire their skills through years of extensive training. In particular, in the performing arts, it has long been thought that the mastering of physical motor skills that produce diverse perceptions is essential for embodying creativity. For instance, while pitch and volume in instrumental performance clearly depend on manipulation of the instrument, there had been no scientific evidence for cases where "an instrument that should produce a certain sound produces a different timbre" -- a phenomenon that was widely believed possible among performers and educators. This question was discussed regarding the piano in Nature magazine in the early 20th century, but systematic perceptual experiments and data analysis had not been carried out to date, leaving the question unanswered. Thus, the means for acquiring skills that produce diverse expressions remained unknown, and problems during this process -- such as misrecognition of personal limitations and risk of injury or disability arising during skill-acquisition training -- persisted. An evidence-based understanding of the mechanisms of technical skill is essential for humans and systems to be able to recommend appropriate training methods, and for the resulting recommendations to be trusted by learners and teachers.

Background and History of the Research

A research team from the NeuroPiano Institute and Sony Computer Science Laboratories (Sony CSL) revealed that the timbral qualities pianists intended to express were conveyed to listeners, and that the high-precision control of fingertip movement was involved.

The research group used Hackkey, their proprietary high-precision non-contact sensor system, to measure the movements of all 88 keys at 1,000 fps (1 ms temporal precision) and 0.01 mm spatial resolution. This apparatus analyzed keyboard movements when 20 internationally renowned pianists performed with the intent to produce diverse timbral qualities, including bright/dark and light/heavy.

Additionally, the team carried out a psychophysical experiment, with 40 participants -- including pianists and individuals with no musical experience -- who listened to the recorded performances. The results revealed that the pianists' intended timbres were consistently perceived by the listeners, regardless of their musical experience. The listeners who were pianists, in particular, were able to distinguish timbral differences with greater sensitivity. This timbral discernment was found to be possible even when controlling for volume and tempo, factors previously thought to influence timbral perception.




Data analysis using a linear mixed-effects (LME) model revealed that contributions to timbral differences are concentrated in a limited set of movement features (e.g., acceleration during escapement, deviation in hand synchronization). It was further experimentally confirmed that notes played by varying only one of these features were perceived by listeners as having a different timbre, providing the first empirical evidence of a causal relationship between key movement and timbre.

These findings have the following significance for musicians and educators:
    	    Building a technical foundation to support artistic creativity:This research quantifies the "tacit knowledge" of how pianists produce timbre, paving the way for understanding an artist's expressive intent and developing new educational methods and technologies that will maximize it. Furthermore, proving that the manipulation of timbre through touch cultivated by artists is a scientifically grounded skill rather than a mere sensory metaphor makes it possible to efficiently learn and acquire the skills to create timbral expressions -- which had been difficult to verbalize in instruction to date -- by applying it to recommendation systems that present the appropriate movement features to learners.
    
    	    Illuminating the biological mechanisms that produce higher-order perception: The phenomenon in which the same sound can be perceived differently indicates advanced integration of human sensory and motor systems. This research clarifies how dexterous motor control produces higher-order perception and aesthetic experiences, opening new avenues for interdisciplinary research in neuroscience, psychology, and arts studies, and holds additional promise for applications across multiple fields, including skill transfer, rehabilitation, and human interface design.
    

Future Developments

This research has clarified the relationship between key movement features and piano timbre, suggesting the possibility for explicitly acquiring a repertoire of movements that can produce a diverse palette of perceptions. This is essential for recommending evidence-based body use and practice methods in physical education for the performing arts, and for empowering both teachers and learners to pursue learning with confidence. While perception research has until now focused mainly on lower-level perceptual information such as pitch, loudness, and rhythm, the advance of future research into timbre and other higher-level perceptual information is expected to lead to clarification of the underlying brain information processing mechanisms, as well as the development of training methods that skillfully utilize advanced technologies. Moreover, the thrill of using one's body to improve and achieve something that was once impossible is something that is shared across disciplines beyond music performance, including sports, cooking, painting, and even surgery. This research holds promise for generating ripple effects across multiple disciplines.

The involvement of science and technology in music learning has lagged behind significantly, compared to that in fields such as sports and medicine. As a result, many artists all over the world have long been beset with the problem of embodying artistic expression and creativity while being constrained by physical and mental limitations. The knowledge regarding the foundational skills for producing diverse expressions provided by this research will contribute to the creation of a future society where artists are liberated from physical and mental constraints and can fully embody their creativity. This will be achieved through the establishment of a new evidence-based form of music education grounded in dynaformics, the science of music performance.
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How gaslighting tricks the brain into questioning reality | ScienceDaily
Gaslighting could happen to anyone who trusts the wrong person, a McGill University researcher says.


						
Willis Klein, a PhD candidate in the Department of Psychology, was part of a team from McGill and the University of Toronto that developed a new theoretical model with which to understand how manipulators are able to make their targets question their sense of reality over a period of time.

Though gaslighting has been a popular topic of discussion in the public sphere for the last few years, it has not been thoroughly investigated from a scientific point of view, according to the researcher.

Klein is lead author of a paper that suggests gaslighting can be viewed as a learning process, using the concept of prediction error minimization (PEM). PEM describes how the mind maps out the input it receives from the world, and strives, based on this information, to predict the future, adjust its expectations and respond to the environment. Up to now, gaslighting has mostly been examined through a psychodynamic lens, but that analytical framework is no longer widely used in North American scientific psychology, he said.

Klein conducted this work as a member of the McGill Laboratory of Affiliation and Prosociality led by Professor Jennifer Bartz. Suzanne Wood of the University of Toronto also was part of the research team. The three are co-authors of the paper.

Gaslighting as a learning process

"When you trust or you love somebody, you expect them to behave in a particular way. Gaslighters, in our view, are behaving in an atypical way, one that is somewhat surprising, and they're making use of that surprise to direct the learning of the people they target," explained Klein.




In addition to behaving in a way that violates your expectations, a gaslighter will, according to the researcher, suggest that the cause of your surprise has something to do with your general grip of reality, making you feel what he calls "epistemically incompetent."

"This is repeated over and over, until the target has really integrated the idea that they don't actually have a good grasp on reality," said Klein.

The role of trust and close others

The model also relies on the idea that we depend on others -- especially close others -- to form our sense of self and reality. This, combined with the view of gaslighting as a learning process, means that anyone could fall victim to gaslighting, according to Klein.

"In our model there's not necessarily anything specific about the target of gaslighting that makes them particularly vulnerable to it. In essence, it could happen to anyone, so long as they're trusting the wrong person," he explained.

Klein said he thinks future inquiries into this subject could, however, reveal that some personal characteristics can affect a person's susceptibility to being gaslit, like certain attachment styles or a history of trauma. He said he hopes future research can also validate various components of the model and lead to better support for people who have been victims of gaslighting.

About the study

"A Theoretical Framework for Studying the Phenomenon of Gaslighting," by Willis Klein, Suzanne Wood and Jennifer A. Bartz was published in Personality and Social Psychology Review.

The research was supported by the Fonds de Recherche du Quebec -- Societe et Culture (FRQSC), the Natural Sciences and Engineering Council of Canada (CRSNG) and the Social Science and Humanities Research Council of Canada (SSHRC).
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This ultra-thin solar tech could power everything from phones to skyscrapers | ScienceDaily
Global electricity use is increasing rapidly and must be addressed sustainably. Developing new materials could give us much more efficient solar cell materials than at present; materials so thin and flexible that they could encase anything from mobile phones or entire buildings. Using computer simulation and machine learning, researchers at Chalmers University of Technology in Sweden have now taken an important step towards understanding and handling halide perovskites, among the most promising but notoriously enigmatic materials.


						
Electricity use is constantly increasing globally and, according to the International Energy Agency, its proportion of the world's total energy consumption is expected to exceed 50 percent in 25 years, compared to the current 20 percent.

"To meet the demand, there is a significant and growing need for new, environmentally friendly and efficient energy conversion methods, such as more efficient solar cells. Our findings are essential to engineer and control one of the most promising solar cell materials for optimal utilization. It's very exciting that we now have simulation methods that can answer questions that were unresolved just a few years ago," says Julia Wiktor, the study's principal investigator and an associate professor at Chalmers.

Promising materials for efficient solar cells

Materials lying within a group called halide perovskites are considered the most promising for producing cost-effective, flexible and lightweight solar cells and optoelectronic devices such as LED bulbs, as they absorb and emit light extremely efficiently. However, perovskite materials can degrade quickly and knowing how best to utilize them requires a deeper understanding of why this happens and how the materials work.

Scientists have long struggled to understand one particular material within the group, a crystalline compound called formamidinium lead iodide. It has outstanding optoelectronic properties. Greater use of the material has been hampered by its instability but this can be solved by mixing two types of halide perovskites. However, more knowledge is needed about the two types so that researchers can best control the mixture.

The key to material design and control

A research group at Chalmers can now provide a detailed account of an important phase of the material that has previously been difficult to explain by experiments alone. Understanding this phase is key to being able to design and control both this material and mixtures based on it. The study was recently published in Journal of the American Chemical Society.




"The low-temperature phase of this material has long been a missing piece of the research puzzle and we've now settled a fundamental question about the structure of this phase," says Chalmers researcher Sangita Dutta.

Machine learning contributed to the breakthrough

The researchers' expertise lies in building accurate models of different materials in computer simulations. This allows them to test the materials by exposing them to different scenarios and these are confirmed experimentally.

Nevertheless, modelling materials in the halide perovskite family is tricky, as capturing and decoding their properties requires powerful supercomputers and long simulation times.

"By combining our standard methods with machine learning, we're now able to run simulations that are thousands of times longer than before. And our models can now contain millions of atoms instead of hundreds, which brings them closer to the real world," says Dutta.

Lab observations match the simulations

The researchers identified the structure of formamidinium lead iodide at low temperatures. They could also see that the formamidinium molecules get stuck in a semi-stable state while the material cools. To ensure that their study models reflect reality, they collaborated with experimental researchers at the University of Birmingham. They cooled the material to -- 200degC to ensure their experiments matched the simulations.




"We hope the insights we've gained from the simulations can contribute to how to model and analyse complex halide perovskite materials in the future," says Erik Fransson, at the Department of Physics at Chalmers.

More about the research:

The article "Revealing the Low Temperature Phase of FAPbI3 using A Machine-Learned Potential" was published in Journal of the American Chemical Society on 14th August 2025 and was written by Sangita Dutta, Erik Fransson, Tobias Hainer, Benjamin M. Gallant, Dominik J. Kubicki, Paul Erhart and Julia Wiktor. The researchers are all members of the Department of Physics at Chalmers University of Technology, except for Gallant and Kubicki, who are from the School of Chemistry, University of Birmingham.

The research was supported by the Swedish Foundation for Strategic Research, the Swedish Energy Agency, the Swedish Research Council, the European Research Council, the Knut and Alice Wallenberg Foundation and the Nano Area of Advance at Chalmers University of Technology. The calculations were facilitated by resources from the National Academic Infrastructure for Supercomputing in Sweden (NAISS) at C3SE.
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Viral apple cider vinegar weight loss study retracted for flawed science | ScienceDaily
BMJ Group has retracted research suggesting that small daily quantities of apple cider vinegar might help people who are overweight or obese to lose weight.


						
The small clinical trial was published in the open access journal BMJ Nutrition, Prevention & Health in March 2024 and its findings press released. The study findings generated widespread international attention at the time, and continue to be frequently referred to in media coverage.

The retraction was prompted by concerns raised about the quality of the work, including the approach to statistical analysis of the data; implausible statistical values; the reliability of the raw data; inadequate reporting of methods; and lack of prospective trial registration, which breaches BMJ Group's editorial policy.

Initially, concerns were raised in critiques of the study, some of which were published as letters in the journal. But after review by BMJ Group's content integrity team, the study was referred to statistical experts to evaluate its reliability. This included attempts to replicate the results and examine the authenticity of the underlying data supplied by the authors.

It wasn't possible for the statisticians to replicate the results and multiple analytical errors were identified. There were also irregularities in the data set, and their report, which is appended to the retraction notice, concluded that the data collected from each participant would require further independent scrutiny.

The authors said that the identified errors were honest mistakes, but they agree with the decision to retract the study.

Dr Helen Macdonald, Publication Ethics and Content Integrity Editor at BMJ Group, said: "Tempting though it is to alert readers to an ostensibly simple and apparently helpful weight loss aid, at present the results of the study are unreliable, and journalists and others should no longer reference or use the results of this study in any future reporting."

She added: "This retraction reflects our strategic and proactive approach to investigating concerns raised about the content we publish. We act where necessary in the interests of openness and the importance of correcting the scientific record.




"While we deal with allegations as swiftly as possible, it's very important that due process is followed. Investigations are often complex. This one involved detailed scrutiny of data and correspondence with researchers, institutions, and other experts, for example. Reaching a sound and fair and final decision can therefore take several months."

Commenting on the decision to publish the study despite the lack of trial registration, Professor Martin Kohlmeier, editor in chief of BMJ Nutrition Prevention & Health, explained: "In hindsight, this was the wrong decision to make. But the authors come from a scientific environment that is underrepresented in nutritional research and the journal aims to prioritise high quality evidence, which usually comes from clinical trials.

"These are relatively unusual in nutritional research as they can be challenging to undertake because of the numbers of participants and time needed to obtain meaningful results."
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Before they sucked blood, leeches were ocean hunters | ScienceDaily
A newly described fossil reveals that leeches are at least 200 million years older than scientists previously thought, and that their earliest ancestors may have feasted not on blood, but on smaller marine creatures.


						
"This is the only body fossil we've ever found of this entire group," said Karma Nanglu, a paleontologist with the University of California, Riverside. He collaborated with researchers from the University of Toronto, University of Sao Paulo, and Ohio State University on a paper describing the fossil, which is now published in PeerJ.

Roughly 430 million years old, the fossil includes a large tail sucker -- a feature still found in modern leeches -- along with a segmented, teardrop-shaped body. But one important feature isn't found in this fossil: the forward sucker that many of today's leeches use to pierce skin and draw blood.

This absence, along with the fossil's marine origin, suggests a very different early lifestyle for the group known as Hirudinida. Rather than sucking blood from mammals, reptiles, and other vertebrates, the earliest leeches may have roamed the oceans, consuming soft-bodied invertebrates whole or feeding on their internal fluids.

"Blood feeding takes a lot of specialized machinery," Nanglu said. "Anticoagulants, mouthparts, and digestive enzymes are complex adaptations. It makes more sense that early leeches were swallowing prey whole or maybe drinking the internal fluids of small, soft-bodied marine animals."

Previously, scientists believed leeches emerged about 150-200 million years ago. That timeline has now been pushed back by at least 200 million years, thanks to the fossil found in the Waukesha biota, a geological formation in Wisconsin known for preserving the bodies of soft tissue animals that usually decay before fossilization.

Preserving a leech fossil is no small feat. Leeches lack bones, shells, or exoskeletons that are most easily preserved over millions of years. Fossils like this require exceptional circumstances to preserve, often involving near-immediate burial, a low-oxygen environment, and unusual geochemical conditions.




"A rare animal and just the right environment to fossilize it -- it's like hitting the lottery twice," Nanglu said.

The fossil came to light during a broader study of the Waukesha site by researchers at Ohio State University, who are co-authors on this paper. Though initially unrecognized for what it was, the specimen caught Nanglu's eye during the early pandemic years.

He consulted with leech specialists, including lead author Danielle de Carle of the University of Toronto, and the group worked together to confirm its identity. They were ultimately convinced they'd found a leech because of the tail sucker and the clear body segmentation, which is a combination only found in leeches.

Today's leeches are found in freshwater, saltwater, and even on land. Their feeding behaviors are equally diverse, from scavenging to predation to parasitic blood feeding. But understanding their origin has been difficult because soft-bodied animals rarely leave fossils.

Nanglu, who studies creatures rarely found in the fossil record, said the find is part of a larger effort to trace the early history of complex life, and to challenge assumptions about the past.

"We don't know nearly as much as we think we do," he said. "This paper is a reminder that the tree of life has deep roots, and we're just beginning to map them."

"It's a beautiful specimen," Nanglu added. "And it's telling us something we didn't expect."
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Saturn's icy moon Enceladus just revealed stunning new clues to life | ScienceDaily
Scientists digging through data collected by the Cassini spacecraft have found new complex organic molecules spewing from Saturn's moon Enceladus. This is a clear sign that complex chemical reactions are taking place within its underground ocean. Some of these reactions could be part of chains that lead to even more complex, potentially biologically relevant molecules.


						
Published on October 1 in Nature Astronomy, this discovery further strengthens the case for a dedicated European Space Agency (ESA) mission to orbit and land on Enceladus.

In 2005, Cassini found the first evidence that Enceladus has a hidden ocean beneath its icy surface. Jets of water burst from cracks close to the moon's south pole, shooting ice grains into space. Smaller than grains of sand, some of the tiny pieces of ice fall back onto the moon's surface, whilst others escape and form a ring around Saturn that traces Enceladus's orbit.

Lead author Nozair Khawaja explains what we already knew: "Cassini was detecting samples from Enceladus all the time as it flew through Saturn's E ring. We had already found many organic molecules in these ice grains, including precursors for amino acids.

The ice grains in the ring can be hundreds of years old. As they have aged, they may have been 'weathered' and therefore altered by intense space radiation. Scientists wanted to investigate fresh grains ejected much more recently to get a better idea of what exactly is going on in Enceladus's ocean.

Fortunately, we already had the data. Back in 2008, Cassini flew straight through the icy spray. Pristine grains ejected only minutes before hit the spacecraft's Cosmic Dust Analyzer (CDA) instrument at about 18 km/s. These were not only the freshest ice grains Cassini had ever detected, but also the fastest.

The speed mattered. Nozair explains why:

"The ice grains contain not just frozen water, but also other molecules, including organics. At lower impact speeds, the ice shatters, and the signal from clusters of water molecules can hide the signal from certain organic molecules. But when the ice grains hit CDA fast, water molecules don't cluster, and we have a chance to see these previously hidden signals."




It took years to build up knowledge from previous flybys and then apply it to decipher this data. But now, Nozair's team has revealed what kind of molecules were present inside the fresh ice grains.

They saw that certain organic molecules that had already been found distributed in the E ring were also present in the fresh ice grains. This confirms that they are created within Enceladus's ocean.

They also found totally new molecules that had never been seen before in ice grains from Enceladus. For the chemists reading, the newly detected molecular fragments included aliphatic, (hetero)cyclic ester/alkenes, ethers/ethyl and, tentatively, nitrogen- and oxygen-bearing compounds.

On Earth, these same molecules are involved in the chains of chemical reactions that ultimately lead to the more complex molecules that are essential for life.

"There are many possible pathways from the organic molecules we found in the Cassini data to potentially biologically relevant compounds, which enhances the likelihood that the moon is habitable," says Nozair.

"There is much more in the data that we are currently exploring, so we are looking forward to finding out more in the near future."

Co-author Frank Postberg adds: "These molecules we found in the freshly ejected material prove that the complex organic molecules Cassini detected in Saturn's E ring are not just a product of long exposure to space, but are readily available in Enceladus's ocean."




Nicolas Altobelli, ESA Cassini project scientist adds: "It's fantastic to see new discoveries emerging from Cassini data almost two decades after it was collected. It really showcases the long-term impact of our space missions. I look forward to comparing data from Cassini with data from ESA's other missions to visit the icy moons of Saturn and Jupiter."

Returning to Enceladus

Discoveries from Cassini are valuable for planning a future ESA mission dedicated to Enceladus. Studies for this ambitious mission have already begun. The plan is to fly through the jets and even land on the moon's south polar terrain to collect samples.

A team of scientists and engineers is already considering the selection of modern scientific instruments that the spacecraft would carry. This latest result made using CDA will help guide that decision.

Enceladus ticks all the boxes to be a habitable environment that could support life: the presence of liquid water, a source of energy, a specific set of chemical elements and complex organic molecules. A mission that takes measurements directly from the moon's surface, seeking out signs of life, would offer Europe a front seat in Solar System science.

"Even not finding life on Enceladus would be a huge discovery, because it raises serious questions about why life is not present in such an environment when the right conditions are there," says Nozair.
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The billion-year reign of fungi that predated plants and made Earth livable | ScienceDaily

The five paths to a complex world

Professor Gergely J. Szollosi, author on this study and head of the Model-Based Evolutionary Genomics Unit at OIST explains the foundations of this research. "Complex multicellular life -- organisms made of many cooperating cells with specialized jobs -- evolved independently in five major groups: animals, land plants, fungi, red algae, and brown algae. On a planet once dominated by single-celled organisms, a revolutionary change occurred not once, but at least five separate times: the evolution of complex multicellular life. Understanding when these groups emerged is fundamental to piecing together the history of life on Earth."

Emergence here was not simply a matter of cells clumping together; it was the dawn of organisms, where cells took on specialized jobs and were organized into distinct tissues and organs, much like in our own bodies. This evolutionary leap required sophisticated new tools, including highly developed mechanisms for cells to adhere to one another and intricate systems for them to communicate across the organism, and arose independently in each of the five major groups.

The difficulties of dating evolutionary divergence

For most of these groups, the fossil record acts as a geological calendar, providing anchor points in deep time. For example, red algae show up possibly as early as about 1.6 billion years ago (in candidate seaweed-like fossils from India); animals appear by around 600 million years ago (Ediacaran fossils such as the quilted pancake like Dickinsonia); land plants take root roughly 470 million years ago (tiny fossil spores); and brown algae (kelp-like forms) diversified tens to hundreds of millions of years later still. Based on this evidence, a chronological picture of life's complexity emerges.

There is, however, a notable exception to this fossil-based timeline: fungi. The fungal kingdom has long been an enigma for paleontologists. Their typically soft, filamentous bodies mean they rarely fossilize well. Furthermore, unlike animals or plants, which appear to have a single origin of complex multicellularity, fungi evolved this trait multiple times from diverse unicellular ancestors, making it difficult to pinpoint a single origin event in the sparse fossil record.




Reading the genetic clock

To overcome the gaps in the fungal fossil record, scientists use a "molecular clock." The concept is that genetic mutations accumulate in an organism's DNA at a relatively steady rate over generations, like the ticking of a clock. By comparing the number of genetic differences between two species, researchers can estimate how long ago they diverged from a common ancestor.

However, a molecular clock is uncalibrated; it can reveal relative time but not absolute years. To set the clock, scientists need to calibrate it with "anchor points" from the fossil record. Given the scarcity of fungal fossils, this has always been a major challenge. The OIST-led team addressed this by incorporating a novel source of information: rare gene "swaps" between different fungal lineages, a process known as horizontal gene transfer (HGT).

Prof. Szollosi explains this concept. "While genes are normally passed down "vertically" from parent to child, HGT is like a gene jumping "sideways" from one species to another. These events provide powerful temporal clues," he says. "If a gene from lineage A is found to have jumped into lineage B, it establishes a clear rule: the ancestors of lineage A must be older than the descendants of lineage B."

By identifying 17 such transfers, the team established a series of "older than/younger than" relationships that, alongside fossil records, helped to tighten and constrain the fungal timeline.

A new history for an ancient kingdom

The analysis suggests a common ancestor of living fungi dating to roughly 1.4-0.9 billion years ago -- well before land plants. That timing supports a long prelude of fungi-algae interactions that helped set the stage for life on land.




Co-first author on this study, Dr. Lenard L. Szantho, emphasizes the importance of these findings. "Fungi run ecosystems -- recycling nutrients, partnering with other organisms, and sometimes causing disease. Pinning down their timeline shows fungi were diversifying long before plants, consistent with early partnerships with algae that likely helped pave the way for terrestrial ecosystems."

This revised timeline fundamentally reframes the story of life's colonization of land. It suggests that for hundreds of millions of years before the first true plants took root, fungi were already present, likely interacting with algae in microbial communities. This long, preparatory phase may have been essential for making Earth's continents habitable. By breaking down rock and cycling nutrients, these ancient fungi could have been the first true ecosystem engineers, creating the first primitive soils and fundamentally altering the terrestrial environment. In this new view, plants did not colonize a barren wasteland, but rather a world that had been prepared for them over eons by the ancient and persistent activity of the fungal kingdom.

About the authors

This work grew from the OIST Model-Based Evolutionary Genomics Unit, co-led by Prof. Gergely J. Szollosi and Dr. Eduard Ocana-Pallares, with Dr. Lenard L. Szantho and Zsolt Merenyi as first authors. They teamed up with colleagues across Europe, including Professor Laszlo G. Nagy's group, which includes Zsolt Merenyi, at the HUN-REN Biological Research Centre in Szeged, Hungary -- a team known for fungal evolutionary genomics and the evolution of multicellularity. Further collaborators on this study include Prof. Philip Donoghue, who heads the University of Bristol's Paleobiology Group, UK, and Prof. Toni Gabaldon, of the Institute for Research in Biomedicine (IRB) and the Barcelona Supercomputing Centre (BSC), Spain, an expert in comparative genomics.
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Scientists just solved Uranus' coldest mystery | ScienceDaily
For millennia, astronomers thought Uranus was no more than a distant star. It wasn't until the late 18th century that Uranus was universally accepted as a planet. To this day, the ringed, blue world subverts scientists' expectations, but new NASA research helps puzzle out some of the world's mystique.


						em>    
	However, with advanced computer modeling and a new look at old data, scientists think the planet may actually be warmer than previously expected.
For millennia, astronomers thought Uranus was no more than a distant star. It wasn't until the late 18th century that Uranus was universally accepted as a planet. To this day, the ringed, blue world subverts scientists' expectations, but new NASA research helps puzzle out some of the world's mystique.

Uranus is unlike any other planet in our solar system. It spins on its side, which means each pole directly faces the Sun for a continuous 42-year "summer." Uranus also rotates in the opposite direction of all planets except Venus. Data from NASA's Voyager 2 Uranus flyby in 1986 also suggested the planet is unusually cold inside, challenging scientists to reconsider fundamental theories of how planets formed and evolved throughout our solar system.

"Since Voyager 2's flyby, everybody has said Uranus has no internal heat," said Amy Simon, a planetary scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "But it's been really hard to explain why that is, especially when compared with the other giant planets."

These Uranus projections came from only one up-close measurement of the planet's emitted heat made by Voyager 2: "Everything hinges on that one data point," said Simon. "That is part of the problem."

Now, using an advanced computer modeling technique and revisiting decades of data, Simon and a team of scientists have found that Uranus does in fact generate some heat, as they reported in the Monthly Notices of the Royal Astronomical Society journal.

A planet's internal heat can be calculated by comparing the amount of energy it receives from the Sun to the amount it of energy it releases into space in the form of reflected light and emitted heat. The solar system's other giant planets -- Saturn, Jupiter, and Neptune -- emit more heat than they receive, which means the extra heat is coming from inside, much of it left over from the high-energy processes that formed the planets 4.5 billion years ago. The amount of heat a planet exudes could be an indication of its age: the less heat released relative to the heat absorbed from the Sun, the older the planet is.




Uranus stood out from the other planets because it appeared to give off as much heat as it received, implying it had none of its own. This puzzled scientists. Some hypothesized that perhaps the planet is much older than all the others and has cooled off completely. Others proposed that a giant collision -- the same one that may have knocked the planet on its side -- blasted out all of Uranus' heat. But none of these hypotheses satisfied scientists, motivating them to solve Uranus' cold case.

"We thought, 'Could it really be that there is no internal heat at Uranus?'" said Patrick Irwin, the paper's lead author and professor of planetary physics at the University of Oxford in England. "We did many calculations to see how much sunshine is reflected by Uranus and we realized that it is actually more reflective than people had estimated."

The researchers set out to determine Uranus' full energy budget: how much energy it receives from the Sun compared to how much it reflects as sunlight and how much it emits as heat. To do this, they needed to estimate the total amount of light reflected from the planet at all angles. "You need to see the light that's scattered off to the sides, not just coming straight back at you," Simon said.

To get the most accurate estimate of Uranus' energy budget yet, Oxford researchers developed a computer model that brought together everything known about Uranus' atmosphere from decades of observations from ground- and space-based telescopes, including NASA's Hubble Space Telescope and NASA's Infrared Telescope Facility in Hawaii. The model included information about the planet's hazes, clouds, and seasonal changes, all of which affect how sunlight is reflected and how heat escapes.

The researchers found that Uranus releases about 15% more energy than it receives from the Sun, a figure that is similar to another recent estimate from a separate study funded in part by NASA that was published July 14 in Geophysical Research Letters. These studies suggest Uranus it has its own heat, though still far less than its neighbor Neptune, which emits more than twice the energy it receives.

"Now we have to understand what that remnant amount of heat at Uranus means, as well as get better measurements of it," Simon said.

Unraveling Uranus' past is useful not only for mapping the timeline of when solar system planets formed and migrated to their current orbits, but it also helps scientists better understand many of the planets discovered outside the solar system, called exoplanets, a majority of which are the same size as Uranus.
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Webb spots first hints of atmosphere on a potentially habitable world | ScienceDaily
University of Bristol astrophysicists are helping shed new light on an Earth-sized exoplanet 40 light years away where liquid water in the form of a global ocean or icy expanse might exist on its surface.


						
That would only be possible if an atmosphere is present - a big mystery the scientists are attempting to unravel and now even closer to solving using the largest telescope in Space.

Deploying NASA's JWST, the researchers have reached these discoveries as part of a major international project which is probing the atmosphere and surface of TRAPPIST-1e, also more simply known as planet e in the system, orbiting within the habitable zone of red dwarf star TRAPPIST-1.

Exoplanets are highly varied planets which orbit stars outside the solar system. Planet e is of particular interest because the presence of liquid water - not too hot or cold - is theoretically viable, but only if the planet has an atmosphere.

Researchers aimed JWST's powerful NIRSpec (Near-Infrared Spectrograph) instrument at the system as planet e passed in front of its star. Starlight passing through the planet's atmosphere, if there is one, will be partially absorbed and the corresponding dips in the light spectrum that reaches JWST tell astronomers what chemicals are found there. With each additional transit, the atmospheric contents become clearer.

Initial results, published in two scientific papers in the journal Astrophysical Journal Letters, indicate several potential scenarios, including the possibility of an atmosphere.

Dr Hannah Wakeford, Associate Professor in Astrophysics at the University of Bristol, is a leading member of the JWST Transiting Exoplanet team who helped design the observational set-up for the telescope to ensure scientists obtain vital data.




Dr Wakeford said: "What we have found with JWST in these first four observations helps refine the earlier Hubble measurements and reveals there might now be hints of an atmosphere, but we cannot yet rule out the possibility there is nothing to detect."

"JWST's infrared instruments are providing unprecedented detail, helping us understand much more about what determines a planet's atmosphere and surface environment, and what they're composed of. It's incredibly exciting to be peeling back the curtain of these fascinating other worlds, measuring the details of starlight around Earth-sized planets to ascertain what it might be like, and if life could be possible. Through a careful process of elimination and comparison we're uncovering great new insights."

Although various possibilities remain open for planet e, the researchers are confident the planet does not have its original atmosphere.

Co-author of both studies, Dr David Grant, a former Senior Research Associate at the University of Bristol, explained: "The findings also further rule out the presence of a primordial hydrogen-based atmosphere. This is the gaseous envelope, mainly comprising hydrogen, that surrounded a planet in its early stages of formation. Such atmospheres are believed to be common for both giant planets and terrestrial planets in the early solar system."

Dr Wakeford added: "Since TRAPPIST-1 is a very active star, with frequent flares, it's not surprising that any hydrogen-helium atmosphere the planet may have formed would be stripped off by stellar radiation. Many planets, including Earth, build up a heavier secondary atmosphere after losing their primary atmosphere. It is possible planet e was never able to do this and doesn't have a secondary atmosphere, but there's an equal chance one does exist."

The presence of a secondary atmosphere means liquid water could also exist on the surface and if that's the case, researchers understand it would be accompanied by a greenhouse effect, akin to that of planet Earth, in which various gases, especially carbon dioxide, keep the atmosphere stable and the planet warm.




The second paper details work on the theoretical interpretation and lead author Dr Ana Glidden, a post-doctoral researcher at Massachusetts Institute of Technology, explained: "It is unlikely the atmosphere of planet e is dominated by carbon dioxide, like the thick atmosphere of Venus and the thin atmosphere of Mars. But it's also important to note there are no direct parallels with our solar system. TRAPPIST-1 is a very different star from our Sun, and the planetary system around it is also distinct."

Dr Wakeford added: "A little greenhouse effect can go a long way and the new measurements do not rule out sufficient carbon dioxide to sustain some liquid water on the surface. The liquid water could take the form of a global ocean, or cover a smaller area of the planet where the star is at perpetual noon, surrounded by ice. This would be possible because, owing to TRAPPIST-1's planets' sizes and close orbits to their star, they are all tidally locked, with one side always facing the star and the other side in perpetual darkness."

Next steps in the research will involve further detailed observations, comparing data from another exoplanet - planet b - orbiting closest to TRAPPIST-1 in order to make more revelations.

One of the principal investigators of the research team focused on TRAPPIST-1e Dr Nestor Espinoza, an Associate Astronomer and Mission Scientist for Exoplanet Science at the the Space Telescope Science Institute (STScI) in Baltimore, Maryland, said: "Webb's infrared instruments are giving us more detail than we've ever had access to before, and the initial four observations we've been able to make of planet e are showing us what we will have to work with when the rest of the information comes in."

The JWST is the world's premier space science observatory, capable of observing distant worlds and stars, and probing the mysterious structures of our universe. It is an international programme led by NASA, the European Space Agency, and the Canadian Space Agency.

The project is part of the JWST-TST DREAMS program, led by Dr Nikole Lewis, Associate Professor of Astronomy at Cornell University in the US city Ithaca, New York. This international project involves more than 30 scientists from the UK, USA, and India, five of whom are members or former members of Dr Wakeford's team. It includes the breakthrough detection of Quartz clouds in the atmosphere of a hot exoplanet, as shown in a recent study, led by Dr Grant and co-authored by Dr Wakeford.
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A plant compound might be the secret weapon against gum disease | ScienceDaily
A powder based on morin, a natural compound extracted from plants such as guava leaves, apple and fig peels, certain teas, and almonds, has shown antimicrobial, anti-inflammatory, and antioxidant effects against bacteria that cause periodontal disease. It is expected that the substance, released in a controlled manner through polymers, will help with nonsurgical treatments as an alternative to antibiotics for controlling microorganisms.


						
In in vitro laboratory studies, researchers at the Araraquara School of Dentistry at Sao Paulo State University (FOAr-UNESP) in Brazil tested morin on a multispecies biofilm formed by various species of bacteria that simulated the effects of the disease on patients' gums.

The results were published in the Archives of Oral Biology. The study was conducted by Luciana Solera Sales during her doctoral studies at FOAr-UNESP, under the supervision of Fernanda Lourencao Brighenti. FAPESP supported the study through a doctorate and a research internship abroad.

Other researchers involved in the study included Andreia Bagliotti Meneguin from the Faculty of Pharmaceutical Sciences of Araraquara (FCFAr) at UNESP; Hernane da Silva Barud from the University of Araraquara (UNIARA); and Michael Robert Milward from the Faculty of Dentistry at the University of Birmingham in England.

"At the moment, we have a fine powder obtained through spray drying - which is the same equipment used to make powdered milk - that can be used to make various types of oral hygiene products. The idea is to provide a platform that acts as an adjunct and can be useful, for example, for people with reduced motor skills who are unable to brush their teeth properly, such as older adults and patients with special needs," says Brighenti.

Morin was chosen because it is a natural, inexpensive, and easily accessible compound.

"Morin is a flavonoid that can be obtained from various fruits. But simply eating it isn't enough; the substance needs to be processed. The idea is to take advantage of this natural compound, its benefits, and its advantages, and transform it all so that it can be used to prevent and treat tooth decay and periodontal disease," Sales points out.




Within the research group, Brighenti has been working with other researchers to develop what she calls platforms that allow different types of substances to act on the diseases currently being studied. According to Brighenti, this is necessary because natural products generally do not dissolve well in water.

"We have a constant flow of saliva. We produce, on average, 1 milliliter of saliva per minute. Anything we put in our mouths is quickly removed by saliva, especially because it has a smell and taste, which stimulates salivary flow. When we have something that sticks to the mucous membrane of the mouth, the inside of our cheeks, and our teeth, it gives us an additional advantage. This controlled release also helps us control the toxicity and stability of the substance," the professor explains.

In the case of morin, the challenge was to optimize what the group had developed thus far, making it more appealing to potential patients while developing something scalable for the industry.

"We also aim to provide an alternative to products currently available on the market that don't meet the demand because they have some side effects reported by patients, such as taste changes and increased tartar buildup, as well as stains on the teeth with prolonged use," Brighenti adds.

"We started developing these systems in the form of tablets, films, and microparticles. But until then, they were too large and unfeasible for oral use. In my PhD, we tried to improve these products by making them smaller. That's why I developed this format, which looks like powdered milk. I prepared a solution containing sodium alginate and gellan gum to encapsulate morin in a controlled-release system, which is already widely used for drugs but isn't yet widely used in dentistry," Sales explains.

Periodontal disease occurs when there is an accumulation of biofilm or bacterial plaque, a sticky film formed by bacteria and food debris that builds up on the teeth.




Periodontitis, a severe form of periodontal disease, is considered the sixth most common chronic condition worldwide. In mild cases, bleeding may occur. As the disease progresses, it can lead to tooth loss.

Proper oral hygiene, including brushing, flossing, and using fluoride toothpaste, can considerably decrease this risk.

According to data from the World Health Organization (WHO) in 2022, nearly half of the world's population (45%) suffers from oral diseases, amounting to approximately 3.5 billion people.

The researchers plan to continue testing morin first in animal models and then in clinical studies to investigate its other properties.

"We observed with the naked eye that the in vitro biofilm treated with morin in the laboratory is less stained than when treated in its free form. So, it's possible that there's an advantage, that this system helps prevent tooth discoloration. We also need to test, for example, whether morin maintains the balance of the oral cavity, because we don't want to eliminate all bacteria from patients' mouths," says Brighenti.
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Scientists may be closing in on dark matter's true identity | ScienceDaily
Determining the nature of dark matter, the invisible substance that makes up most of the mass in our universe, is one of the greatest puzzles in physics. New results from the world's most sensitive dark matter detector, LUX-ZEPLIN (LZ), have narrowed down the possibilities for one of the leading dark matter candidates: weakly interacting massive particles (WIMPs).


						
"While we always hope to discover a new particle, it is important for particle physics that we are able to set bounds on what the dark matter might actually be," said UC Santa Barbara experimental physicist Hugh Lippincott. Scientists have suspected the existence of dark matter for decades, but it remains a mysterious substance -- one that nevertheless plays a fundamental role in the structure of the universe.

LZ hunts for dark matter from a cavern nearly one mile underground at the Sanford Underground Research Facility (SURF) in South Dakota. The experiment's new results explore weaker dark matter interactions than ever searched before and further limit what WIMPs could be. The results analyze 280 days' worth of data: a new set of 220 days (collected between March 2023 and April 2024) combined with 60 earlier days from LZ's first run. The experiment plans to collect 1,000 days' worth of data before it ends in 2028.

The inner portion of the LZ detector consists of two nested titanium tanks filled with ten tonnes of transparent pure liquid xenon, which is so dense it creates a highly isolated environment, free from the "noise" of the outside world and perfect for capturing the faintest of faint signals that could be indicative of a WIMP. The hope is for a WIMP to knock into a xenon nucleus, causing it to move, much like a hit from a cue ball in a game of pool. By collecting the light and electrons emitted during interactions, LZ captures potential WIMP signals alongside other data. This liquid xenon core is surrounded by a much larger Outer Detector (OD) -- acrylic tanks filled with gadolinium-loaded liquid scintillator.

LZ's sensitivity comes from the myriad ways the detector can reduce backgrounds, the false signals that can impersonate or hide a dark matter interaction. Deep underground, the detector is shielded from cosmic rays coming from space. To reduce natural radiation from everyday objects, LZ was built from thousands of ultraclean, low-radiation parts. The detector is built like an onion, with each layer either blocking outside radiation or tracking particle interactions to rule out dark matter mimics. And, sophisticated new analysis techniques help rule out background interactions.

UCSB was one of the founding groups in LZ, led by UCSB physicist Harry Nelson, who hosted the first LZ meeting at UCSB in 2012. The team currently consists of faculty members Lippincott and Nelson, postdoctoral researchers Chami Amarasinghe and TJ Whitis, and graduate students Jeonghwa Kim, Makayla Trask, Lindsey Weeldreyer, and Jordan Thomas. Other contributors to the result include recent Ph.D. recipient Jack Bargemann, now a postdoctoral researcher at Pacific Northwest National Laboratory, and former undergraduate researcher; Tarun Advaith Kumar, now a graduate student at the Perimeter Institute. The physics coordinator for the result was Scott Haselschwardt, who received his Ph.D. from UCSB in 2018 and is now an assistant professor at the University of Michigan.

Neutrons, subatomic particles that exist in every atom save hydrogen, are among the most common confounders of WIMP signals. Nelson and UCSB led the design, fabrication, and commissioning of the OD, the critical component that allows the collaboration to rule out these particles and enable a real discovery.




"The tricky thing about neutrons is that they also interact with the xenon nuclei, giving off a signal identical to what we expect from WIMPs," Trask said. "The OD is excellent at detecting neutrons, and confirms a WIMP detection by not having any response." Presence of a pulse in the OD can veto an otherwise perfect candidate for a WIMP detection.

Radon is also a WIMP mimic, for which the scientists must be vigilant. "Radon undergoes a particular sequence of decays, some of which could be mistaken for WIMPs," Bargemann said. "One of the things we were able to do in this run was look out for the whole set of decays in the detector to identify the radon and avoid confusing them for WIMPs."

To enable a strong result and eliminate unconscious bias, the LZ collaboration applied a technique called "salting," which adds fake WIMP signals during data collection. By camouflaging the real data until "unsalting" at the very end, researchers can avoid unconscious bias and keep from overly interpreting or changing their analysis.

"We're pushing the boundary into a regime where people have not looked for dark matter before," said Haselschwardt. "There's a human tendency to want to see patterns in data, so it's really important when you enter this new regime that no bias wanders in. If you make a discovery, you want to get it right."

With these results, the field of possibilities for what WIMPs may be has narrowed dramatically, allowing all scientists searching for dark matter to better focus their searches and reject incorrect models of how the universe operates. It's a long game, with more data collection in the future and one that will do more than accelerate the search for dark matter.

"Our experiment is also sensitive to rare events with roots in diverse areas of physics," Amarasinghe said. "Some examples are solar neutrinos, the fascinating decays of certain xenon isotopes, and even other types of dark matter. With the intensity of this result behind us, I'm very excited to spend more time on these searches."

"The UCSB Physics Department has a long history of devising searches for dark matter, starting with one of the first published results of a search in 1988," Nelson said. Previous faculty members include David Caldwell (now deceased), and Michael Witherell, now director of the Lawrence Berkeley Laboratory. David Hale (now retired) pioneered many of the techniques for suppressing fake dark matter signals which are now employed throughout the field of dark matter searches. "UCSB, through the Physics Department, the College of Letters and Science, the administration, and through private donations, has strongly supported the dark matter effort for decades, and made substantial contributions to LZ."

LZ is a collaboration of roughly 250 scientists from 38 institutions in the United States, United Kingdom, Portugal, Switzerland, South Korea, and Australia; much of the work building, operating, and analyzing the record-setting experiment is done by early career researchers. The collaboration is already looking forward to analyzing the next data set and extending our data analysis techniques to seek signals from lower-mass dark matter. Scientists are also thinking through potential upgrades to further improve LZ, and planning for a next-generation dark matter detector called XLZD.

LZ is supported by the U.S. Department of Energy, Office of Science, Office of High Energy Physics and the National Energy Research Scientific Computing Center, a DOE Office of Science user facility. LZ is also supported by the Science & Technology Facilities Council of the United Kingdom; the Portuguese Foundation for Science and Technology; the Swiss National Science Foundation, and the Institute for Basic Science, Korea. More than 38 institutions of higher education and advanced research provided support to LZ. The assistance of the Sanford Underground Research Facility has at all times been critical for UCSB efforts to LZ.
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Scientists just found the strongest signs of life on Mars yet | ScienceDaily
A new study suggests a habitable past and signs of ancient microbial processes on Mars -- and Imperial scientists provided crucial context.


						
Led by NASA and featuring key analysis from Imperial College London, the work has uncovered a range of minerals and organic matter in Martian rocks that point to an ancient history of habitable conditions and potential biological processes on the Red Planet.

An international team, including researchers from the Department of Earth Science and Engineering (ESE) at Imperial, propose that these geological features within the so-called Bright Angel formation in Mars's Jezero Crater are closely connected to organic carbon, and could be a compelling potential biosignature of past life.

Professor Sanjeev Gupta, Professor of Earth Science in ESE, and Academic Co-director of Imperial Global India, said: "This is a very exciting discovery of a potential biosignature but it does not mean we have discovered life on Mars. We now need to analyze this rock sample on Earth to truly confirm if biological processes were involved or not."

Promising signs

A core component of NASA's Mars 2020 mission, the Perseverance Rover has been exploring the 45-kilometre-wide Jezero Crater since 2021, a site chosen because it once held a huge lake and a river delta - environments that are considered prime targets in the search for signs of past life. Its key goal is to collect and store the first set of selected rock and soil samples that will be brought back to Earth for detailed analysis.

The new study, published in Nature, focuses on a distinctly light-toned outcrop in the crater, dubbed 'Bright Angel', located within an ancient river valley which provided water to the Jezero lake.




While driving through the valley, called Neretva Vallis, Perseverance came across a thick succession of fine-grained mudstones and muddy conglomerates. Here, it conducted a detailed analysis of these rocks, using instruments such as the Planetary Instrument for X-ray Lithochemistry (PIXL) and Scanning Habitable Environments with Raman & Luminescence for Organics & Chemicals (SHERLOC).

An unexpected lake

By mapping the types and distributions of different sedimentary rocks at Bright Angel, ESE researchers (including Professor Gupta and Dr Robert Barnes, a Research Associate in ESE, who were both funded by the UK Space Agency), were able to reconstruct the environment in which these mudstones were deposited.

Their analysis revealed a range of sedimentary structures and textures indicative of lake margin and lake bed environments, including a composition rich in minerals like silica and clays - the opposite to a river scenario, where fast-moving water would carry these tiny particles away.

This pointed to a surprising conclusion: they had found lake deposits in the bottom of a river valley.

Co-author Alex Jones, a PhD researcher in ESE and collaborating scientist with the NASA Perseverance team, who has conducted a detailed analysis of the ancient lake environment, said: "This is unusual but very intriguing, as we wouldn't expect to find such deposits in Neretva Vallis. What our sedimentological and stratigraphic work has done is indicate a past, low-energy lake environment - and that is precisely the kind of habitable environment we have been looking for on the mission."

The finding may suggest a period in the history of Jezero Crater where the valley itself was flooded, giving rise to this potentially habitable lake.




Alex, who is an Imperial President's Scholar and did his undergraduate degree in Earth and Planetary Science at ESE, added: "I'm thrilled to be involved in such a discovery and contributing to Perseverance operations during my PhD. It's also pretty cool to apply my terrestrial geologic field experience I gained as a student to investigate such an exciting unit at Jezero!"

Compelling context

With the lake habitat scenario pinned down, the Perseverance science team turned their attention to the mudstones themselves. It was inside these rocks that they discovered a group of tiny nodules and reaction fronts, with chemical analysis revealing that these millimeter-scale structures are highly enriched in iron-phosphate and iron-sulfide minerals (likely vivianite and greigite).

These appear to have formed through redox reactions involving organic carbon, a process that could have been driven by either abiotic or - interestingly - biological chemistry. Importantly, this sets the stage for everything that happened next: the formation of this specific type of oxidized, iron- and phosphorus-rich sediment was the essential prerequisite for creating the ingredients for subsequent reactions.

Since these ingredients mirror by-products of microbial metabolism seen on Earth, it can be considered a compelling potential biosignature, raising the possibility that there was once microbial life on Mars.

A question for Earth labs

Ultimately, the only way for the true origin of these structures to be determined is by returning the samples to Earth, a possibility that rests on when future missions will manage to successfully collect the samples from Mars' surface.

Fortunately, Perseverance has already drilled and cached a core sample from the Bright Angel outcrop, named 'Sapphire Canyon', which, along with others collected by the rover, is awaiting the Mars Sample Return mission - a joint NASA-ESA endeavour aiming to bring them to Earth in the 2030s.

Once in terrestrial laboratories, samples like Sapphire Canyon will be analyzed with instruments far more sensitive than those on the rover by scientists from around the world. Only then will we determine the precise origin of these features and whether they are the result of unique abiotic chemistry, or constitute evidence of past microbial life on Mars.

"This discovery is a huge step forward - the samples we helped characterize are among the most convincing we have," said Professor Gupta.

"The work was an impressive international effort and highlights the power of collaboration and advanced robotics in planetary exploration."

Matthew Cook, Head of Space Exploration at the UK Space Agency, said: "This exciting discovery represents a significant step forward in our understanding of Mars and the potential for ancient life beyond Earth. The chemical signatures identified in these Martian rocks are the first of their kind to potentially reflect biological processes that we see on Earth and provide more compelling evidence that Mars may have once harboured the conditions necessary for microbial life.

"Professor Sanjeev Gupta and his team at Imperial College London, supported through UK Space Agency funding, have made an invaluable contribution to this ground-breaking research, demonstrating the world-leading UK exploration science by leading the establishment of the geological context for the research.

"While we must remain scientifically cautious about definitive claims of ancient life, these findings represent the most promising evidence yet discovered. The upcoming Rosalind Franklin Mars rover mission, built here in the UK, will be crucial in helping us answer whether samples similar to those observed in this study represent genuine biological processes, bringing us closer to answering: are we alone in the Universe?"
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Pollen holds a secret that could save honeybees | ScienceDaily
A honeybee hive, with its large stores of pollen, wax, and honey, is like a fortress guarding treasure: with strong defenses, but a bonanza for enemies that can overcome those. More than 30 parasites of honeybees are known, spanning protists, viruses, bacteria, fungi, and arthropods - and this number keeps growing. As a result, beekeepers are always on the lookout for new ways to protect their precious hives.


						
A team of researchers from the US suspected that a rich new source of ecofriendly treatments for bee diseases might be hiding in plain sight: in the pollen gathered by bees. They reasoned that so-called endophytes, symbiotic bacteria and fungi living inside most plant tissues, should benefit when their hosts are pollinated. This could be an incentive for these microbes to evolve compounds that keep their host's pollinators healthy.

And now, they have shown their hunch to be correct.

"We found that the same beneficial bacteria occur in pollen stores of honeybee colonies and on pollen of nearby plants," said Dr Daniel May, a faculty member at Washington College in Maryland, US, and the corresponding author of a study in Frontiers in Microbiology.

"We also show that these bacteria produced similar antimicrobial compounds that kill pathogens of bees and plants, making them a great starting point for new treatments of crops and hives."

Precious pollen

May and colleagues homed in on bacteria from the phylum actinobacteria, the source of two-thirds of the antibiotics currently in clinical use. Between April and June 2021, they collected pollen from 10 native plant species in the Lakeshore Nature Preserve at the University of Wisconsin -- Madison. They also collected pollen from the stores of a nearby honeybee hive.




The authors isolated 16 strains of actinobacteria from plants, and 18 strains from pollen stores inside the hive. DNA barcoding and genome sequencing revealed that the same or closely related species occurred in both types of samples. The majority (72%) belonged to the genus Streptomyces, the source of many compounds used in medicine and agriculture, for example as antibiotics or as anticancer and antiparasitic drugs. Some of the closest relatives of the Streptomyces species found here are currently under study elsewhere as potential sources of compounds against diseases of crop plants.

The authors then conducted 'competition assays', where known pathogens were grown together with the Streptomyces isolated here. Nearly all of these proved to be effective inhibitors of the mold Aspergillus niger, which can cause a honeybee disease called stonebrood. Individual strains also proved moderately to strongly active against two bacterial pathogens of honeybees, Paenibacillus larvae and Serratia marcescens, and against three pathogens of crops, Erwinia amylavora, Pseudomonas syringae, and Ralstonia solanaceum.

'Whisked back to the hive'

"We isolated the same Streptomyces bacteria from flowers, pollen-covered bees leaving flowers, and hives. We conclude from our results that endophytic actinobacteria on pollen grains are picked up by pollinating bees and whisked back to hive pollen stores, where they help to defend the colony against disease," said May.

The authors found clear evidence in the genome of the sequenced species that they were indeed endophytes, rather than living in a loose, haphazard association with plants. They possessed genes encoding enzymes that allow Streptomyces to colonize plant tissue, produce hormones to boost the growth of their host, or scavenge metals around roots.

The results confirmed that a great variety of interesting bioactive compounds remain to be discovered in endophytes, many of which could help us to keep honeybees healthy. They also suggest that a landscape rich in plant species is beneficial for bees, as it ensures a greater diversity of actinobacterial endophytes available to them.

"In the future, treating bee diseases could be a matter of simply introducing the right beneficial bacteria into hives to help control specific pathogens," concluded May.
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New rocket fuel compound packs 150% more energy | ScienceDaily
University at Albany chemists have created a new high-energy compound that could revolutionize rocket fuel and make space flights more efficient. Upon ignition, the compound releases more energy relative to its weight and volume compared to current fuels. In a rocket, this would mean less fuel required to power the same flight duration or payload and more room for mission-critical supplies. Their study was published in the Journal of the American Chemical Society.


						
"In rocket ships, space is at a premium," said Assistant Professor of Chemistry Michael Yeung, whose lab led the work. "Every inch must be packed efficiently, and everything onboard needs to be as light as possible. Creating more efficient fuel using our new compound would mean less space is needed for fuel storage, freeing up room for equipment, including instruments used for research. On the return voyage, this could mean more space is available to bring samples home."

The newly synthesized compound, manganese diboride (MnB2), is over 20% more energetic by weight and about 150% more energetic by volume compared to the aluminum currently used in solid rocket boosters. Despite being highly energetic, it is also very safe and will only combust when it meets an ignition agent like kerosene.

The underlying boron-based structure is also versatile; related research in the Yeung lab has demonstrated its potential to help build more durable catalytic converters for cars and serve as a catalyst for breaking down plastics.

It Takes Heat to Make Heat

Manganese diboride belongs to a class of chemical compounds thought to have unusual properties, yet exploring what exactly these properties entail has been limited by an inability to actually produce the compound.

"Diborides first started getting attention in the 1960s," said UAlbany PhD student Joseph Doane, who works with Yeung. "Since these initial looks, new technologies are allowing us to actually synthesize chemical compounds that were once only hypothesized to exist.




"Knowing what we do about the elements on the periodic table, we suspected that manganese diboride would be structurally asymmetrical and unstable -- factors which together would make it highly energetic -- but until recently, we couldn't test it because it couldn't be made. Successfully synthesizing pure manganese diboride is an exciting achievement in and of itself. And now, we can test it experimentally and discover new ways to put it to use."

Synthesizing manganese diboride requires extreme heat generated using a tool called an "arc melter." The first step involves pressing manganese and boron powders together into a pellet, which is placed in a small, reinforced glass chamber. The arc melter trains a narrow electrical current on the pellet, heating it to a scorching 3,000degC (over 5,000degF). The molten material is then rapidly cooled to lock the structure in place. At the atomic level, this process forces a central manganese atom to bond to too many other atoms, making for an overly crowded structure packed tight like a coiled spring.

3...2...1... Deformation!

When exploring new chemical compounds, being able to physically produce the compound is critical. You also need to be able to define its molecular structure, in order to better understand why it behaves the way it does.

UAlbany PhD student Gregory John, who works with computational chemist Alan Chen, built computer models to visualize manganese diboride's molecular structure. These models revealed something critical: a subtle skew, known as "deformation," which gives the compound its high potential energy.

"Our model of the manganese diboride compound looks like a cross section of an ice cream sandwich, where the outer cookies are made of a lattice structure comprised of interlocking hexagons," said John. "When you look closely, you can see that the hexagons aren't perfectly symmetrical; they're all a little skewed. This is what we call 'deformation.' By measuring the degree of deformation, we can use that measure as a proxy to determine the amount of energy stored in the material. That skew is where the energy is stored."

Here's another way to picture it.




"Imagine a flat trampoline; there's no energy there when it's flat," said Yeung. "If I put a gigantic weight in the center of the trampoline, it will stretch. That stretch represents energy being stored by the trampoline, which it will release when the object is removed. When our compound ignites, it's like removing the weight from the trampoline and the energy is released."

New Materials Need New Compounds

"There's this consensus among chemists that boron-based compounds should have unusual properties that make them behave unlike any other existing compounds," said Associate Professor of Chemistry Alan Chen. "There's an ongoing quest to figure out what those properties and behaviors are. This sort of pursuit is at the heart of materials chemistry, where creating harder, stronger more extreme materials requires forging brand-new chemicals. This is what the Yeung lab is doing -- with findings that could improve rocket fuel, catalytic converters and even processes for recycling plastics.

"This study is also a great example of the scientific process, where researchers pursue interesting chemical properties even when they're not certain what specific applications might emerge. Sometimes, present case included, the results are serendipitous."

Yeung's interest in boron compounds started when he was a grad student at the University of California, Los Angeles. His project was aiming to discover compounds harder than diamond.

"I distinctly remember the first time I made a compound related to manganese diboride," Yeung said. "There I was, holding this new material that was supposed to be super hard. Instead, it started to get hot and changed into a pretty orange color. I thought, 'Why is it orange? Why is it glowing? It shouldn't be glowing!' That's when I realized how energetic boron compounds can be. I put a pin in it to explore in the future, and that's exactly what we are working on now."
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First living cochlea outside the body shows how hearing really works | ScienceDaily
Shortly before his death in August 2025, A. James Hudspeth and his team in the Laboratory of Sensory Neuroscience at The Rockefeller University achieved a groundbreaking technological advancement: the ability to keep a tiny sliver of the cochlea alive and functional outside of the body for the first time. Their new device allowed them to capture the live biomechanics of the cochlea's remarkable auditory powers, including exceptional sensitivity, sharp frequency tuning, and the ability to encode a broad range of sound intensities.


						
"We can now observe the first steps of the hearing process in a controlled way that was previously impossible," says co-first author Francesco Gianoli, a postdoctoral fellow in the Hudspeth lab.

Described in two recent papers (in PNAS and Hearing Research, respectively), the innovation is a product of Hudspeth's five decades of work illuminating the molecular and neural mechanisms of hearing -- insights that have illuminated new paths to preventing or reversing hearing loss.

With this advance, the researchers have also provided direct evidence of a unifying biophysical principle that governs hearing across the animal kingdom, a subject Hudspeth investigated for more than a quarter-century.

"This study is a masterpiece," says biophysicist Marcelo Magnasco, head of the Laboratory of Integrative Neuroscience at Rockefeller, who collaborated with Hudspeth on some of his seminal findings. "In the field of biophysics, it's one of the most impressive experiments of the last five years."

The mechanics of hearing

Though the cochlea is a marvel of evolutionary engineering, some of its fundamental mechanisms have long remained hidden. The organ's fragility and inaccessibility -- embedded as it is in the densest bone in the body -- have made it difficult to study in action.




These challenges have long frustrated hearing researchers, because most hearing loss results from damage to sensory receptors called hair cells that line the cochlea. The organ has some 16,000 of these hair cells, so-called because each one is topped by a few hundred fine "feelers," or stereocilia, that early microscopists likened to hair. Each bundle is a tuned machine that amplifies and converts sound vibrations into electrical responses that the brain can then interpret.

It's well documented that in insects and non-vertebrate animals -- such as the bullfrogs studied in Hudspeth's lab -- a biophysical phenomenon known as a Hopf bifurcation is key to the hearing process. The Hopf bifurcation describes a kind of mechanical instability, a tipping point between complete stillness and oscillations. At this knife-edge, even the faintest sound tips the system into movement, allowing it to amplify weak signals far beyond what would otherwise register.

In the case of bullfrog cochlea, the instability is in the bundles of the sensory hair cells, which are always primed to detect incoming sound waves. When those waves hit, the hair cells move, amplifying the sound in what's called the active process.

In collaboration with Magnasco, Hudspeth documented the existence of the Hopf bifurcation in the bullfrog cochlea in 1998. Whether it exists in the mammalian cochlea has been a subject of debate in the field ever since.

To answer that question, Hudspeth's team decided they needed to observe the active process in a mammalian cochlea in real time and at a greater level of detail than ever before.

A sliver of a spiral

To do so, the researchers turned to the cochlea of gerbils, whose hearing falls in a similar range as humans. They excised slivers no larger than .5 mm from the sensory organ, in the region of the cochlea that picks up the middle range of frequencies. They timed their excision to a developmental moment in which the gerbil's hearing is mature but the cochlea hasn't fully fused to the highly dense temporal bone.




They placed a sliver of tissue within a chamber designed to reproduce the living environment of the sensory tissue, including continuously bathing it in nutrient-rich liquids called endolymph and perilymph and maintaining its native temperature and voltage. Key to the development of this custom device were Brian Fabella, a research specialist in the Hudspeth lab, and instrumentation engineer Nicholas Belenko, from Rockefeller's Gruss Lipper Precision Instrumentation Technologies Resource Center.

They then began to play sounds via a tiny speaker and observed the response.

Discovering a biophysical principle

Among the processes they witnessed were how the opening and closing of ion channels in the hair bundles add energy to the sound-driven vibrations, amplifying them, and how outer hair cells elongate and contract in response to voltage changes through a process called electromotility.

"We could see in fine detail what every piece of the tissue is doing at the subcellular level," Gianoli says.

"This experiment required an extraordinarily high level of precision and delicacy," notes Magnasco. "There's both mechanical fragility and electrochemical vulnerability at stake."

Importantly, they observed that key to the active process was indeed a Hopf bifurcation -- the tipping point that turned mechanical instability into sound amplification. "This shows that the mechanics of hearing in mammals is remarkably similar to what has been seen across the biosphere," says co-first author Rodrigo Alonso, a research associate in the lab.

A device that could lead to future treatments

The scientists anticipate that experimentation using the ex vivo cochlea will improve their understanding of hearing and hopefully point to better therapies.

"For example, we will now be able to pharmacologically perturb the system in a very targeted way that has never been possible before, such as by focusing on specific cells or cell interactions," says Alonso.

There's a great need in the field for new potential therapies. "So far, no drug has been approved to restore hearing in sensorineural loss, and one reason for that is that we still have an incomplete mechanistic understanding of the active process of hearing," Gianoli says. "But now we have a tool that we can use to understand how the system works, and how and when it breaks -- and hopefully think of ways to intervene before it's too late."

Hudspeth found the results deeply gratifying, Magnasco adds. "Jim had been working on this for more than 20 years, and it's a crowning achievement for a remarkable career."
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The hidden forces inside diamonds that could make tech 1,000x faster | ScienceDaily
Understanding what happens inside a material when it is hit by ultrashort light pulses is one of the great challenges of matter physics and modern photonics. A new study published in Nature Photonics and led by Politecnico di Milano reveals a hitherto neglected but essential aspect, precisely the contribution of virtual charges, charge carriers that exist only during interaction with light, but which profoundly influence the material's response.


						
The research, conducted in partnership with the University of Tsukuba, the Max Planck Institute for the Structure and Dynamics of Matter, and the Institute of Photonics and Nanotechnology (Cnr-Ifn) investigated the behavior of monocrystalline diamonds subjected to light pulses lasting a few attoseconds (billionths of a billionth of a second), using an advanced technique called attosecond-scale transient reflection spectroscopy.

By comparing experimental data with state-of-the-art numerical simulations, researchers were able to isolate the effect of so-called virtual vertical transitions between the electronic bands of the material. Such an outcome changes the perspective on how light interacts with solids, even in extreme conditions hitherto attributed only to the movement of actual charges.

"Our work shows that virtual carrier excitation, which develops in a few billionths of a billionth of a second, are indispensable to correctly predict the rapid optical response in solids," said Matteo Lucchini, professor at the Department of Physics, senior author of the study, and associate at CNR-Ifn.

"These results mark a key step in the development of ultra-fast technologies in electronics," adds Rocio Borrego Varillas, researcher at CNR-IFN.

The progress achieved offers new insights into the creation of ultra-fast optical devices, such as switches and modulators capable of operating at petahertz frequencies, a thousand times faster than current electronic devices. This requires a deep understanding of both the behavior of actual charges, and of virtual charges, as demonstrated by this study.

Research was carried out at the Attosecond Research Center (ARC) of the Politecnico di Milano, in the framework of the European and national projects ERC AuDACE (Attosecond Dynamics in AdvanCed matErials) and MIUR FARE PHorTUNA (PHase Transition Ultrafast dyNAmics in Mott insulators).
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This tiny butterfly has the most chromosomes of any animal on Earth | ScienceDaily

This insect boasts 229 pairs of chromosomes, while many of its close relatives have only 23 or 24 pairs. Researchers at the Wellcome Sanger Institute and the Institute of Evolutionary Biology (IBE: CSIC-UPF), Barcelona, have revealed that these chromosomes have been broken up over time, instead of duplicated.

The first genomic study of this butterfly, published on September 10 in Current Biology, allows experts to begin to explore the evolutionary reasons behind this extreme number of chromosomes. Chromosome changes are also seen in human cancer cells, and therefore, understanding this process in different species could help inform cancer research.

This is the first time that the Atlas blue butterfly has been sequenced. From this, experts have produced a gold-standard reference genome for this species, allowing researchers to compare this extreme genome to other butterflies and moths to understand more about how species form and change over time.

Evolution and the development of new species happen over millions of years, making it hard to study practically. Instead, experts can use the DNA of a species and compare this to others in the same family to understand which genes and traits have been kept and which have been lost and then make informed guesses as to why.

Having the genetic story of a species also allows us to understand how the next chapter might go. For example, we might be able to understand how a species could respond to the increasing global temperature and if they have any genes or mechanisms that might protect them. This could inform conservation efforts as well as research into producing more resilient crops.

The Atlas blue butterfly is found in the mountain ranges of Morocco and northeast Algeria. While it had been suspected to have the most chromosome pairs in the animal kingdom, this is the first time experts have sequenced the butterfly genome to confirm1. For comparison, a close relative found widely in the UK, the Common blue butterfly, has 24 chromosomes.




Changes in chromosome numbers are thought to contribute to the process of new species forming and help species adapt to their environment. The group to which the Atlas blue butterfly belongs contains many closely related species that evolved over a short period of time.

In this new research, the team found that the chromosomes had been spilt up at points where the DNA is less tightly wound. This means there was roughly the same amount of genetic information, but it was packaged in smaller sections. All of the chromosomes, apart from the sex chromosomes, were cut up, and the researchers estimate that this caused the chromosome number to go from 24 to 229 over roughly three million years -- a relatively short amount of time by evolutionary standards.

Usually, it is assumed that this kind of extreme chromosomal change is negative; however, the Atlas blue butterfly has evolved and survived for millions of years. It is only now, due to climate change and human impacts on the environment, such as the destruction of cedar forests and overgrazing, that its populations are under threat.

This research raises multiple questions that can now be addressed in the future. Splitting up the chromosomes could help give greater genetic diversity by allowing more frequent shuffling of genome parts or give other unknown benefits. While this may help butterflies to rapidly adapt, species with many chromosomes may also face challenges due to the extra complexity of this, potentially making them more vulnerable to extinction over time. Further investigations and comparisons with other butterflies could highlight whether any genes have been lost or preserved, giving us more information on the biology of the butterflies, but also a deeper understanding of evolution.

Chromosomal rearrangements also happen in human cancers, and therefore, studying these processes in the Atlas blue butterfly DNA could lead to new developments in human health and highlight possible ways to reduce or stop this phenomenon in cancer cells.

Dr Roger Vila, senior author at the Institute of Evolutionary Biology, said: "Breaking down chromosomes has been seen in other species of butterflies, but not on this level, suggesting that there are important reasons for this process which we can now start to explore. Additionally, as chromosomes hold all the secrets of a species, investigating whether these changes impact a butterfly's behaviour could help form a full picture of how and why new species occur."

Dr Charlotte Wright, first author at the Wellcome Sanger Institute, said: "When we set out to start to understand evolution in butterflies, we knew we had to sequence the most extreme, and somewhat mysterious, Atlas blue butterfly. Thanks to Roger Vila, who had previously worked with his colleague to find and identify this elusive butterfly, we were able to sequence this species, highlighting the collaborative nature of science. Being able to see, in detail, how the Atlas blue butterfly chromosomes have been split over time in specific places, we can start to investigate what benefits this might have, how it impacts their ability to adapt to their environment, and whether there are any lessons we can learn from their DNA that might aid conservation in the future."

Professor Mark Blaxter, senior author at the Wellcome Sanger Institute, said: "Genomes hold the key to how a creature came to be, but also, where it might go in the future. To be able to tell the story of our planet, we must have the story of each species and see where they overlap and interact with each other. It also allows us to apply learnings from one genome to another. For example, rearranging chromosomes is also seen in human cancer cells, and understanding this process in the Atlas blue butterfly could help find ways to limit or stop this in cancer cells in the future."

This research includes funding from Wellcome. A full acknowledgement list can be found in the publication.
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Astronomers stunned as fiery auroras blaze on a planet without a star | ScienceDaily
Strong Northern Lights-like activity is the standout feature of today's weather report, which is coming at you from a strange, extrasolar world, instead of a standard TV studio. That is thanks to astronomers from Trinity College Dublin, who used the NASA/ESA/CSA James Webb Space Telescope to take a close look at the weather of a toasty nearby rogue planet, SIMP-0136.
The exquisite sensitivity of the instruments on board the space-based telescope enabled the team to see minute changes in brightness of the planet as it rotated, which were used to track changes in temperature, cloud cover and chemistry. 
Surprisingly, these observations also illuminated SIMP-0136's strong auroral activity, similar to the Northern Lights here on Earth or the powerful aurora on Jupiter, which heat up its upper atmosphere.
"These are some of the most precise measurements of the atmosphere of any extra-solar object to date, and the first time that changes in the atmospheric properties have been directly measured," said Dr Evert Nasedkin, a Postdoctoral Fellow in Trinity College Dublin's School of Physics, who is the lead author of the research article just published in leading international journal, Astronomy & Astrophysics. 
"And at over 1,500 degC, SIMP-0136 makes this summer's heat wave look mild," he continued. "The precise observations we made meant we could accurately record temperature changes smaller than 5 degC. These changes in temperature were related to subtle changes in the chemical composition of this free-floating planet, which is suggestive of storms - similar to Jupiter's Great Red Spot - rotating into view."
Another surprise finding was the lack of variability of the clouds on SIMP-0136. One might expect changes in the cloud coverage to lead to changes in the atmosphere, similar to observing patches of clouds and blue sky here on Earth. Instead, the team found that the cloud coverage was constant over the surface of SIMP-0136. At the temperatures of SIMP-0136 these clouds are unlike those on earth, instead composed of silicate grains, similar to sand on a beach. 
This is the first publication from the new 'Exo-Aimsir' group led by Prof. Johanna Vos in Trinity's School of Physics, and includes contributions from all the group members, including PhD candidates Merle Schrader, Madeline Lam and Cian O'Toole.
These data were initially published by a similar team led by Allison McCarthy at Boston University, but the new analysis has revealed more details about the atmosphere. 
"Different wavelengths of light are related to different atmospheric features. Similar to observing the changes in colour over the surface of the earth, the changes in the colour of SIMP-0136 are driven by changes in the atmospheric properties," added Dr. Nasedkin. "So by using cutting-edge models, we could infer the temperature of the atmosphere, the chemical composition, and the position of the clouds." 
Prof. Vos said: "This work is exciting because it shows that by applying our state-of-the-art modelling techniques to cutting-edge datasets from JWST, we can begin to piece together the processes that drive weather in worlds beyond our solar system. Understanding these weather processes will be crucial as we continue to discover and characterize exoplanets in the future."
"While for now these types of spectroscopic variability observations are limited to isolated brown dwarfs, like this one, future observations with the Extremely Large Telescope and eventually the Habitable Worlds Observatory will enable the study of the atmospheric dynamics of exoplanets, from Jupiter-like gas giants to rocky worlds."
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Hubble finds a hybrid galaxy with a mysterious and violent past | ScienceDaily
This new NASA/ESA Hubble Space Telescope Picture of the Week features a galaxy that's hard to categorize. The galaxy in question is NGC 2775, which lies 67 million light-years away in the constellation Cancer (The Crab). NGC 2775 sports a smooth, featureless center that is devoid of gas, resembling an elliptical galaxy. It also has a dusty ring with patchy star clusters, like a spiral galaxy. Which is it, then: spiral or elliptical -- or neither?


						
Because we can only view NGC 2775 from one angle, it's difficult to say for sure. Some researchers have classified NGC 2775 as a spiral galaxy because of its feathery ring of stars and dust, while others have classified it as a lenticular galaxy. Lenticular galaxies have features common to both spiral and elliptical galaxies.

It's not yet known exactly how lenticular galaxies come to be, and they might form in a variety of ways. Lenticular galaxies might be spiral galaxies that have merged with other galaxies, or that have mostly run out of star-forming gas and lost their prominent spiral arms. They also might have started out more similar to elliptical galaxies, then collected gas into a disk around them.

Some evidence suggests that NGC 2775 has merged with other galaxies in the past. Invisible in this Hubble image, NGC 2775 has a tail of hydrogen gas that stretches almost 100,000 light-years around the galaxy. This faint tail could be the remnant of one or more galaxies that wandered too close to NGC 2775 before being stretched apart and absorbed. If NGC 2775 merged with other galaxies in the past, it could explain the galaxy's strange appearance today.

A Hubble image of NGC 2775 was previously released in 2020. The new version adds observations of a specific wavelength of red light that is emitted by clouds of hydrogen gas surrounding massive young stars.
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Earth was born dry until a cosmic collision made it a blue planet | ScienceDaily
After the formation of the Solar System, it took a maximum of three million years for the chemical composition of the Earth's precursor to be completed. This is shown by a new study by the Institute of Geological Sciences at the University of Bern. At this time, however, there were hardly any elements necessary for life such as water or carbon compounds on the young planet. Only a later planetary collision probably brought water to Earth, paving the way for life.


						
Earth is so far the only known planet on which life exists -- with liquid water and a stable atmosphere. However, the conditions were not conducive to life when it formed. The gas-dust cloud from which all the planets in the Solar System formed was rich in volatile elements essential for life, such as hydrogen, carbon and sulphur. However, in the inner Solar System -- the part closest to the Sun, where the four rocky planets Mercury, Venus, Earth and Mars and the asteroid belt are located today -- these volatile elements could hardly exist: Due to the high temperature of the Sun, they did not condense and initially remained largely in the gas phase. As these gaseous substances were not incorporated into the solid rocky materials from which the planets were formed, the early precursor of the Earth, the so-called proto-Earth, also contained very little of these vital substances. Only celestial bodies that formed further away from the Sun in cooler regions were able to incorporate these components. When and how the Earth became a life-friendly planet is still not fully understood.

In a new study, researchers from the Institute of Geological Sciences at the University of Bern have now been able to show for the first time that the chemical composition of the early Earth was complete no later than three million years after the formation of the Solar System -- and in a way that initially made the emergence of life impossible. Their results, recently published in the journal Science Advances, suggest that life on Earth was only made possible by a later event. Dr. Pascal Kruttasch is first author of the study, which was part of his dissertation at the Institute of Geological Sciences and was financially supported by the Swiss National Science Foundation. Kruttasch is now an SNSF Postdoc Mobility Fellow at Imperial College London.

Using a precise clock to measure the history of the Earth's formation

The research team used a combination of isotope and element data from meteorites and terrestrial rocks to reconstruct the process of the Earth's formation. Using model calculations, the researchers were able to narrow down in time how the chemical composition of the Earth developed in comparison to other planetary building blocks.

Kruttasch explains: "A high-precision time measurement system based on the radioactive decay of manganese-53 was used to determine the precise age. This isotope was present in the early Solar System and decayed to chromium-53 with a half-life of around 3.8 million years." This method allowed ages to be determined with an accuracy of less than one million years for materials that are several billion years old. "These measurements were only possible because the University of Bern has internationally recognized expertise and infrastructure for the analysis of extraterrestrial materials and is a leader in the field of isotope geochemistry," says co-author Klaus Mezger, Professor Emeritus of Geochemistry at the Institute of Geological Sciences at the University of Bern.

Life on Earth thanks to a cosmic coincidence?

Using model calculations, the research team was able to show that the chemical signature of the proto-Earth, i.e. the unique pattern of chemical substances of which it is composed, was already complete less than three million years after the formation of the Solar System. Their study thus provides empirical data on the time of formation of the original material of the young Earth. "Our Solar System formed around 4,568 million years ago. Considering that it only took up to 3 million years to determine the chemical properties of the Earth, this is surprisingly fast," says first author Kruttasch.




The results of the study thus support the assumption that a later collision with another planet -- Theia -- brought the decisive turning point and made the Earth a life-friendly planet. Theia probably formed further out in the Solar System, where volatile substances such as water accumulated. "Thanks to our results, we know that the proto-Earth was initially a dry rocky planet. It can therefore be assumed that it was only the collision with Theia that brought volatile elements to Earth and ultimately made life possible there," says Kruttasch.

Life-friendliness in the universe cannot be taken for granted

The new study contributes significantly to our understanding of the processes in the early phase of the Solar System and provides clues as to when and how planets on which life is possible can form. "The Earth does not owe its current life-friendliness to a continuous development, but probably to a chance event -- the late impact of a foreign, water-rich body. This makes it clear that life-friendliness in the universe is anything but a matter of course," says Mezger.

The next step would be to investigate the collision event between proto-Earth and Theia in more detail. "So far, this collision event is insufficiently understood. Models are needed that can fully explain not only the physical properties of the Earth and Moon, but also their chemical composition and isotope signatures," concludes Kruttasch.
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Black hole discovery confirms Einstein and Hawking were right | ScienceDaily
A decade ago, scientists first detected ripples in the fabric of space-time, called gravitational waves, from the collision of two black holes. Now, thanks to improved technology and a bit of luck, a newly detected black hole merger is providing the clearest evidence yet of how black holes work -- and, in the process, offering long-sought confirmation of fundamental predictions by Albert Einstein and Stephen Hawking.


						
The new measurements were made by the Laser Interferometer Gravitational-Wave Observatory (LIGO), with analyses led by astrophysicists Maximiliano Isi and Will Farr of the Flatiron Institute's Center for Computational Astrophysics in New York City. The results reveal insights into the properties of black holes and the fundamental nature of space-time, hinting at how quantum physics and Einstein's general relativity fit together.

"This is the clearest view yet of the nature of black holes," says Isi, who is also an assistant professor at Columbia University. "We've found some of the strongest evidence yet that astrophysical black holes are the black holes predicted from Albert Einstein's theory of general relativity."

The results were reported in a paper published September 10 in Physical Review Letters by the LIGO-Virgo-KAGRA Collaboration.

For massive stars, black holes are the final stage in their evolution. Black holes are so dense that even light cannot escape their gravity. When two black holes collide, the event distorts space itself, creating ripples in space-time that fan out across the universe, like sound waves ringing out from a struck bell.

Those space-deforming ripples, called gravitational waves, can tell scientists a great deal about the objects that created them. Just as a large iron bell makes different sounds than a smaller aluminum bell, the "sound" a black hole merger makes is specific to the properties of the black holes involved.

Scientists can detect gravitational waves with special instruments at observatories such as LIGO in the United States, Virgo in Italy and KAGRA in Japan. These instruments carefully measure how long it takes a laser to travel a given path. As gravitational waves stretch and compress space-time, the length of the instrument, and thus the light's travel time, changes minutely. By measuring those tiny changes with great precision, scientists can use them to determine the black holes' characteristics.




The newly reported gravitational waves were found to be created by a merger that formed a black hole with the mass of 63 suns and spinning at 100 revolutions per second. The findings come 10 years after LIGO made the first black hole merger detection. Since that landmark discovery, improvements in equipment and techniques have enabled scientists to get a much clearer look at these space-shaking events.

"The new pair of black holes are almost twins to the historic first detection in 2015," Isi says. "But the instruments are much better, so we're able to analyze the signal in ways that just weren't possible 10 years ago."

With these new signals, Isi and his colleagues got a complete look at the collision from the moment the black holes first careened into each other until the final reverberations as the merged black hole settled into its new state, which happened only milliseconds after first contact.

Previously, the final reverberations were difficult to capture, as by that point, the ringing of the black hole would be very faint. As a result, scientists couldn't separate the ringing of the collision from that of the final black hole itself.

In 2021, Isi led a study showcasing a cutting-edge method that he, Farr and others developed to isolate certain frequencies -- or 'tones' -- using data from the 2015 black hole merger. This method proved powerful, but the 2015 measurements weren't clear enough to confirm key predictions about black holes. With the new, more precise measurements, though, Isi and his colleagues were more confident they had successfully isolated the milliseconds-long signal of the final, settled black hole. This enabled more unambiguous tests of the nature of black holes.

"Ten milliseconds sounds really short, but our instruments are so much better now that this is enough time for us to really analyze the ringing of the final black hole," Isi says. "With this new detection, we have an exquisitely detailed view of the signal both before and after the black hole merger."

The new observations allowed scientists to test a key conjecture dating back decades that black holes are fundamentally simple objects. In 1963, physicist Roy Kerr used Einstein's general relativity to mathematically describe black holes with one equation. The equation showed that astrophysical black holes can be described by just two characteristics: spin and mass. With the new, higher-quality data, the scientists were able to measure the frequency and duration of the ringing of the merged black hole more precisely than ever before. This allowed them to see that, indeed, the merged black hole is a simple object, described by just its mass and spin.




The observations were also used to test a foundational idea proposed by Stephen Hawking called Hawking's area theorem. It states that the size of a black hole's event horizon -- the line past which nothing, not even light, can return -- can only ever grow. Testing whether this theorem applies requires exceptional measurements of black holes before and after their merger. Following the first black hole merger detection in 2015, Hawking wondered if the merger signature could be used to confirm his theorem. At the time, no one thought it was possible.

By 2019, a year after Hawking's death, methods had improved enough that a first tentative confirmation came using techniques developed by Isi, Farr, and colleagues. With four times better resolution, the new data gives scientists much more confidence that Hawking's theorem is correct.

In confirming Hawking's theorem, the results also hint at connections to the second law of thermodynamics. This law states that a property that measures a system's disorder, known as entropy, must increase, or at least remain constant, over time. Understanding the thermodynamics of black holes could lead to advances in other areas of physics, including quantum gravity, which aims to merge general relativity with quantum physics.

"It's really profound that the size of a black hole's event horizon behaves like entropy," Isi says. "It has very deep theoretical implications and means that some aspects of black holes can be used to mathematically probe the true nature of space and time."

Many suspect that future black hole merger detections will only reveal more about the nature of these objects. In the next decade, detectors are expected to become 10 times more sensitive than today, allowing for more rigorous tests of black hole characteristics.

"Listening to the tones emitted by these black holes is our best hope for learning about the properties of the extreme space-times they produce," says Farr, who is also a professor at Stony Brook University. "And as we build more and better gravitational wave detectors, the precision will continue to improve."

"For so long this field has been pure mathematical and theoretical speculation," Isi says. "But now we're in a position of actually seeing these amazing processes in action, which highlights how much progress there's been -- and will continue to be -- in this field."
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Fossils in germany reveal a Jurassic sea monster with a swordfish snout | ScienceDaily
An international research team from Switzerland and Germany, led by Gael Spicher (JURASSICA Museum, Porrentruy, Switzerland), has described a new ichthyosaur species based on fossils curated at the Urwelt-Museum Oberfranken (Bayreuth, Germany). The study was published in Museum fur Naturkunde Berlin's open-access journal Fossil Record.


						
The new species was named Eurhinosaurus mistelgauensis, in reference to the clay pit of Mistelgau in Upper Franconia - a fossil site that has yielded numerous important finds. "We wanted to highlight the scientific importance of the Mistelgau locality," explains lead author and doctoral student Gael Spicher.

Excavations in the clay pit have been conducted regularly since 1998 by the Urwelt-Museum Oberfranken, which recovered and prepared the fossils prior to their scientific study. One specimen originates from a so-called "belemnite battleground" - dense accumulations of Jurassic cephalopod remains that are characteristic of the site.

Ichthyosaurs - marine reptiles that lived during the time of the dinosaurs - show striking similarities in body shape to dolphins or tuna. The newly described species shares the elongation of the upper jaw typical for eurhinosaurs, producing a pronounced "overbite" similar to that of modern swordfish. Eurhinosaurus mistelgauensis differs from previously known species by its notably robust ribs and special features in the joint connecting the skull and the neck.

"The naming of a new species emphasizes the significance of the Urwelt-Museum Oberfranken's fossil collections for understanding Jurassic marine ecosystems," says museum director Dr. Serjoscha Evers, who was not involved in the study. "The Mistelgau site continues to provide rare insights into a time period that is otherwise scarcely documented worldwide."

Further studies on the Mistelgau material are in preparation. These include analyses of injuries preserved in the ichthyosaur skeletons, which may shed light on the ecology and life history of these ancient marine reptiles.
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Heisenberg said it was impossible. Scientists just proved otherwise | ScienceDaily
Physicists in Australia and Britain have reshaped quantum uncertainty to sidestep the restriction imposed by the famous Heisenberg uncertainty principle - a result that could underpin future ultra-precise sensor technology used in navigation, medicine and astronomy.


						
The Heisenberg uncertainty principle, introduced in 1927, says that you can't know certain pairs of properties - such as a particle's position and momentum - with unlimited precision at the same time. In other words, there is always a trade-off in uncertainty: the more closely one property is pinned down, the less certainty there is about the other.

In research published Sept. 24 in Science Advances, a team led by Dr Tingrei Tan from the University of Sydney Nano Institute and School of Physics has shown how to engineer a different trade-off to precisely measure position and momentum at the same time.

"Think of uncertainty like air in a balloon," said Dr Tan, a Sydney Horizon Fellow in the Faculty of Science. "You can't remove it without popping the balloon, but you can squeeze it around to shift it. That's effectively what we've done. We push the unavoidable quantum uncertainty to places we don't care about (big, coarse jumps in position and momentum) so the fine details we do care about can be measured more precisely."

The researchers also use the analogy of a clock to explain their findings (see image). Think of a normal clock with two hands: the hour hand and the minute hand. Now imagine the clock only has one hand. If it's the hour hand, you can tell what hour it is and roughly what minute, but the minute reading will be very imprecise. If the clock only has the minute hand, you can read the minutes very precisely, but you lose track of the larger context - specifically, which hour you're in. This 'modular' measurement sacrifices some global information in exchange for much finer detail.

"By applying this strategy in quantum systems, we can measure the changes in both position and momentum of a particle far more precisely," said first author Dr Christophe Valahu from the Quantum Control Laboratory team at the University of Sydney. "We give up global information but gain the ability to detect tiny changes with unprecedented sensitivity."

Quantum computing tools for a new sensing protocol

This strategy was outlined theoretically in 2017. Here, Dr Tan's team performed the first experimental demonstration by using a technological approach they had previously developed for error-corrected quantum computers, a result recently published in Nature Physics.




"It's a neat crossover from quantum computing to sensing," said co-author Professor Nicolas Menicucci, a theorist from RMIT University. "Ideas first designed for robust quantum computers can be repurposed so that sensors pick up weaker signals without being drowned out by quantum noise.

The Sydney team implemented the sensing protocol using the tiny vibrational motion of a trapped ion - the quantum equivalent of a pendulum. They prepared the ion in "grid states," a kind of quantum state originally developed for error-corrected quantum computing. With this, they showed that both position and momentum can be measured together with precision beyond the 'standard quantum limit' - the best achievable using only classical sensors.

"We haven't broken Heisenberg's principle. Our protocol works entirely within quantum mechanics," said Dr Ben Baragiola, co-author from RMIT. "The scheme is optimised for small signals, where fine details matter more than coarse ones.

Why it matters

The ability to detect extremely small changes is important across science and technology. Ultra-precise quantum sensors could sharpen navigation in environments where GPS doesn't work (such as submarines, underground or spaceflight); enhance biological and medical imaging; monitor materials and gravitational systems; or probe fundamental physics.

While still at the laboratory stage, the experiment demonstrates a new framework for future sensing technologies targeted towards measuring tiny signals. Rather than replacing existing approaches, it adds a complementary tool to the quantum-sensing toolbox.




"Just as atomic clocks transformed navigation and telecommunications, quantum-enhanced sensors with extreme sensitivity could enable whole new industries," said Dr Valahu.

A collaborative effort

This project united experimentalists at the University of Sydney with theorists at RMIT, the University of Melbourne, Macquarie University and the University of Bristol in Britain. It shows how collaboration across institutions and borders can accelerate progress and strengthen Australia's quantum research community.

"This work highlights the power of collaboration and the international connections that drive discovery," Dr Tan said.
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Miscarriages, down syndrome, and infertility all linked to this hidden DNA process | ScienceDaily
When a woman becomes pregnant, the outcome of that pregnancy depends on many things -- including a crucial event that happened while she was still growing inside her own mother's womb. It depends on the quality of the egg cells that were already forming inside her fetal ovaries. The DNA-containing chromosomes in those cells must be cut, spliced and sorted perfectly. In males, the same process produces sperm in the testes but occurs only after puberty.


						
"If that goes wrong, then you end up with the wrong number of chromosomes in the eggs or sperm," said Neil Hunter, a professor in the Department of Microbiology and Molecular Genetics at the University of California, Davis. "This can result in infertility, miscarriage or the birth of children with genetic diseases."

In a paper published Sept. 24 in the journal Nature, Hunter's team reports a major new discovery about a process that helps safeguard against these mistakes. He has pieced together the choreography of proteins that connect matching chromosome pairs -- ensuring that they are sorted correctly as egg and sperm cells develop and divide.

Hunter's discoveries required methods to watch the molecular events of chromosome recombination unfold with unprecedented detail. This involved genetic engineering in budding yeast -- a model organism that has been used for decades to discover how fundamental cellular processes work.

"The chromosome structures that we studied have changed very little across evolution," Hunter said. "Every protein that we looked at in yeast has a direct counterpart in humans." His findings could improve our understanding of fertility problems and how they are diagnosed and treated in humans.

Forming chromosome crossovers for strong connections

Humans have 46 chromosomes in each of our cells, made up of 23 pairs of matching, "homologous" chromosomes, with one of each pair inherited from each parent. Early in the process of making sperm or eggs, those chromosome pairs line up, and the parental chromosomes break and rejoin to each other. These chromosome exchanges, called "crossovers," serve two important functions.




First, they help ensure that each chromosome that is passed on to the offspring contains a unique mixture of genes from both parents. Crossovers also keep the chromosomes connected in matching pairs. These connections guide the distribution of chromosomes when cells divide to produce eggs and sperm. Maintaining crossover connections is especially crucial in females, Hunter said.

As chromosomes pair up in developing egg or sperm cells, matching DNA strands are exchanged and twined together over a short distance to form a structure called a "double Holliday junction." DNA strands of this structure are then cut to join the chromosomes forming a crossover.

In males, developing immature sperm cells then immediately divide and distribute chromosomes to the sperm. In contrast, egg cells developing in the fetal ovary arrest their development after crossovers have formed. The immature egg cells can remain in suspended animation for decades after birth, until they are activated to undergo ovulation.

Only then does the process lurch back into motion: The egg cell finally divides, and the chromosome pairs that were connected by crossovers are finally separated to deliver a single set of chromosomes to the mature egg. "Maintaining the crossover connections over many years is a major challenge for immature egg cells," Hunter said.

If chromosome pairs aren't connected by at least one crossover, they can lose contact with each other, like two people separated in a jostling crowd. This causes them to segregate incorrectly when the cell finally divides, producing egg cells with extra or missing chromosomes. This can cause infertility, miscarriage or genetic conditions such as Down syndrome, in which a child is born with an extra copy of chromosome 21, leading to cognitive impairment, heart defects, hearing loss and other problems.

From yeast to humans

Hunter has spent years trying to understand how crossovers form and how this process can fail and cause reproductive problems. By studying this process in yeast, researchers can directly visualize molecular events of double-Holliday junction resolution in synchronized populations of cells.




Researchers have identified dozens of proteins that bind and process these junctions. Hunter and then-postdoctoral fellow Shangming Tang (now an assistant professor of biochemistry and molecular genetics at the University of Virginia) used a technique called "real-time genetics" to investigate the function of those proteins. With this method, they made cells degrade one or more specific proteins within the junction-associated structures. They could then analyze the DNA from these cells, to see whether the junctions were resolved and if they formed crossovers. In this way, they built up a picture in which a network of proteins function together to ensure that crossovers are formed.

"This strategy allowed us to answer a question that previously wasn't possible," Hunter said.

They identified key proteins such as cohesin that prevent an enzyme called the STR complex (or Bloom complex in humans) from inappropriately dismantling the junctions before they can form crossovers.

"They protect the double Holliday junction," Hunter said. "That is a key discovery."

This years-long research project in yeast is broadly relevant for human reproduction because the process has changed very little during evolution. Failure to protect double-Holliday junctions may be linked to fertility problems in humans.

In addition to Tang, the postdoc, seven undergraduates in the UC Davis College of Biological Sciences contributed to this work, including Jennifer Koo, Mohammad Pourhosseinzadeh, Emerald Nguyen, Natalie Liu, Christopher Ma, Hanyu Lu and Monica Lee.

Additional authors on the paper include Sara Hariri, Regina Bohn and John E. McCarthy, all members of the Hunter lab.

Hunter's research is funded by the National Institutes of Health and the Howard Hughes Medical Institute. His work has also received funding from the UC Davis Comprehensive Cancer Center, the American Cancer Society, the Concern Foundation for Cancer Research, and the Damon Runyon Cancer Foundation.

Hunter's research on crossover and homologous recombination uses advanced scientific facilities at the university's Proteomics Core Facility, MCB Light Microscopy Imaging Facility, Genome Center, Mouse Biology Program, and the Comprehensive Cancer Center.
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Fruit might be the surprising key to healthier lungs | ScienceDaily
Eating fruit may reduce the effects of air pollution on lung function, according to research presented at the European Respiratory Society Congress in Amsterdam, the Netherlands.


						
The study was presented by Pimpika Kaewsri, a PhD student from the Centre for Environmental Health and Sustainability at the University of Leicester, UK.

She explains: "Over 90% of the global population is exposed to air pollution levels that exceed WHO guidelines, and ample research shows that exposure to higher air pollution levels is associated with reduced lung function.

"Separately, a healthy diet -- particularly one high in fruits and vegetables -- has been linked to better lung function. We wanted to explore whether a healthy diet or specific food groups could modify or partly mitigate the known adverse effects of air pollution on lung function."

Using UK Biobank data from around 200,000 participants, Kaewsri compared people's dietary patterns -- including their fruit, vegetable and whole grains intake -- with their lung function (FEV1 - the amount of air exhaled in one second) and their exposure to air pollution in the form of fine particulate matter (PM2.5). PM2.5 concentration is the amount of very tiny particles, 2.5 micrometers or smaller, released into the air, for example by vehicle exhausts and industrial processes. The team also accounted for other factors such as age, height, and socioeconomic status.

For every increase in exposure to PM2.5 of five micrograms per cubic meter of air, the team observed a 78.1ml reduction in FEV1 in the low fruit intake group, compared to only a 57.5ml reduction in the high fruit intake group in women.

Kaewsri explains: "Our study confirmed that a healthy diet is linked to better lung function in both men and women regardless of air pollution exposure. And that women who consumed four portions of fruit per day or more appeared to have smaller reductions in lung function associated with air pollution, compared to those who consumed less fruit.




"This may be partly explained by the antioxidant and anti-inflammation compounds naturally present in fruit. These compounds could help mitigate oxidative stress and inflammation caused by fine particles, potentially offsetting some of the harmful effects of air pollution on lung function."

Kaewsri also noted that, in the study population, men generally reported lower fruit intake than women. "This difference in dietary patterns may help explain why the potential protective effect of fruit against air pollution was only observed in women," she adds.

Kaewsri plans to extend the research by exploring whether diet can influence changes in lung function over time.

Professor Sara De Matteis, Chair of the European Respiratory Society's expert group on occupational and environmental health, based at the University of Turin, Italy, who was not involved in the research said: "This study confirms the potential respiratory health benefits of a healthy diet, especially rich in fresh fruit intake.

"However, access to a healthy diet is not equally distributed in the population and, even if the authors adjusted for socioeconomic status, some residual confounding cannot be ruled out.

"A healthy plant-rich diet should be promoted in the population starting from primary school, not only for preventing chronic diseases, but also to reduce the carbon-footprint of meat-rich diets.

"This does not exempt governments from continuing with environmental policies to reduce air pollution to as low as possible, given there are no safe exposure levels, and it does not transfer their accountability to individuals whose diet choices are often constrained by economic needs."
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Doctors tested a common drug on COVID. The results are stunning | ScienceDaily
A widely available and affordable drug has been shown to be effective in treating seriously ill COVID-19 patients, according to a new international study led by researchers at the Australian National University (ANU) in collaboration with King's College London.


						
The study analyzed data from almost 500 patients hospitalized with COVID-19 across six countries. Patients who inhaled heparin were half as likely to require ventilation and had a significantly lower risk of dying compared with those receiving standard care.

Heparin, a drug traditionally injected to treat blood clots, was tested in this study in an inhaled form, targeting the lungs directly. As well as acting as an anticoagulant, heparin has anti-inflammatory and pan-antiviral properties. Earlier research results showed breathing and oxygen levels improved in COVID-19 patients after they inhaled a course of heparin.

The researchers believe the drug could also be useful in fighting other serious respiratory infections such as pneumonia.

Professor Clive Page, Emeritus Professor of Pharmacology at King's who co-led the international study with ANU's Professor van Haren, said: "Inhaled heparin is anti-viral, anti-inflammatory and anti-coagulant. There's no other drug that has that unique combination. We know it's only a matter of time until the next pandemic, and there are still COVID-19 patients who get very sick. This is a great weapon to have up our sleeve."

While the findings highlight the potential of inhaled heparin, further development is required before the treatment can be routinely adopted. The researchers believe the drug could also be useful in fighting other serious respiratory infections such as pneumonia, which can be caused by a range of viruses and bacteria.

According to Professor van Haren, the drug would also be helpful for those with a compromised immune system, such as cancer patients, when they experience a respiratory infection.

Professor Frank van Haren, lead author, ANU and Director of the Intensive Care Unit at the St George Hospital in Sydney, said: "It doesn't matter what kind of respiratory infection the patient is dealing with, the drug -- when inhaled -- will stop it from infecting the patient and from damaging the lungs. We're aiming to conduct another trial in Europe to confirm its effectiveness in fighting other common respiratory infections such as influenza and RSV. And because it's inexpensive, it's much more accessible for those from low-income countries"

The researchers are now also developing an improved formulation of heparin, specifically designed to be given by inhalation.

The research is published in eClinicalMedicine and simultaneously presented of at the European Respiratory Society (ERS) International Congress in Amsterdam on Sunday, September 28, the leading annual gathering for respiratory research.
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Junk food can scramble memory in just 4 days | ScienceDaily
Diet impacts the brain a lot more than we think.


						
A new study from UNC School of Medicine researchers, published in Neuron, reveals a unique look at how junk food rewires the brain's memory hub - leading to risk of cognitive dysfunction. This new research opens the door to early interventions that can prevent even long-term memory loss associated with obesity.

Led by UNC School of Medicine's Juan Song, PhD, principal investigator, professor of pharmacology, and Taylor Landry, PhD, first author, Department of Pharmacology, researchers found that a special group of brain cells in the hippocampus, called CCK interneurons, become overly active after eating a high-fat diet (HFD), due to an impaired ability of the brain to receive glucose (sugar). This overactivity disrupts how the hippocampus processes memory, even after just a few days of high fat diet. This type of diet resembles typical Western-style junk food rich in saturated fat -- like cheeseburgers and fries. The discovery also showed that a protein called PKM2, which controls how brain cells use energy, plays a key role in this problem.

"We knew that diet and metabolism could affect brain health, but we didn't expect to find such a specific and vulnerable group of brain cells, CCK interneurons in the hippocampus, that were directly disrupted by short-term high-fat diet exposure," Song said, who is a member of the UNC Neuroscience Center. "What surprised us most was how quickly these cells changed their activity in response to reduced glucose availability, and how this shift alone was enough to impair memory."

Brain Health Study Summary
    	Mouse models were placed on high-fat diet resembling fatty junk food before starting behavioral testing.
    	Within 4 days of eating high-fat diet, results showed CCK interneurons in the brain's memory hub became abnormally active.
    	Results suggest fatty junk foods can affect the brain almost immediately, well before the onset of weight gain or diabetes.

Research findings also highlight how sensitive memory circuits are to diet, underscoring the importance of nutrition in maintaining brain health. A high-fat diet, rich in saturated fats, could possibly lead to an elevated risk of developing neurodegenerative diseases, like dementia and Alzheimer's, according to the study.

The research also shows that restoring brain glucose levels actually calmed down overactive neurons and fixed memory problems in mice. The study found interventions like dietary modifications or pharmacological approaches may be effective in preserving brain health for obesity-related neurodegeneration. Notably, researchers discovered that dietary interventions like intermittent fasting periods following a high-fat diet were sufficient to normalize CCK interneurons and improve memory function.

"This work highlights how what we eat can rapidly affect brain health and how early interventions, whether through fasting or medicine, could protect memory and lower the risk of long-term cognitive problems linked to obesity and metabolic disorders," said Song. "In the long run, such strategies could help reduce the growing burden of dementia and Alzheimer's linked to metabolic disorders, offering more holistic care that addresses both body and brain."

This research is ongoing to further understand how these glucose-sensitive neurons disrupt brain rhythms that support memory. Researchers plan to test whether these targeted therapies could be translated into humans and how a high-fat diet could be a factor in Alzheimer's disease. Lifestyle-based interventions will also be explored, such as dietary patterns that stabilize brain glucose, to see if they offer protective benefits.
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The accidental discovery that forged the Iron Age | ScienceDaily
Research from Cranfield University sheds new light onto the transition from the Bronze Age to the Iron Age, showing how experimentation with iron-rich rocks by copper smelters may have sparked the invention of iron.


						
The work reanalyzed metallurgical remains from a site in southern Georgia: a 3000-year-old smelting workshop called Kvemo Bolnisi. During the original analysis in the 1950s, piles of hematite (an iron oxide mineral) and slag (a waste product of the metal production) were found in the workshop. Finding those iron oxides, the original excavators thought the workshop was an early iron smelting site.

However, new research shows that those assumptions were wrong. Rather than iron, workers at Kvemo Bolnisi were smelting copper using iron oxide as a flux -- a substance added into the furnace to increase the resulting copper yield.

These discoveries give weight to a long-discussed theory that iron was invented by copper smelters. This evidence shows that ancient copper metalworkers experimented with iron-bearing materials in a metallurgical furnace, which was a crucial step towards iron smelting.

The importance of iron

While the Iron Age marked the beginnings of widespread iron production, the metal itself wasn't a new discovery. Iron artifacts have been found dating from the Bronze Age, most famously an iron dagger with a gold and rock crystal hilt from the tomb of Egyptian king Tutankhamun. But the earliest iron objects were forged from naturally occurring metallic iron found in meteorites, not extracted from iron ore through smelting. That rarity meant iron was, at that point in history, more valuable than gold.

The development of extractive iron metallurgy changed all this. Iron is one of the most abundant elements on Earth, even though naturally occurring iron metal is very rare. The ability to extract iron from iron ore and work it into useful materials such as tools or weapons is one of the defining technological transformations in human history. The transition into the Iron Age was far from instantaneous, but it gave rise to the iron-wielding armies of Assyria and Rome and later the railroads and steel-frame buildings of the industrial revolution.




Dr Nathaniel Erb-Satullo, Visiting Fellow in Archaeological Science at Cranfield University, said: "Iron is the world's quintessential industrial metal, but the lack of written records, iron's tendency to rust, and a lack of research on iron production sites has made the search for its origins challenging.

"That's what makes this site at Kvemo Bolnisi so exciting. It's evidence of intentional use of iron in the copper smelting process. That shows that these metalworkers understood iron oxide -- the geological compounds that would eventually be used as ore for iron smelting -- as a separate material and experimented with its properties within the furnace. Its use here suggests that this kind of experimentation by copper-workers was crucial to development of iron metallurgy.

"There's a beautiful symmetry in this kind of research, in that we can use the techniques of modern geology and materials science to get into the minds of ancient materials scientists. And we can do all this through the analysis of slag -- a mundane waste material that looks like lumps of funny-looking rock."

The research was supported by grants from the British Institute of Ankara, the Gerda Henkel Foundation, and the American Research Institute of the South Causcasus. The research paper Iron in copper metallurgy at the dawn of the Iron Age: Insights on iron invention from a mining and smelting site in the Caucasus is published in the Journal of Archaeological Science.
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Why "dry" oil wells aren't really empty | ScienceDaily
A common problem with oil wells is that they can run dry even when sound-based measurements say there's still oil there. A team from Penn State University used PSC's flagship Bridges-2 supercomputer to add a time dimension to these seismic measurements, as well as to analyze how oil damps down the loudness of sound traveling through it. Their preliminary analysis suggests that hidden rock structures in oil reserves prevent all the oil from being pumped out. They're now scaling up their work to tackle realistically sized oil fields.


						
Why It's Important

Given all the complexity of finding oil in more remote and deeper locations, we need to drill smarter. Waste was always expensive, but today it's particularly important to be as clean and efficient as oil and gas extraction can be.

Experts use the movement of sound through the Earth to spot where oil deposits should be. Those measurements also tell us the approximate size of a given reserve. Still, it's common for a well to go dry after only a fraction of its suspected oil has been pumped out. Penn State's Tieyuan Zhu and his students and postdoctoral fellows wanted to understand why that is -- and to develop more accurate measurements of how much oil a given well will actually produce.

"We actually tested ... data from the North Sea. You know, they started drilling in 2008 and based on their estimation ... they could produce oil for 20 years, 30 years. But unfortunately, after two years, there was nothing. Their well is dry. They just got confused. Where is the oil? Gone? The big issue actually is the complexity of the geology in the reservoir." -- Tieyuan Zhu, Penn State

The team's approach, studying more aspects of the data from sound measurements than previously employed, would require more computing power. Also, they would need large memory to store parts of the problem in the computer's processors without time-costly trips back to data storage. PSC's NSF-funded Bridges-2 was the answer to this problem, thanks to an allocation from ACCESS, the NSF network of computing sites.

How PSC Helped

Oil doesn't sit in pools underground. When it's present, it's soaked into porous rock. Solid rock transmits sound more readily than oil-drenched rock. So experts can spot oil reserves by the way they slow down sound traveling through them. Much like a medical ultrasound, these seismic methods produce 3D images of where that oil-sodden rock sits.




Despite those sophisticated maps, though, wells drilled based on those images often come up short. Zhu's team reasoned that there were literally parts of the picture that the 3D imaging wasn't capturing. They suspected that obtaining images of the same reserves on different dates -- adding time to create a kind of 4D animation -- would help build a more accurate picture.

Another piece of the puzzle would be to include more features of the seismic data in the analysis. Previously, oil reserves were spotted by the longer amount of time it takes sound to move through them. To this time data, the Penn State scientists added the amplitude of the signal -- how oil damped out its loudness.

This all posed computational problems. The computer would need lots of fast processors to crunch the calculations in a reasonable amount of time. But it would also need to temporarily store parts of the problem in its memory -- like RAM in a laptop -- so that it didn't need to keep going back to read the stored data, which slows everything down. Bridges-2, with over a thousand powerful central processing units (CPUs) in its regular memory nodes, could provide the speed. It could also provide the memory, as its CPU nodes each feature between 256 and 512 gigabytes of RAM -- eight to 16 times as much as a high-end gaming laptop.

"We have two postdocs and also one graduate student using Bridges-2 ... the first phase of using Bridges-2 was to parallelize our research code ... and make it more practical ... The second phase is really to implement the code to the field data ... PSC guaranteed me a hundred thousand computing hours, and also the memory to store my data, my field data ... That just cannot be achieved with our local [resources]." -- Tieyuan Zhu, Penn State

The team's repeated measurements and expanded analysis yielded paydirt. They found that the images mapped out by time alone, in a single measurement, missed structures within the oil reserve. Some of these structures, such as a layer of more solid rock within the reserve, wouldn't affect the speed of the sound enough to be detected. But it would prevent a well from sucking up the oil below it. The solution, in some cases, was simple. Drill a little deeper, and the rest of the oil would be accessible. The scientists reported their results in the journal Geophysics in September, 2024, with a more extensive result in the same journal in April, 2025.

The current report was just a proof of concept for their approach in a limited geological area, about 9 square miles. Currently, the team is expanding their computations to more nodes, so that the method can produce accurate maps for much larger areas, dozens of square miles. Another option Zhu's group may explore in scaling up their work is using Bridges-2's extreme memory nodes, which have 4,000 gigabytes of RAM apiece.
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Autism may be the price of human intelligence | ScienceDaily

About one in 31 (3.2%) children in the United States has been identified with Autism Spectrum Disorder. Globally, the World Health Organization estimates that around one in 100 children have autism. From an evolutionary perspective, many scientist believe that autism and schizophrenia may be unique to humans. It is very rare to find behaviors associated with the disorders in non-human primates. In addition, behaviors associated with those disorders generally involve cognitive traits like speech production and comprehension that are either unique to or much more sophisticated in humans.

With the development of single cell RNA-sequencing, it became possible to define specific cell types across the brain. As investigators published more large-scale datasets, it became clear that the mammalian brain contains a staggering array of neuronal cell types. In addition, large-scale sequencing studies have identified extensive genetic changes in the brain unique to Homo sapiens -- genomic elements that did not change much in mammalian evolution in general but evolved rapidly in humans.

While previous investigations found that some cell types have remained more consistent throughout evolution than others, the factors driving these differences in evolutionary rate remain unknown. Researchers here investigated recently published cross-species single-nucleus RNA sequencing datasets from three distinct regions of the mammalian brain. They found that the most abundant type of outer-layer brain neurons, L2/3 IT neurons, evolved exceptionally quickly in the human lineage compared to other apes. Surprisingly, this accelerated evolution was accompanied by dramatic changes in autism-associated genes, which was likely driven by natural selection specific to the human lineage. The researchers here explain that although the results strongly suggest natural selection for Autism Spectrum Disorder-associated genes, the reason why this conferred fitness benefits to human ancestors is unclear.

Answering this is difficult because we do not know what human-specific features of cognition, brain anatomy, and neuronal wiring gave human ancestors a fitness advantage, but the investigators here speculate that many of these genes are associated with developmental delay, so their evolution could have contributed to the slower postnatal brain development in humans compared to chimpanzees. Furthermore, the capacity for speech production and comprehension unique to humans is often affected by autism and schizophrenia.

It's possible that the rapid evolution of autism-linked genes conferred a fitness advantage by slowing postnatal brain development or increasing the capacity for language; the lengthier brain development time in early childhood was beneficial to human evolution because it led to more complex thinking.

"Our results suggest that some of the same genetic changes that make the human brain unique also made humans more neurodiverse," said the paper's lead author, Alexander L. Starr.
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Cocoa supplements show surprising anti-aging potential | ScienceDaily
Could cocoa extract supplements rich in cocoa flavanols reduce inflammation and, in turn, prevent age-related chronic diseases? In a new study from the COcoa Supplement and Multivitamin Outcomes Study (COSMOS), investigators from Mass General Brigham and their colleagues looked at changes in five age-related markers of inflammation among participants who received daily cocoa supplements over several years. They found that hsCRP -- an inflammatory marker that can signal increased risk of cardiovascular disease -- decreased in participants taking the cocoa extract supplement, suggesting its anti-inflammatory potential may help explain its heart-protective effects. Their results are published in Age and Ageing.


						
Nutritional interventions have become an increasingly attractive solution for slowing inflammatory aging, so called "inflammaging." Cocoa extract has been shown in previous, smaller studies to reduce inflammatory biomarkers, thanks to flavanols -- small, bioactive compounds found not only in the cocoa bean but also berries, grapes, tea, and other plant-based foods. To bridge the gap between these studies and humans, researchers launched the large-scale COSMOS trial, which examines the effects of cocoa extract on cardiovascular disease, and whether inflammaging may explain those effects.

"Our interest in cocoa extract and inflammaging started on the basis of cocoa-related reductions in cardiovascular disease," said corresponding author Howard Sesso, ScD, MPH, associate director of the Division of Preventive Medicine and associate epidemiologist at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "We also appreciate the important overlap between healthy aging and cardiovascular health, where aging-related inflammation can harden arteries and lead to cardiovascular disease. Because of that, we wanted to see whether multi-year cocoa extract supplementation versus a placebo could modulate inflammaging -- and the data suggests it does."

Between 2014 and 2020, Brigham and Women's Hospital led the COSMOS trial, a large-scale, randomized, double-blind, placebo-controlled clinical trial with 21,442 participants over 60 years old, finding that cocoa extract supplementation decreased cardiovascular disease mortality by 27%.

In this new study, researchers collected and analyzed blood samples of 598 COSMOS participants to measure several inflammaging biomarkers: three pro-inflammatory proteins (hsCRP, IL-6, and TNF-a), one anti-inflammatory protein (IL-10), and one immune-mediating protein (IFN-g). Comparing changes in these biomarkers measured at baseline, 1, and 2 years follow-up, hsCRP levels decreased by 8.4% each year compared with placebo, while the other biomarkers remained relatively consistent or increased modestly.

"Interestingly, we also observed an increase in interferon-g, an immune-related cytokine, which opens new questions for future research," said senior author Yanbin Dong, MD/PhD, Director of the Georgia Prevention Institute (GPI) and cardiologist/population geneticist at the Medical College of Georgia/Augusta University. "While cocoa extract is not a replacement for a healthy lifestyle, these results are encouraging and highlight its potential role in modulatingi nflammation as we age.

The decrease in hsCRP may help explain the cardio-protective effects seen with cocoa extract supplement in the larger COSMOS trial, where participants experienced a reduction in cardiovascular disease death. Researchers said that changes in the other inflammaging markers, including a small reduction in IL-6 observed in female but not male participants, warrant additional study. The team will continue to evaluate the COSMOS trial to determine whether the cocoa -- and multivitamin -- regimens can curb more severe inflammaging, as well as other important aging-related health outcomes.




"This study calls for more attention to the advantage of plant-based foods for cardiovascular health, including cocoa products rich in flavanols," added Sesso. "It reinforces the importance of a diverse, colorful, plant-based diet -- especially in the context of inflammation."

Authorship: In addition to Sesso, Mass General Brigham authors include Sidong Li, Rikuta Hamaya, Allison Clar, Pamela M. Rist, and JoAnn E. Manson. In addition to Dong, Augusta University authors include Haidong Zhu and Ying Huang.

Disclosures: Manson and Sesso received investigator-initiated grants from Mars Edge, a segment of Mars Incorporated dedicated to nutrition research and products, for infrastructure support and donation of COSMOS study pills and packaging, and Pfizer Consumer Healthcare (now Haleon) for donation of COSMOS study pills and packaging during the conduct of the study. Sesso additionally reported receiving investigator-initiated grants from Pure Encapsulations, American Pistachio Growers, and Haleon, and honoraria and/or travel for lectures from the Council for Responsible Nutrition, BASF, Haleon, and NIH during the conduct of the study. No other authors reported any conflicts of interests for this study

Funding: This work is supported by the National Institutes of Health (HL157665). The COcoa Supplement and Multivitamin Outcomes Study (COSMOS) is supported by an investigator-initiated grant from Mars Edge, a segment of Mars dedicated to nutrition research and products, which included infrastructure support and the donation of study pills and packaging. Pfizer Consumer Healthcare (now Haleon) provided support through the partial provision of study pills and packaging. COSMOS is also supported in part by the National Institutes of Health (AG050657, AG071611, and EY025623). Neither company had a role in the trial design or conduct, data collection, data analysis, or manuscript preparation or review.
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Four strange secrets scientists just found in beer and wine | ScienceDaily
Scientists regularly uncork fresh insights into beer and wine -- even though they were invented thousands of years ago. Four recent discoveries go beyond buzz and bouquet, diving into the haziness and gluten content of beer as well as the astringent taste and potential health impacts of wine. Sip back and learn more about research published in ACS' Journal of Agricultural and Food Chemistry.


						
1. Yeast extracts add haze to lager beer.

Hazy beer styles are becoming more popular, and their namesake characteristic usually comes from tiny particles made of barley proteins and hop polyphenols. Alternatively, to produce haziness, researchers have added yeast extracts to two brands of clear lager. The additions made both beverages extremely cloudy because of interactions between ribonucleic acids (RNA) in the extract and proteins in the beer. The researchers say that yeast RNA extracts could be another way to create desirable haziness levels.

2. Lateral flow test detects gluten in beer, food.

People who want or need to avoid gluten should know whether their drinks are safe to consume. A new lateral flow strip detects this protein in food and drinks, and it is sensitive to concentrations from 0 to more than 20 parts per million (ppm). The strip's three lines indicate four ranges below the U.S. Food and Drug Administration's gluten-free limit (20 ppm), showing results in less than three minutes with 98% accuracy. Researchers demonstrated the device's effectiveness using real-world samples, including foods labeled gluten-free and a gluten-containing beer.

3. Tannins in red wine make you pucker.

A recent small-scale study examined why red wine has an astringent taste, often described as drying or lip-puckering. Trained tasting panelists rated red wines with higher tannin content as more astringent. The researchers found that tannins act like a lid for the tiny aquaporin channels in the tongue and salivary glands, letting water exit more than it enters. They say this discovery helps explain red wine's drying mouthfeel and enhances the understanding of beverages' perceived characteristics.

4. Wine sulfites change the gut microbiome.

Sulfites help wine last longer but can cause headaches or digestive issues for some people. So, researchers studied in lab tests how sulfites added to wine and an ethanol-containing liquid affect gut bacteria. They passed the samples through a three-stage process meant to mimic human digestion. After digestion, samples with sulfites contained lower amounts of some beneficial bacteria and greater amounts of bacteria related to negative health effects than before digestion. However, the changes were less in the real wine samples, which the researchers say suggests compounds, such as polyphenols, in wine offered slight protection
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Hidden Alzheimer's warning signs found in Parkinson's patients without dementia | ScienceDaily

In this study, led by first author Keiko Hatano and corresponding author Masashi Kameyama from the Tokyo Metropolitan Institute for Geriatrics and Gerontology in Japan, researchers found that patients with Parkinson's disease (PD) diagnosed in their 80s showed a significantly higher rate of amyloid positivity -- an indicator associated with Alzheimer's disease -- compared to those diagnosed at a younger age. Importantly, none of the participants had dementia. These findings suggest that older patients with PD may face a greater risk of future cognitive decline and could benefit from early screening for Alzheimer's-related brain changes.

Amyloid-beta is considered a key marker of cognitive decline. While it is known that amyloid accumulation contributes to PD with dementia, its role in patients who have not developed cognitive problems remains less understood. This study aimed to explore how age influences amyloid buildup in people with PD who do not yet show signs of dementia.

The researchers analyzed data from 89 individuals with PD and no signs of dementia. Participants were divided into two age-based groups: those diagnosed before age 73 (LOW group) and those diagnosed at age 73 or older (HIGH group). Using cerebrospinal fluid samples, they measured levels of amyloid-beta, a standard method for detecting early Alzheimer's-related changes. The findings revealed that 30.6% of the older group tested positive for amyloid, compared to just 10.0% in the younger group.

"[...] we elucidated the prevalence of amyloid positivity in patients with PD without dementia, whose mean age at diagnosis was 80.2 years, using CSF Ab42 levels."

Interestingly, both age groups of Parkinson's patients had a lower rate of amyloid positivity than cognitively normal individuals of the same age in the general population. This unexpected result suggests that PD may alter how amyloid accumulates in the brain, possibly shortening the phase in which amyloid builds up silently before symptoms appear. The authors suggest that amyloid buildup could accelerate the transition from healthy cognition to dementia in patients with PD. The study also observed age-related associations with other biological markers of Alzheimer's disease, such as tau protein levels.

As the global population continues to age and the number of older adults diagnosed with PD grows, identifying early warning signs of cognitive decline becomes increasingly important. These findings may help inform future screening approaches and support the development of therapies aimed at delaying or preventing dementia in people with Parkinson's disease.
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How the brain decides which moments you'll never forget | ScienceDaily
Some memories are easy to recall -- lush with detail, fresh as the moment itself. Others are more tenuous, like faded sketches, and the most stubborn ones can refuse to resurface at all. Why do our brains enshrine some memories so indelibly, and let others slip away?


						
A new Boston University study has a potential answer, suggesting that memories of mundane moments are given extra sticking power if they become connected to a significant event -- something surprising, rewarding, or carrying an emotional punch. Watch your Powerball numbers cash in, for example, and you're likely to remember what you were doing in the moments before, however unremarkable and unmemorable they might have otherwise been. The findings, published in Science Advances, could potentially lead to improved treatments for people with memory problems or even help students retain tricky concepts.

"Memory isn't just a passive recording device: Our brains decide what matters, and emotional events can reach back in time to stabilize fragile memories," says Robert M.G. Reinhart, a BU College of Arts & Sciences associate professor of psychological and brain sciences. "Developing strategies to strengthen useful memories, or weaken harmful ones, is a longstanding goal in cognitive neuroscience. Our study suggests that emotional salience could be harnessed in precise ways to achieve those goals."

In their paper, he and his colleagues give the example of someone hiking through Yellowstone National Park and stumbling across a herd of majestic bison. The wow of that moment, they discovered, would not just cement the one magical experience in the mind, but lots of little, more run-of-the-mill events leading up to and away from it -- a rock spotted on the path, a small animal darting into the undergrowth.

"The question is, What are the mechanisms for that?" says Reinhart, who's also a College of Engineering associate professor of biomedical engineering and a faculty member at the BU Center for Systems Neuroscience. "That's what we tried to uncover, how the brain selectively strengthens those fragile memories."

How the Brain Selects Which Memories to Preserve

While most of us know that special moments get a revered spot in our memory banks, researchers have been divided on concepts known as retroactive and proactive memory enhancement -- the prioritization of memories immediately before or after a big, or salient, event. Previous studies have disagreed on whether or not weaker memories are stabilized, or made easier to recall, by attachment to a more prominent one.




Reinhart says the latest project, which included close to 650 participants, ten individual studies, and the use of artificial intelligence to analyze a broader set of data, is the first to definitively show that memory enhancement does happen. One major difference with past studies: they found the brain uses a sliding scale to decide which memories to preserve. Many of the team's experiments involved showing participants dozens of images -- connected to different levels of rewards -- then giving them a surprise memory test the next day.

With things that occurred after an event, proactive memories, the strength of recall seemed to depend on the emotional impact of the big moment itself -- the more enduring the salient event, the more likely everything after it was to be remembered. That didn't apply when reaching back to the things that happened in the runup, the retroactive memories. They were more likely to be cemented if they had similarities -- perhaps a visual cue, like a matching color -- that connected them to the pivotal event. According to Reinhart, it's the first validation in humans of "graded prioritization, a new principle of how the brain consolidates everyday experiences."

"For the first time, we show clear evidence that the brain rescues weak memories in a graded fashion, guided by their high-level similarity to emotional events," says Chenyang (Leo) Lin (GRS'30), the paper's first author and a doctoral student in the Reinhart Lab. "It's not just timing that matters, but also conceptual overlap."

The researchers also found that if any secondary memories carried emotional weight themselves, the memory enhancement effect was diminished. "The brain seems to prioritize fragile memories that would otherwise slip away," says Reinhart, who has published a series of highly cited papers on how memory functions. Much of his research has also included brain stimulation -- using noninvasive techniques to improve working and long-term memory in older adults or to curb obsessive-compulsive behavior.

Rescuing Memories; Improving Test Scores

Although the latest study was focused on uncovering a basic mechanism guiding how memories are encoded, Reinhart says the work could lay the foundation for future clinical and other real-world studies and interventions.

"The discovery has broad implications for both theory and practice," says Reinhart. "In education, pairing emotionally engaging material with fragile concepts could improve retention. In a clinical setting, we could potentially rescue memories that are weak, way back in the recesses of our mind because of normal aging, for example. You can flip it, too, for people with trauma-related disorders -- maybe you don't want to rescue a distressing memory."

Reinhart's research is funded by the National Institutes of Health, the International Obsessive-Compulsive Disorder Foundation, the AE Research Foundation, and philanthropy.
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What happens to your body when you eat too many ultra-processed foods | ScienceDaily
Ultra-processed foods (UPFs) are industrially altered products - like soda, snacks and processed meats - packed with additives and stripped of nutrients. Hundreds of new ingredients, previously unknown to the human body, now make up nearly 60% of the average adult's diet and almost 70% of children's diets in the United States.


						
These products reduce nutritional value, extend shelf life, and tend to increase how much people consume. In the U.S., UPFs account for about 60% of daily calorie intake. High consumption of these foods has been linked to greater risks of obesity, cancer, metabolic and cardiovascular diseases, mental health issues, and even premature death.

New research from Florida Atlantic University's Charles E. Schmidt College of Medicine shows that people who consume the most UPFs have significantly higher levels of high-sensitivity C-reactive protein (hs-CRP), a sensitive marker of inflammation and a strong predictor of cardiovascular disease.

Until now, there have been limited data from nationally representative U.S. populations on the link between UPF intake and hs-CRP levels.

Results of the study, published in The American Journal of Medicine, show that participants consumed a median of 35% of their daily calories from UPFs, ranging from just 0% to 19% in the lowest group to 60% to 79% in the highest. After accounting for factors like age, gender, smoking, physical activity and other health indicators, researchers found that individuals in the highest UPF intake group (60% to 79% of daily calories) had an 11% higher likelihood of elevated hs-CRP levels compared to those in the lowest intake group. Even moderate UPF consumers (40% to 59%) showed a 14% increase in likelihood. Those with 20% to 39% intake had a smaller, nonsignificant 7% increase.

The likelihood was especially high in certain groups. Adults aged 50 to 59 had a 26% higher risk of elevated inflammatory markers compared to those aged 18 to 29. Obesity contributed to an 80% higher risk compared to people with a healthy weight. Current smokers also had a higher risk (17%) than people who never smoked. Interestingly, individuals who reported no physical activity did not have a statistically significant increase in risk compared to those who met activity guidelines.

"These findings, based on a large and nationally representative sample of U.S. adults, clearly show that people who consume the highest amounts of ultra-processed foods have significantly higher levels of high-sensitivity C-reactive protein, a key marker of inflammation," said Allison H. Ferris, M.D., FACP, senior author, professor and chair of the FAU Department of Medicine. "These results carry important implications not only for clinical practice and public health strategies but also for future research aimed at understanding and reducing the health risks associated with ultra-processed food consumption."

Researchers analyzed data from 9,254 U.S. adults in the National Health and Nutrition Examination Survey, including diet, hs-CRP and other health factors. UPF intake was measured as a percentage of total calories and grouped into four levels. They used statistical methods, including logistic regression, to examine the link between UPF consumption and inflammation.




"C-reactive protein is produced by the liver, and the hs-CRP protein test is a simple, affordable and highly sensitive measure of inflammation as well as a reliable predictor of future cardiovascular disease," said Charles H. Hennekens, M.D., FACPM, FACC, co-author, the First Sir Richard Doll Professor of Medicine and Preventive Medicine, and senior academic advisor, Schmidt College of Medicine. "We believe that health care professionals may wish to consider actively engaging with their patients about the risks of UPFs and benefits of increasing whole food consumption."

The authors also highlight a significant rise in colorectal cancer rates in the U.S., particularly among younger adults. They suggest that increased consumption of UPFs may be a contributing factor, along with its potential role in several other gastrointestinal diseases.

Drawing a parallel to the history of tobacco, the authors note that it took decades for mounting evidence and the efforts of progressive health officials to lead to policies discouraging cigarette use. They believe a similar trajectory is likely for UPFs, with growing awareness eventually driving meaningful public health action.

"The multinational companies that produce ultra-processed foods are very influential, much like tobacco companies were in the past, so policy changes to promote whole foods and reduce UPF consumption may take time," said Hennekens. "However, government efforts to reduce harmful additives, improve food labeling, and promote healthier options in programs and schools are important steps in the right direction. At the same time, health care providers should be aware of the challenges many people face in accessing affordable, healthier choices, which calls for a broader and coordinated public health response."

Study co-authors are Kevin Sajan, a medical student at Geisinger Commonwealth School of Medicine; Nishi Anthireddy, a medical student at FAU; Alexandra Matarazzo, a medical student at FAU; and Caio Furtado, M.D., a resident physician in FAU's internal medicine residency program.
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Mysterious "quantum echo" in superconductors could unlock new tech | ScienceDaily
Scientists at the U. S. Department of Energy Ames National Laboratory and Iowa State University have discovered an unexpected "quantum echo" in a superconducting material. This discovery provides insight into quantum behaviors that could be used for next-generation quantum sensing and computing technologies.


						
Superconductors are materials that carry electricity without resistance. Within these superconductors are collective vibrations known as "Higgs modes." A Higgs mode is a quantum phenomenon that occurs when its electron potential fluctuates in a similar way to a Higgs boson. They appear when a material is undergoing a superconducting phase transition.

Observing these vibrations has been a long-time challenge for scientists because they exist for a very short time. They also have complex interactions with quasiparticles, which are electron-like excitations that emerge from the breakdown of superconductivity.

However, using advanced terahertz (THz) spectroscopy techniques, the research team discovered a novel type of quantum echo, called the "Higgs echo," in superconducting niobium materials used in quantum computing circuits.

"Unlike conventional echoes observed in atoms or semiconductors, the Higgs echo arises from a complex interaction between the Higgs modes and quasiparticles, leading to unusual signals with distinct characteristics," explained Jigang Wang, a scientist at Ames Lab and lead of the research team.

According to Wang, the Higgs echo can remember and reveal hidden quantum pathways within the material. By using precisely timed pulses of THz radiation, his team was able to observe these echoes. Using these THz radiation pulses, they can also use the echoes to encode, store, and retrieve quantum information embedded within this superconducting material.

This research demonstrates the ability to control and observe quantum coherence in superconductors and paves the way for potential new methods of quantum information storage and processing.

"Understanding and controlling these unique quantum echoes brings us a step closer to practical quantum computing and advanced quantum sensing technologies," said Wang.

This project was partially supported through the Superconducting Quantum Materials and Systems Center (SQMS).
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Scientists just found rare spores inside a fossil older than dinosaurs | ScienceDaily
Brazilian paleobotany has just solved an enigma: the redefinition of a fossil plant described decades ago in southern Brazil and the creation of a new genus, Franscinella, to accommodate the species now called Franscinella riograndensis (Salvi et al.) Carniere, Pozzebon-Silva, Guerra-Sommer, Uhl, Jasper et. Spiekermann comb. nov. The study is part of the master's thesis by Julia Siqueira Carniere, currently a doctoral student in the Graduate Program in Environment and Development at Univates (PPGAD). The article, recently published in the scientific journal Review of Palaeobotany and Palynology, reinterprets the type material previously classified as Lycopodites riograndensis and establishes the first record of lycopodites with in situ spores in the Permian strata of the Parana Basin.


						
The discovery reclassifies its original taxonomy and presents a possible resolution to a scientific challenge that had persisted for more than 50 years -- finding in situ plant spores preserved in Upper Paleozoic clastic rocks (between 298.9 million years and 252.17 million years) for Brazil. The feat was made possible thanks to the way the fossil material was preserved, a set of cutting-edge methodologies combining advanced microscopy techniques and an interdisciplinary collaboration between leading institutions in Brazil.

A new look at a classic fossil

The species Lycopodites riograndensis had originally been described on the basis of general macro-morphological characteristics observed in the fossil material. These analyses, made decades ago, considered the shape and arrangement of the stems, but did not have access to more detailed internal information, especially about the anatomy and spores.

With advances in microscopic preparation and analysis techniques, the team led by the University of Vale do Taquari -- Univates, through the Graduate Program in Environment and Development (PPGAD) decided to revisit the standard material, which was available for study in the Univates Paleontological Collection. The aim was to investigate whether, using more refined methodologies, it would be possible to obtain unpublished anatomical and palynological data.

The work used scanning electron microscopy (SEM), vinyl polysiloxane silicone molding (VPS) and transmitted light microscopy, resources that allow surfaces and internal structures to be visualized with great magnification and detail. This approach revealed key elements that justified the taxonomic redefinition, including: isotomic branching in the stems, a typical feature of some fossil lycopsids; tracheids of the vascular cylinder with preserved structure, important for identifying extinct plant groups; and trilete spores with verrucate sculpture preserved in situ, i.e. still within the reproductive structures of the plant.

Obtaining the spores in situ was a decisive -- and complex -- step. The solution came with the use of the infrastructure of the itt Oceaneon Technological Institute at the University of Vale do Rio dos Sinos (Unisinos), which specializes in the recovery of microfossils -- such as pollen grains, spores and marine organisms like radiolarians and ostracodes. The itt Oceaneon team applied a specific protocol for recovering spores in situ, which proved to be efficient for this type of material.




From micro to macro: connecting fossil records

The spores found in Franscinella riograndensis show morphology compatible with the palynological genus Converrucosisporites, common in Permian deposits in the Parana Basin. This correspondence is relevant because it directly links the macrofossil record (visible parts of the plant) to the microfossil record (spores and pollen grains), broadening our understanding of past vegetation and ecosystems.

In practice, this means that researchers can now make more complete interpretations of Permian plant communities, integrating information from different lines of evidence. In addition, this correlation contributes to biostratigraphy studies, which use fossils to date and correlate rock layers.

Why is this discovery important?

The redefinition of Franscinella riograndensis shows how revisiting known fossils with new tools can generate groundbreaking discoveries. Many fossil groups, such as lycopodids, have historically been classified under broad, generic genera, in this case Lycopodites. This type of umbrella classification was a practical solution in the absence of more detailed information, but tends to be revised when new data becomes available.

From a paleobotanical point of view, the recording of lycopsids with spores in situ in the Parana Basin opens up new perspectives for reconstructing the flora of the Permian and for understanding the evolution of vascular plants. From a global scientific perspective, this study contributes to the understanding of the diversity and distribution of herbaceous lycopsids during the Permian in Gondwana, being only the fifth known record, which makes this type of occurrence rare. In addition, it allows comparisons with similar records in other regions of the world, offering new data on the evolution and ecology of these plant groups in the Paleozoic.




The path of the research: institutions and funding

The research was led by scientists from Univates, with decisive participation from itt Oceaneon/Unisinos in the palynological preparation. The work also included contributions from the Federal University of Rio Grande do Sul -- UFRGS and researchers from international institutions such as Senckenberg in Germany. Julia Siqueira Carniere, Andrea Pozzebon-Silva, Rafael Spiekermann, Lilian Maia Leandro, Margot Guerra-Sommer, Dieter Uhl and Andre Jasper.

Technical support from Tecnovates (Univates Science and Technology Park) was fundamental for the infrastructure and logistics stages. The project received funding from Brazilian science development agencies, including the National Council for Scientific and Technological Development (CNPq) and the Coordination for the Improvement of Higher Education Personnel (CAPES).

Glossary

Parana Basin -- A large sedimentary basin stretching across parts of Brazil, Paraguay, Uruguay and Argentina, containing rocks of various geological ages.

Biostratigraphy -- Branch of geology that uses fossils to correlate and date layers of sedimentary rocks.

Converrucosisporites -- A palynological genus based on the morphology of certain types of fossil spore.

Verrucate sculpture -- Surface ornamentation of spores or pollen characterized by rounded, wart-like projections.

Trilete spores -- Spores with a "Y" shaped mark resulting from the process of cell division in the formation of the spore.

Gondwana -- Supercontinent that existed from the end of the Paleozoic to the Mesozoic, bringing together the current continents of the Southern Hemisphere, such as South America, Africa, Antarctica, Australia and India.

In situ -- Latin expression meaning "in the original place"; in paleobotany, it indicates that the microfossil is preserved in the position and place of origin.

Lycopods (Lycopsida) -- Group of primitive vascular plants, with current representatives such as Selaginella and Lycopodium, but much more diverse in the past.

Type material -- Set of fossils or specimens used to formally describe a new species.

Transmitted light microscopy -- Technique that uses light passing through the sample to reveal internal structures.

Scanning electron microscopy (SEM) -- A technique that uses a beam of electrons to generate high-resolution images of the surface of a sample.

Vinyl polysiloxane silicone (VPS) molding -- A method for creating detailed molds of surfaces, often used by dentists.

Upper Paleozoic -- Subdivision of the geological time scale that covers the Carboniferous and Permian periods, between approximately 359 and 252 million years ago.

Palynomorphs -- Microfossils of organic origin, such as pollen grains, spores and some algae.

Clastic rocks -- Sedimentary rocks formed by the accumulation and compaction of fragments (clasts) of other rocks or minerals.
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Scientists uncover how to block pain without side effects | ScienceDaily
Scientists at the NYU Pain Research Center have identified which receptor in prostaglandins -- the hormone-like substance targeted by common painkillers -- causes pain but not inflammation. The findings, published in the journal Nature Communications, may help researchers to develop more selective drugs to treat pain with fewer side effects.


						
"Inflammation and pain are usually thought to go hand in hand. But being able to block pain and allow inflammation -- which promotes healing -- to proceed is an important step in improved treatment of pain," said study author Nigel Bunnett, professor and chair of the Department of Molecular Pathobiology at NYU College of Dentistry and a faculty member in the NYU Pain Research Center.

Non-steroidal anti-inflammatory drugs, or NSAIDs, are among the most commonly taken medicines in the world, with an estimated 30 billion doses each year in the US alone. The drugs are available both over the counter (e.g., ibuprofen or aspirin) and as prescription medications. Unfortunately, long-term use of most NSAIDs carries serious risks, including damage to the lining of the stomach, increased bleeding, and issues with the heart, kidneys, and liver.

NSAIDs work by blocking enzymes that produce prostaglandins, reducing the level of prostaglandins, inflammation, and pain. Scientists commonly believe that getting rid of inflammation is what treats the pain. However, inflammation -- the immune system's response to injury or infection -- can be protective.

"Inflammation can be good for you -- it repairs and restores normal function," said study author Pierangelo Geppetti, an adjunct professor at the NYU Pain Research Center, professor emeritus at the University of Florence, and former director of the Headache Center of Careggi University Hospital. "Inhibiting inflammation with NSAIDs may delay healing and could delay recovery from pain. A better strategy to treat prostaglandin-mediated pain would be to selectively reduce the pain without affecting inflammation's protective actions."

In their study, the researchers focused on prostaglandin E2 (PGE2), which is considered a main mediator of inflammatory pain, in Schwann cells. Schwann cells are found outside the brain in the peripheral nervous system and play an important role in migraine and other forms of pain.

PGE2 has four different receptors. Geppetti's prior studies point to the EP4 receptor for PGE2 as the main receptor involved in producing inflammatory pain. However, in the Nature Communications study, the researchers used a more targeted approach and found that a different receptor -- EP2 -- was largely responsible for pain. Delivering drugs locally to silence only the EP2 receptor in Schwann cells removed pain responses in mice without affecting inflammation.




"To our great surprise, blocking the EP2 receptor in Schwann cells abolished prostaglandin-mediated pain but the inflammation took its normal course. We effectively decoupled the inflammation from the pain," said Geppetti.

In additional studies in human and mouse Schwann cells, activating the EP2 receptor evoked a signal that sustained pain responses through a pathway independent from inflammatory responses, confirming the role of EP2 in pain but not inflammation.

"Antagonism of this 'druggable' receptor would thus control pain without the adverse effects of NSAIDs," noted Bunnett.

The researchers are continuing pre-clinical studies to explore how drugs that target the EP2 receptor could be used to treat pain in conditions like arthritis that would usually be treated with NSAIDs.

"Selective EP2 receptor antagonists could be very useful. While more research is needed on side effects, especially with giving a drug systemically as a pill, targeted administration that acts locally on an area like a knee joint holds promise," said Geppetti.

In addition to Bunnett and Geppetti, NYU study authors include Raquel Tonello, Chloe Peach, Dane Jensen, and Brian Schmidt, collaborating with Romina Nassini, Francesco De Logu, Lorenzo Landini, and Matilde Marini from the University of Florence; Jin Zhang of the University of California, San Diego; and Giulia Brancolini of FloNext, a company co-founded by Geppetti.

The research is supported by grants from the National Institutes of Health (NS102722, DE026806, DK118971, DE029951, R01 DK073368, R35 CA197622), the US Department of Defense (W81XWH1810431, W81XWH2210239), the European Research Council, and the European Union -- Next Generation EU, National Recovery and Resilience Plan. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health nor the European Research Council.
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Tiny stones rewrite Earth's evolution story | ScienceDaily
Earth scientists often face huge challenges when researching the Earth's history: many significant events occurred such a long time ago that there is little direct evidence available. Consequently, researchers often have to rely on indirect clues or on computer models. The team led by ETH Professor Jordon Hemingway, however, has now discovered a unique natural witness to this period: tiny egg-shaped iron oxide stones that can be used to directly measure the carbon reserves in the primordial ocean.


						
Viewed on the outside, they resemble grains of sand, but in terms of their formation, these so-called ooids are more like rolling snowballs: they grow by layers as they are pushed across the sea floor by the waves. In the process, organic carbon molecules adhere to them and become part of the crystal structure.

Examining these impurities, Hemingway's team has succeeded in retracing the supply of organic carbon in the sea -- by up to 1.65 billion years. In the journal Nature, the researchers show that, between 1,000 and 541 million years ago, this store was considerably lower than previously assumed. These findings refute the common explanations of significant geochemical and biological events of that time and cast a new light on the history of the Earth.

The ocean as a reservoir of life's building blocks

How does carbon get into the oceans? On the one hand, carbon dioxide (CO2) dissolves from the air into seawater and is transported to the depths by mixing processes and ocean currents, where it is retained for a long time. On the other hand, organic carbon is produced by photosynthetic organisms such as phytoplankton or certain bacteria. Using the energy of sunlight and CO2, these microscopic organisms produce organic carbon compounds themselves. When the organisms die, they slowly sink towards the sea floor as marine snow. If it reaches the sea floor without being eaten by organisms along the way, the carbon is stored in the sea floor for millions of years.

But it is not only phytoplankton that provides a supply of carbon components. The building blocks of life are also reused: microorganisms decompose excrement and dead organisms, thereby releasing the building blocks again. These molecules form what is known as dissolved organic carbon, which drifts freely in the ocean: a huge reservoir of building blocks that contains 200 times more carbon than is actually 'built into' marine life.

The oxygen revolution changed everything

Based on anomalies in oceanic sedimentary rocks, researchers assumed that this building block reservoir must have been particularly voluminous between 1,000 and 541 million years ago. For a long time, this assumption served as the foundation for explaining how ice ages and complex life emerged at the same time. The photosynthetic production of the building blocks of life is closely linked to the development of the atmosphere and more complex life forms. It was only through photosynthesis that oxygen began to accumulate in the atmosphere.




In two waves -- referred to as the oxygen catastrophes -- the oxygen content rose to its current level of 21 percent. Both events were accompanied by extreme ice ages that covered the entire planet in glaciers. Nevertheless, life continued to tinker and potter with new inventions: during the first oxygen catastrophe 2.4 to 2.1 billion years ago, organisms developed a metabolism converting food into energy with the help of oxygen. This exceedingly efficient way of generating energy enabled the development of more complex life forms.

Carbon content much lower than assumed

Hemingway's team is tracking such connections between geochemical and biological developments. The researchers have developed a new method that allows them to directly determine the size of the marine building block store at that particular time, based on the carbon particles in ooids.

"Our results contradict all previous assumptions," as Hemingway summarizes. According to the measurements taken by the ETH researchers, between 1,000 to 541 million years ago, the ocean did not contain more, but actually 90 to 99 percent less dissolved organic carbon than it does today. It was only after the second oxygen catastrophe that the values rose to the current level of 660 billion tonnes of carbon.

"We need new explanations for how ice ages, complex life and oxygen increase are related," says lead author Nir Galili. He explains the massive shrinkage of the carbon store with the emergence of larger organisms at that time: single-celled and early multicellular organisms sank faster after their death, thereby increasing marine snowfall.

However, the carbon particles were not recycled in the deeper layers of the ocean because there was very little oxygen there. They settled on the sea floor, causing the reservoir of dissolved organic carbon to decline sharply. It was only when oxygen accumulated in the deep sea that the carbon reservoir grew back to its current volume.

From the primordial ocean to the present day

Although the periods studied are long past, the research findings are significant for the future. They change our view of how life on earth and possibly also on exoplanets has developed. At the same time, they help us understand how the Earth responds to disturbances, and humans are one such disturbance: the warming and pollution of the oceans caused by human activities are currently leading to a decline in marine oxygen levels. Consequently, it cannot be ruled out that the events described could repeat themselves in the distant future.
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A pink bumpy snailfish was just discovered miles beneath the ocean | ScienceDaily
The bumpy snailfish is one of three new species of deep-sea snailfish described by MBARI collaborators at SUNY Geneseo.


						
MBARI's advanced underwater technology is revealing the remarkable species that thrive in the deep sea. In 2019, MBARI researchers encountered an unfamiliar pink snailfish swimming just above the seafloor. New research from MBARI collaborators has confirmed this individual represents a species previously unknown to science: the bumpy snailfish (Careproctus colliculi).

A team of researchers from the State University of New York at Geneseo (SUNY Geneseo), with scientists from the University of Montana and the University of Hawai`i at Manoa, published their findings in the scientific journal Ichthyology and Herpetology, describing the bumpy snailfish observed by MBARI researchers alongside two other snailfishes from the abyssal seafloor offshore of California.

"MBARI seeks to make ocean exploration more accessible by sharing our data and technology with our peers in the science community. We welcomed the opportunity to collaborate with researchers from SUNY Geneseo to expand our understanding of life in the deep ocean, especially since documenting deep-sea biodiversity is critical to detecting any changes that may be occurring in this environment," said MBARI Senior Scientist Steven Haddock, who led the research expedition that encountered the bumpy snailfish.

Uncovering secrets to survival in extreme environments

Snailfishes belong to the family Liparidae. They typically have a large head, jelly-like body covered in loose skin, and narrow tail. Many snailfish species have a disk on their belly that allows them to grip the seafloor or hitchhike on larger animals, such as deep-sea crabs. Shallow-water snailfishes often cling to rocks and seaweed, curling up like a snail.

Scientists have described more than 400 different species of snailfish worldwide. These fishes make their homes in a variety of ocean habitats, from shallow tide pools to deep-sea trenches. In fact, a snailfish holds the record for the deepest-dwelling fish.




SUNY Geneseo Associate Professor Mackenzie Gerringer studies deep-sea physiology and ecology and has conducted extensive research on deep-sea snailfishes. Her research uses comparative techniques in taxonomy, functional morphology, and physiology to understand how fishes are adapted to life under crushing pressure, frigid cold, and perpetual darkness in the ocean's depths.

"The deep sea is home to an incredible diversity of organisms and a truly beautiful array of adaptations. Our discovery of not one, but three, new species of snailfishes is a reminder of how much we have yet to learn about life on Earth and of the power of curiosity and exploration," said Gerringer.

Chance encounters spark new discoveries

MBARI's Biodiversity and Biooptics Team observed the newly described bumpy snailfish during an expedition aboard the institute's retired flagship research vessel Western Flyer. Haddock and his team were exploring the outer reaches of Monterey Canyon, approximately 100 kilometers (62 miles) offshore of Central California, with MBARI's remotely operated vehicle Doc Ricketts at a depth of 3,268 meters (10,722 feet) when they observed this small snailfish swimming above the abyssal seafloor.

MBARI researchers collected this individual -- an adult female 9.2 centimeters (3.6 inches) long -- for further study in the laboratory. With features unlike other deep-sea snailfishes that MBARI had encountered offshore of California, Haddock reached out to Gerringer for more detailed analysis. MBARI frequently collaborates with expert taxonomists to review footage and specimens. These partnerships offer fresh perspectives that often spark new discoveries.

New additions to the family

Gerringer and researchers from the University of Montana and the University of Hawai`i at Manoa, including former MBARI postdoctoral fellow Jeff Drazen, examined the bumpy snailfish as part of a comprehensive analysis of three unusual snailfish specimens collected offshore of California. The team combined imaging, morphological, and genetic approaches to compare these snailfishes to other known fishes.




Using microscopy, micro-computed tomography (micro-CT) scanning, and careful measurements, the team collected detailed information about the size, shape, and physical characteristics of the three fishes, distinguishing them from all known species. They also sequenced the DNA of the specimens to compare these animals to other snailfishes and determine their evolutionary position in the family Liparidae. Their examination confirmed that all three snailfishes were new to science. The team has made their CT scan data publicly available via MorphoSource and genetic sequence data via GenBank (PV300955-PV300957 and PV298545-PV298546).

In addition to the bumpy snailfish, the SUNY Geneseo team described the dark snailfish (Careproctus yanceyi) and the sleek snailfish (Paraliparis em).

The bumpy snailfish has a distinctive pink color, a round head with large eyes, wide pectoral fins with long uppermost rays, and a bumpy texture. The dark snailfish has a fully black body with a rounded head and horizontal mouth. The sleek snailfish is distinguished from other snailfishes by a long, black, laterally compressed body, absence of a suction disk, and prominently angled jaw.

Both the dark and sleek snailfishes were collected in 2019 by Drazen and colleagues during an expedition with the submersible Alvin at Station M, a research site operated by MBARI offshore of Central California at a depth of approximately 4,000 meters (13,100 feet). MBARI scientists and researchers worldwide have leveraged a unique 30-year dataset collected by a suite of advanced instruments at Station M to make several important discoveries about abyssal ecosystems and the ocean-climate connection. The species name of the sleek snailfish, Paraliparis em, recognizes this unique research site and the people and programs that have supported the Station M time series.

Haddock's encounter is the only confirmed observation of the bumpy snailfish, so the full geographic distribution and depth range of this species remain unknown. However, a closer look at MBARI's extensive archive of underwater video suggests this species may have been previously encountered offshore of Oregon in 2009 and mistaken for a similar species, the bigtail snailfish (Osteodiscus cascadiae).

Cataloging life in the depths

The deep sea is the largest living space on Earth. The inky waters beneath the ocean's surface teem with life, including many species unknown to science. With threats like climate change and mining putting deep-sea communities at risk, documenting the residents of this environment is more urgent than ever.

Over the past 38 years, MBARI researchers and our collaborators have discovered more than 300 new species. We share video footage and specimens with taxonomy experts around the world, giving other researchers access to the deep sea. MBARI science and technology are helping establish a baseline understanding of ocean health and deep-sea biodiversity so we can better assess how climate change, pollution, mining, and other human activities will affect the marine ecosystems. From the mesmerizing "mystery mollusc" to the carnivorous harp sponge, each discovery is a new piece of the puzzle.

Funding for this work was provided by the U.S. National Science Foundation Division of Ocean Sciences (OCE-1829612), the David and Lucile Packard Foundation, and the SUNY Geneseo Research Foundation.
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Biochar's secret power could change clean water forever | ScienceDaily

The Electron Ninja: Biochar's Secret Power

The secret lies in electron transfer -- a natural ability of biochar that's been overlooked for years. Think of it like this: instead of just catching a bad guy (adsorption), biochar can now take them down on its own (direct degradation). Using advanced electrochemical tests, quantification methods, and correlation analysis, the team proved that biochar actively breaks down organic pollutants through direct electron transfer -- without needing extra chemicals. In their experiments, direct degradation accounted for up to 40% +- 10% of the total pollutant removal. That's almost half the cleaning power coming straight from the biochar itself!

What Makes Biochar So Electric?

Not all biochar is created equal. The team discovered that three key features supercharge its electron power:
    	C-O and O-H functional groups - the "handholds" for electron transfer
    	Graphitic carbon structure - the "highway" for electrons to travel fast The better the structure, the more electrons flow, and the faster pollutants vanish.

Even after five reuse cycles, the biochar kept its direct degradation power -- nearly 100% stable. That's sustainability with stamina.

Why This Changes Everything

This study flips the script on how we use biochar in wastewater treatment. It's not just a passive filter or a sidekick catalyst -- it's an active pollutant destroyer.




This means:
    	Fewer chemicals needed in water treatment plants
    	Lower costs and less sludge
    	Greener, smarter purification for industries and communities

"Biochar has been underestimated," says Dr. Gao. "It's not just a sponge -- it's a battery, a conductor, and a degrader all in one. We're just beginning to tap into its true potential."

A New Era for Environmental Engineering

With industrial pollution still a global challenge, discoveries like this are more than just lab wins -- they're blueprints for a cleaner future. By clarifying the difference between adsorption, direct degradation, and indirect (catalytic) degradation, this research paves the way for smarter, more efficient biochar design -- custom-built for real-world water crises. And at the heart of it all is Dalian University of Technology, shining as a hub of innovation in environmental science and industrial ecology.

Ready to Rethink "Clean"?

Next time you hear "biochar," don't just think "carbon-rich charcoal." Think electron-powered eco-warrior -- silently zapping pollutants, one electron at a time. Kudos to Dr. Yuan Gao and the DUT team for pushing the boundaries of green tech. Stay tuned, stay curious, and let's keep turning science into solutions -- for cleaner water, healthier ecosystems, and a more sustainable world.
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Toxic waste could become the next clean energy breakthrough | ScienceDaily
A sticky, toxic by-product that has long plagued renewable energy production may soon become a valuable resource, according to a new review published in Biochar.


						
When biomass such as crop residues, wood, or other organic matter is heated to produce clean energy and biochar, it also generates a thick liquid known as bio-tar. This tar easily clogs pipelines, damages equipment, and poses environmental risks if released into the atmosphere. For decades, researchers have sought ways to eliminate or neutralize it.

Now, a team led by scientists at the Chinese Academy of Agricultural Sciences argues that instead of being treated as waste, bio-tar can be converted into "bio-carbon" -- a novel material with applications ranging from water purification to clean energy storage.

"Our review highlights how turning bio-tar into bio-carbon not only solves a technical problem for the bioenergy industry, but also opens the door to producing advanced carbon materials with high economic value," said senior author Dr. Zonglu Yao.

The review examines how chemical reactions inside bio-tar, particularly those involving oxygen-rich compounds like carbonyls and furans, naturally promote polymerization -- processes where small molecules link together to form larger, more stable carbon structures. By carefully adjusting temperature, reaction time, and additives, researchers can harness this process to produce bio-carbon with tailored properties.

The resulting material, the authors note, is distinct from ordinary biochar. Bio-carbon typically has higher carbon content, lower ash, and unique structural features that make it especially suited for advanced uses. Early studies suggest that bio-carbon could serve as:
    	Adsorbents to clean polluted water and air by trapping heavy metals and organic contaminants.
    	Electrode materials for next-generation supercapacitors, which are vital for renewable energy storage.
    	Catalysts that speed up industrial chemical reactions more sustainably than traditional fossil-based options.
    	Clean-burning fuels with lower emissions of harmful nitrogen and sulfur oxides.

Importantly, recent economic and life-cycle assessments suggest that converting bio-tar into bio-carbon can deliver net-positive energy, financial, and environmental benefits. For example, replacing coal with bio-carbon fuels could cut carbon dioxide emissions by hundreds of millions of tons annually, while also generating profits for biomass processing plants.

Still, challenges remain. The chemical complexity of bio-tar makes it difficult to fully control the polymerization process, and large-scale production has not yet been achieved. The authors recommend combining laboratory experiments with computer simulations and machine learning to optimize reaction pathways and design bio-carbon with specific functions.

"Bio-tar polymerization is not just about waste treatment -- it represents a new frontier for creating sustainable carbon materials," said first author Yuxuan Sun. "With further research, this approach could significantly improve the efficiency of biomass energy systems while providing new tools for environmental protection and clean technology."

The study provides a roadmap for scientists and industry partners to turn one of bioenergy's biggest obstacles into a powerful resource for the future.
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Hidden "electron highways" beneath our feet could revolutionize pollution cleanup | ScienceDaily
Beneath our feet, an invisible world of electron exchanges quietly drives the chemistry that sustains ecosystems, controls water quality, and even determines the fate of pollutants. A new review published in Environmental and Biogeochemical Processes sheds light on how electrons travel through soils and sediments across surprisingly long distances -- sometimes spanning centimeters to meters -- reshaping our understanding of underground environments and offering new strategies for pollution cleanup.


						
Redox reactions -- the give-and-take of electrons between chemical species -- are fundamental to life and environmental stability. They govern how nutrients cycle, how contaminants move, and how microbes harvest energy. Traditionally, scientists believed these reactions were confined to microscopic "hotspots" at mineral or microbial surfaces. But the new study, led by researchers from the China University of Geosciences, shows that electron transfer (ET) in the subsurface can extend far beyond the nanoscale, linking distant chemical zones into vast underground electron networks.

At the smallest scales, ET occurs directly at mineral-water or microbe-mineral interfaces, where single molecules or cells exchange electrons over nanometers. But recent discoveries reveal more dramatic processes: conductive minerals, natural organic molecules, and even specialized bacteria known as "cable bacteria" can act as electron bridges, transmitting charges across centimeters. In some cases, stepwise connections form "long-distance ET chains" that span tens of centimeters or more, effectively creating underground electron highways.

"These findings challenge the old view that electron transfer is strictly local," said corresponding author Prof. Songhu Yuan. "We now know that redox processes can connect across surprisingly large distances, coupling reactions in one zone with those in another. This has profound implications for contaminant remediation and environmental sustainability."

The review highlights how these multiscale ET processes influence both natural cycles and human-driven pollution management. For example, long-distance ET can enable "remote remediation," in which contaminants are degraded in hard-to-reach zones without direct chemical injection. Conductive minerals or added biochar can expand microbial activity, while cable bacteria help couple oxygen at the sediment surface with sulfide deep below, reducing harmful emissions.

The authors also outline the next frontiers in ET research: developing better tools to measure electron flows across scales, creating models that integrate nanoscale reactions with field-scale processes, and designing remediation technologies that harness these natural electron pathways.

"Our work provides a conceptual framework for thinking about the subsurface as an interconnected redox system," said co-author Dr. Yanting Zhang. "By understanding how electrons move underground, we can better predict the fate of nutrients and pollutants and design more effective strategies to protect groundwater and ecosystems."

This synthesis bridges fundamental science with practical applications, offering hope that tomorrow's environmental engineers may one day plug into Earth's own "electron grid" to restore contaminated soils and aquifers.
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Hidden galaxy bursting with baby stars, X-ray fireworks, and cosmic energy | ScienceDaily
While it may appear unassuming at first glance, just another spiral galaxy among thousands in the Universe, this subject of this Hubble Picture of the Week has plenty to study. NGC 7456 is its name, located over 51 million light-years away in the constellation Grus (the Crane).


						
In this image we see in fine detail the patchy spiral arms of this galaxy, followed by clumps of dark, obscuring dust. Blossoms of glowing pink are rich reservoirs of gas where new stars are forming, illuminating the clouds around them and causing the gas to emit this tell-tale red light. The Hubble program which collected this data is focused on stellar activity just like this, tracking new stars, clouds of hydrogen and star clusters to learn how the galaxy has evolved through time.

Hubble, with its ability to capture visible, ultraviolet and some infrared light, is not the only observatory focused on NGC 7456. ESA's XMM-Newton satellite has imaged X-rays from the galaxy on multiple occasions, discovering a number of so-called ultraluminous X-ray sources. These small, compact objects emit terrifically powerful X-rays, much more than would be expected for their size. Astronomers are still trying to pin down what powers these extreme objects, and NGC 7456 contributes a few more examples.

On top of that, the region around the galaxy's supermassive black hole is spectacularly bright and energetic, making NGC 7456 an active galaxy. Whether looking at its core or its outskirts, at visible light or X-rays, this galaxy has something interesting to show!
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The surprising new particle that could finally explain dark matter | ScienceDaily
Dark Matter remains one of the biggest mysteries in fundamental physics. Many theoretical proposals (axions, WIMPs) and 40 years of extensive experimental search failed to provide any explanation of the nature of Dark Matter. Several years ago, in a theory unifying particle physics and gravity, new, radically different Dark Matter candidates were proposed, superheavy charged gravitinos. Very recent paper in Physical Review Research by scientists from the University of Warsaw and Max Planck Institute for Gravitational Physics, shows how new underground detectors, in particular JUNO detector starting soon to take data, even though designed for neutrino physics, are also extremely well suited to eventually detect charged Dark Matter gravitinos. The simulations combining two fields, elementary particle physics and very advanced quantum chemistry, show that the gravitino signal in the detector should be unique and unambiguous.


						
In 1981 Murray Gell-Mann, Nobel Prize laureate for the introduction of quarks as fundamental constituents of matter, noticed the intriguing fact that the particles of the Standard Model, quarks and leptons, are contained in a theory formulated purely mathematically 2 years earlier, N=8 supergravity, distinguished by its maximal symmetry. N=8 supergravity contains, besides Standard Model matter particles of spin 1/2, also gravitational part: graviton (of spin 2) and 8 gravitinos of spin 3/2. If the Standard Model is indeed related to N=8 supergravity, the relation may possibly point to a path to solve the most difficult problem of fundamental theoretical physics -- unifying gravity with particle physics. N=8 supergravity in the spin 1/2 sector contains exactly 6 quarks (u,d,c,s,t,b) and 6 leptons (electron, muon, taon and neutrinos) and forbids the presence of any other matter particles. After 40 years of intensive accelerator research failing to discover any new matter particles the N=8 supergravity matter content is not only consistent with our knowledge but remains the only known theoretical explanation of the number of quarks and leptons in the Standard Model! However, direct connection of N=8 supergravity with the Standard Model had several drawbacks, the main one being that the electric charges of quarks and leptons were shifted by +-1/6 with respect to the known values, for example electron had charge -5/6 instead of -1. Several years ago Krzysztof Meissner from the Faculty of Physics at the University of Warsaw, Poland and Hermann Nicolai from the Max Planck Institute for Gravitational Physics (Albert Einstein Institute/AEI), Potsdam, Germany returned to the Gell-Mann's idea and were able to go beyond N=8 supergravity and modify the original proposal obtaining correct electric charges of the Standard Model matter particles. The modification is very far reaching pointing to an infinite symmetry K(E10), little known mathematically and replacing the usual symmetries of the Standard Model.

One of the surprising outcomes of the modification, described in papers in Physical Review Letters and Physical Review, is the fact that the gravitinos, presumably of the extremely large mass close to the Planck scale i.e. billion billion proton masses, are electrically charged: 6 of them have charge +-1/3 and 2 of them +-2/3. The gravitinos, even though they are extremally massive, cannot decay since there are no particles they could decay into. Meissner and Nicolai proposed therefore that 2 gravitinos of charge +-2/3 (the other 6 have much lower abundance) could be Dark Matter particles of very different kind than anything proposed so far. Namely, the widely advertized usual candidates, either extremely light like axions or intermediate (proton) mass like WIMPs (weakly interacting massive particles) were electrically neutral, in compatibility with the name 'Dark Matter'. However, after more than 40 years of intensive search by many different methods and devices no new particles beyond the Standard Model were detected.

However, gravitinos present a new alternative. Even though they are electrically charged, they can be Dark Matter candidates because being so massive they are extremely rare and therefore observationally 'do not shine on the sky' and avoid the very tight constraints on the charge of Dark Matter constituents. Moreover, the electric charge of gravitinos suggested a completely different way of trying to prove their existence. The original paper in 2024 in Eur. Phys. J. by Meissner and Nicolai pointed out that neutrino detectors, based on scintillators different from water, could be suitable for the detection of Dark Matter gravitinos. However, the search is made enormously difficult by their extreme rarity (presumably only one gravitino per 10,000 km3 in the Solar System), which is why there is no prospect of detection with currently available detectors. However, new giant, oil or liquid argon underground detectors, are either constructed or planned and realistic possibilities for searching for these particles are now opening up.

Among all detectors, the Chinese Jiangmen Underground Neutrino Observatory (JUNO) now under construction, seems predestined for such a search. It aims to determine the properties of neutrinos (actually antineutrinos) but since neutrinos interact extremely weakly with matter the detectors must have very large volumes. In the case of the JUNO detector, this means 20,000 tons of an organic, synthetic oil-like liquid, commonly used in chemical industry, with special additions, in a spherical vessel with a diameter of approximately 40 meters with more than 17 thousand photomultipliers around the sphere. JUNO is scheduled to begin measurements in the second half of 2025.

The recently published paper in Physical Review Research by Meissner and Nicolai, with collaborators Adrianna Kruk and Michal Lesiuk from the Faculty of Chemistry at the University of Warsaw, presents a detailed analysis of the specific signatures that events caused by gravitinos could produce at JUNO and in future liquid argon detectors such as the Deep Underground Neutrino Experiment (DUNE) in the United States. The paper describes not only the theoretical background both on the physics and chemistry sides but also very detailed simulation of the possible signatures as a function of the velocity and track of a gravitino traveling through the oil vessel. It required very advanced knowledge of quantum chemistry and intensive CPU-time consuming calculations. The simulations had to take into account many possible backgrounds - decay of radioactive C14 present in the oil, dark count rate and efficiency of photomultipliers, absorption of photons in oil etc. The simulations show that, with the appropriate software, passage of a gravitino through the detector will leave a unique signal impossible to be wrongly identified with a passage of any of the presently known particles. The analysis sets new standards in terms of interdisciplinarity by combining two different areas of research: theoretical and experimental elementary particle physics on one hand and very advanced methods of modern quantum chemistry on the other.

The detection of the superheavy gravitinos would be a major step forward in the search for a unified theory of gravity and particles. Since gravitinos are predicted to have masses on the order of the Planck mass, their detection would be the first direct indication of physics near the Planck scale and could thus provide valuable experimental evidence for a unification of all forces of nature.
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Cambridge scientists created a gel that could end arthritis pain | ScienceDaily
Researchers have developed a material that can sense tiny changes within the body, such as during an arthritis flare-up, and release drugs exactly where and when they are needed.


						
The squishy material can be loaded with anti-inflammatory drugs that are released in response to small changes in pH in the body. During an arthritis flare-up, a joint becomes inflamed and slightly more acidic than the surrounding tissue.

The material, developed by researchers at the University of Cambridge, has been designed to respond to this natural change in pH. As acidity increases, the material becomes softer and more jelly-like, triggering the release of drug molecules that can be encapsulated within its structure.

Since the material is designed to respond only within a narrow pH range, the team say that drugs could be released precisely where and when they are needed, potentially reducing side effects.

If used as an artificial cartilage in arthritic joints, this approach could allow for the continuous treatment of arthritis, improving the efficacy of drugs to relieve pain and fight inflammation. Arthritis affects more than 10 million people in the UK, costing the NHS an estimated PS10.2 billion annually. Worldwide it is estimated to affect over 600 million people.

While extensive clinical trials are needed before the material can be used in patients, the researchers say their approach could improve outcomes for people with arthritis, and for those with other conditions including cancer. Their results are reported in the Journal of the American Chemical Society.

The material developed by the Cambridge team uses specially engineered and reversible crosslinks within a polymer network. The sensitivity of these links to changes in acidity levels gives the material highly responsive mechanical properties.




The material was developed in Professor Oren Scherman's research group in Cambridge's Yusuf Hamied Department of Chemistry. The group specializes in designing and building these unique materials for a range of potential applications.

"For a while now, we've been interested in using these materials in joints, since their properties can mimic those of cartilage," said Scherman, who is Professor of Supramolecular and Polymer Chemistry and Director of the Melville Laboratory for Polymer Synthesis. "But to combine that with highly targeted drug delivery is a really exciting prospect."

"These materials can 'sense' when something is wrong in the body and respond by delivering treatment right where it's needed," said first author Dr Stephen O'Neill. "This could reduce the need for repeated doses of drugs, while improving patient quality of life."

Unlike many drug delivery systems that require external triggers such as heat or light, this one is powered by the body's own chemistry. The researchers say this could pave the way for longer-lasting, targeted arthritis treatments that automatically respond to flare-ups, boosting effectiveness while reducing harmful side effects.

In laboratory tests, researchers loaded the material with a fluorescent dye to mimic how a real drug might behave. They found that at acidity levels typical of an arthritic joint, the material released substantially more drug cargo compared with normal, healthy pH levels.

"By tuning the chemistry of these gels, we can make them highly sensitive to the subtle shifts in acidity that occur in inflamed tissue," said co-author Dr Jade McCune. "That means drugs are released when and where they are needed most."

The researchers say the approach could be tailored to a range of medical conditions, by fine-tuning the chemistry of the material. "It's a highly flexible approach, so we could in theory incorporate both fast-acting and slow-acting drugs, and have a single treatment that lasts for days, weeks or even months," said O'Neill.

The team's next steps will involve testing the materials in living systems to evaluate their performance and safety in a physiological environment. The team say that if successful, their approach could open the door to a new generation of responsive biomaterials capable of treating chronic diseases with greater precision.

The research was supported by the European Research Council and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Oren Scherman is a Fellow of Jesus College, Cambridge.
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        Poor sleep speeds brain aging and may raise dementia risk
        New research shows that poor sleep could make the brain appear years older than it really is. Using MRI scans and machine learning, scientists found a clear link between unhealthy sleep patterns and accelerated brain aging.

      

      
        A single dose of psilocybin may rewire the brain for lasting relief
        Penn researchers found that psilocybin can calm brain circuits tied to pain and mood, easing both physical suffering and emotional distress in animal studies. The compound works in the anterior cingulate cortex, bypassing injury sites and offering a dual benefit for pain and depression. Unlike opioids, psilocybin is non-addictive and may provide relief lasting weeks.

      

      
        A century-old piano mystery has just been solved
        Scientists confirmed that pianists can alter timbre through touch, using advanced sensors to capture micro-movements that shape sound perception. The discovery bridges art and science, promising applications in music education, neuroscience, and beyond.

      

      
        How gaslighting tricks the brain into questioning reality
        Gaslighting, often seen as a form of manipulation, has now been reframed by researchers at McGill University and the University of Toronto as a learning process rooted in how our brains handle prediction and surprise. Instead of merely being explained through outdated psychodynamic theories, this new model highlights how trust and close relationships can be exploited by manipulators who repeatedly undermine a person's confidence in their own reality.

      

      
        Viral apple cider vinegar weight loss study retracted for flawed science
        BMJ Group has pulled a widely reported apple cider vinegar weight-loss study after experts uncovered major flaws in its data and analysis. Attempts to replicate the results failed, and irregularities raised questions about the trial's reliability. The authors admitted mistakes and agreed to the retraction, while editors stressed the importance of transparency and warned against citing the discredited findings.

      

      
        A common supplement could supercharge cancer treatments
        Zeaxanthin, best known for eye health, has been found to boost the tumor-killing power of T cells. Researchers showed it strengthens T-cell receptors, enhances immune signaling, and improves the effects of immunotherapy. Found naturally in foods like spinach and peppers, it's safe, accessible, and now a promising candidate for cancer treatment trials.

      

      
        DOLPHIN AI uncovers hundreds of invisible cancer markers
        A new AI tool called DOLPHIN exposes hidden genetic markers inside single cells, enabling earlier detection and more precise treatment choices. It also sets the stage for building virtual models of cells to simulate disease and drug responses.

      

      
        Blocking one protein supercharges the immune system against cancer
        Scientists have found a way to supercharge the immune system's T cells by blocking a protein called Ant2, essentially rewiring how these cells generate energy. This metabolic reprogramming makes them more resilient, faster, and deadlier against tumors.

      

      
        Yoga isn't as heart-healthy as you think, new study reveals
        A comprehensive review shows that yoga doesn't match up to traditional exercise for improving vascular health. Activities like Pilates, Tai Chi, and interval training prove more effective in keeping arteries resilient, especially in sedentary adults. While yoga remains valuable for accessibility and cultural significance, experts say it should be supplemented with more vigorous activity to fully protect heart health.

      

      
        A plant compound might be the secret weapon against gum disease
        A team of researchers tested morin, a plant compound, against gum disease bacteria and found strong antimicrobial benefits. By encapsulating it in polymers, they created a powdered form for oral hygiene products. This could replace antibiotics, avoid side effects from existing treatments, and help vulnerable patients maintain oral health.

      

      
        Black mamba venom has a deadly hidden second strike
        Scientists have uncovered a dangerous hidden feature in Black Mamba venom that explains why antivenoms sometimes fail. The study revealed that several mamba species launch a dual neurological attack, first causing limp paralysis and then unleashing painful spasms once treatment begins.

      

      
        Long commutes and small homes are wrecking sleep
        Tokyo residents face a trade-off between home size and commute time when it comes to sleep health. A new study shows longer commutes increase both insomnia and daytime sleepiness, while smaller housing also raises insomnia risk. Even with average-sized homes, commuting more than 52 minutes pushed people into the insomnia range. Researchers say smarter housing planning could improve both sleep and quality of life.

      

      
        First living cochlea outside the body shows how hearing really works
        Scientists have kept a tiny slice of cochlea alive outside the body, directly witnessing how hair cells amplify sound. The finding confirms a universal principle of hearing and could pave the way for long-sought treatments for hearing loss.

      

      
        Scientists finally explain the real reason pregnant women get morning sickness
        Morning sickness isn't just random misery--it's a biological defense system shaped by evolution to protect the fetus. By linking immune responses to nausea and food aversions, UCLA researchers show these symptoms are signs of a healthy pregnancy.

      

      
        The hidden iron switch that makes cancer cells self-destruct
        Scientists discovered that inhibiting the enzyme STK17B forces multiple myeloma cells into iron-driven death and makes therapies more effective. Early mouse studies show strong potential for a new treatment approach.

      

      
        Why Gen X women can't stop eating ultra-processed foods
        Researchers found that middle-aged adults, especially women, are far more likely to be addicted to ultra-processed foods than older generations. Marketing of diet-focused processed foods in the 1980s may have played a major role. Food addiction was linked to poor health, weight issues, and social isolation, highlighting long-term risks. Experts warn that children today could face even higher addiction rates in the future.

      

      
        Simple blood test predicts liver disease years before symptoms
        Researchers in Sweden and Finland have created the CORE model, a simple blood test that predicts liver disease risk with striking accuracy. Unlike current methods, it works for the general population and can be used in everyday primary care settings. With validation across multiple countries and a web tool already available, the breakthrough could lead to much earlier detection of cirrhosis and liver cancer.

      

      
        Stunning images reveal how antibiotics shatter bacterial defenses
        Researchers have revealed how polymyxins, crucial last-resort antibiotics, break down bacterial armor by forcing cells to overproduce and shed it. Astonishingly, the drugs only kill bacteria when they're active, leaving dormant cells untouched. This discovery could explain recurring infections and inspire strategies to wake bacteria up before treatment.

      

      
        Miscarriages, down syndrome, and infertility all linked to this hidden DNA process
        Human fertility hinges on a delicate molecular ballet that begins even before birth. UC Davis researchers have uncovered how special protein networks safeguard chromosomes as eggs and sperm form, ensuring genetic stability across generations. Using yeast as a model, they revealed how crossovers between chromosomes are protected for decades in female eggs, preventing errors that could lead to infertility, miscarriage, or conditions like Down syndrome.

      

      
        Fruit might be the surprising key to healthier lungs
        Eating more fruit could help protect lungs from air pollution damage, particularly in women. Researchers point to antioxidants and anti-inflammatory compounds in fruit as possible defenses against harmful airborne particles.

      

      
        Doctors tested a common drug on COVID. The results are stunning
        Inhaled heparin significantly lowers the risk of death and ventilation in COVID-19 patients while also showing potential against other respiratory infections. With its unique triple-action benefits, it could serve as a powerful and accessible treatment worldwide.

      

      
        New inhaler halves childhood asthma attacks
        A groundbreaking international study has shown that a 2-in-1 budesonide-formoterol inhaler is far more effective than the standard salbutamol inhaler in children with mild asthma, cutting attacks by nearly half.

      

      
        Junk food can scramble memory in just 4 days
        Scientists discovered that high-fat junk food disrupts memory circuits in the brain almost immediately. Within just four days, neurons in the hippocampus became overactive, impairing memory. Restoring glucose calmed the neurons, showing that interventions like fasting or dietary shifts can restore brain health. This could help prevent obesity-related dementia and Alzheimer's.

      

      
        Living with purpose may protect your brain from dementia
        Living with a sense of purpose may not just enrich life, it could also guard against dementia. A UC Davis study tracking over 13,000 adults for up to 15 years found that people with higher purpose were about 28% less likely to develop cognitive impairment. Purpose was linked to resilience across ethnicities, even in those with genetic risks for Alzheimer's, and activities like relationships, volunteering, spirituality, and personal goals can help nurture it.

      

      
        Autism may be the price of human intelligence
        Researchers discovered that autism's prevalence may be linked to human brain evolution. Specific neurons in the outer brain evolved rapidly, and autism-linked genes changed under natural selection. These shifts may have slowed brain development in children while boosting language and cognition. The findings suggest autism is part of the trade-off that made humans so cognitively advanced.

      

      
        Cocoa supplements show surprising anti-aging potential
        Daily cocoa extract supplements reduced key inflammation markers in older adults, pointing to a role in protecting the heart. The findings reinforce the value of flavanol-rich, plant-based foods for healthier aging.

      

      
        Four strange secrets scientists just found in beer and wine
        Beer and wine, staples of human history for millennia, are still yielding new surprises. Recent research highlights how yeast extracts can cloud lagers, gluten can be quickly detected with a simple test strip, tannins give red wine its lip-puckering edge, and sulfites alter gut bacteria in unexpected ways. These discoveries not only deepen our understanding of these drinks' sensory qualities but also hint at implications for health and brewing innovation.

      

      
        Hidden Alzheimer's warning signs found in Parkinson's patients without dementia
        Researchers in Japan discovered that Parkinson's patients diagnosed in their 80s are far more likely to show signs of amyloid buildup, a hallmark of Alzheimer's, even without dementia symptoms. The study compared younger and older patients, finding that older individuals had three times the rate of amyloid positivity. Surprisingly, Parkinson's patients overall showed lower amyloid buildup than healthy people their age, suggesting that Parkinson's might change the way Alzheimer's-related processes...

      

      
        How the brain decides which moments you'll never forget
        Boston University researchers found that ordinary moments can gain staying power if they're connected to significant emotional events. Using studies with hundreds of participants, they showed that the brain prioritizes fragile memories when they overlap with meaningful experiences. This could help explain why we recall certain details surrounding big events and may lead to new ways of boosting learning and treating memory disorders.

      

      
        What happens to your body when you eat too many ultra-processed foods
        Ultra-processed foods make up the bulk of U.S. diets, and new research links high intake to inflammation, a predictor of heart disease. People consuming the most UPFs were far more likely to show elevated hs-CRP levels, especially older adults, smokers, and those with obesity. Scientists warn that UPFs may contribute to cancer and other chronic illnesses, urging stronger health policies despite pushback from powerful food companies.

      

      
        Could your smartphone detect mental health risks before you notice them?
        Researchers are showing how phone sensors can track patterns tied to a wide range of mental health symptoms. Instead of relying only on self-reports, clinicians may soon be able to gather continuous, real-world data about patients. The study also found correlations with the broad "p-factor," a shared dimension across mental health issues.

      

      
        Scientists uncover how to block pain without side effects
        Scientists have discovered a way to block pain while still allowing the body's natural healing to take place. Current painkillers like ibuprofen and aspirin often come with harmful side effects because they shut down both pain and inflammation. But this new research identified a single "pain switch" receptor that can be turned off without interfering with inflammation, which actually helps the body recover.

      

      
        Cambridge scientists created a gel that could end arthritis pain
        Cambridge scientists have created a breakthrough material that can sense tiny chemical changes in the body, such as the increased acidity during an arthritis flare-up, and release drugs exactly when and where they're needed. By mimicking cartilage while delivering medication, this smart gel could ease pain, reduce side effects, and provide continuous treatment for millions of arthritis sufferers.
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Poor sleep speeds brain aging and may raise dementia risk | ScienceDaily
People who sleep poorly are more likely than others to have brains that appear older than they actually are. This is according to a comprehensive brain imaging study from Karolinska Institutet, published in the journal eBioMedicine. Increased inflammation in the body may partly explain the association.


						
Poor sleep has been linked to dementia, but it is unclear whether unhealthy sleep habits contribute to the development of dementia or whether they are rather early symptoms of the disease. In a new study, researchers at Karolinska Institutet have investigated the link between sleep characteristics and how old the brain appears in relation to its chronological age.

The study includes 27,500 middle-aged and older people from the UK Biobank who underwent magnetic resonance imaging (MRI) of the brain. Using machine learning, the researchers estimated the biological age of the brain based on over a thousand brain MRI phenotypes.

Low-grade inflammation

The participants' sleep quality was scored based on five self-reported factors: chronotype (being a morning/evening person), sleep duration, insomnia, snoring, and daytime sleepiness. They were then divided into three groups: healthy ([?]4 points), intermediate (2-3 points), or poor ([?]1 point) sleep.

"The gap between brain age and chronological age widened by about six months for every 1-point decrease in healthy sleep score," explains Abigail Dove, researcher at the Department of Neurobiology, Care Sciences and Society, Karolinska Institutet, who led the study. "People with poor sleep had brains that appeared on average one year older than their actual age."

To understand how poor sleep can affect the brain, the researchers also examined levels of low-grade inflammation in the body. They found that inflammation could explain just over ten per cent of the link between poor sleep and older brain age.




"Our findings provide evidence that poor sleep may contribute to accelerated brain aging and point to inflammation as one of the underlying mechanisms," says Abigail Dove. "Since sleep is modifiable, it may be possible to prevent accelerated brain aging and perhaps even cognitive decline through healthier sleep."

Several possible explanations

Other possible mechanisms that could explain the association are negative effects on the brain's waste clearance system, which is active mainly during sleep, or that poor sleep affects cardiovascular health, which in turn can have a negative impact on the brain.

Participants in the UK Biobank are healthier than the general UK population, which could limit the generalisability of the findings. Another limitation of the study is that the results are based on self-reported sleep.

The study was conducted in collaboration with researchers from the Swedish School of Sport and Health Sciences, and Tianjin Medical University and Sichuan University in China, among others. It was funded by the Alzheimer's Foundation, the Dementia Foundation, the Swedish Research Council, the Loo and Hans Osterman Foundation for Medical Research, and the Knowledge Foundation. The researchers report no conflicts of interest.
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A single dose of psilocybin may rewire the brain for lasting relief | ScienceDaily
Researchers at Penn Medicine have identified specific brain circuits that are impacted by psilocybin -- the active compound found in some psychedelic mushrooms -- which could lead to new paths forward for pain and mental health management options. Chronic pain affects more than 1.5 billion people worldwide and is often deeply entangled with depression and anxiety, creating a vicious cycle that amplifies suffering and impairs quality of life. The study from the Perelman School of Medicine at the University of Pennsylvania- published today in Nature Neuroscience- offers new insight into ways to disrupt this cycle.


						
"As an anesthesiologist, I frequently care for people undergoing surgery who suffer from both chronic pain and depression. In many cases, they're not sure which condition came first, but often, one makes the other worse," said Joseph Cichon, MD, PhD, an assistant professor of Anesthesiology and Critical Care at Penn and senior author of the study. "This new study offers hope. These findings open the door to developing new, non-opioid, non-addictive therapies as psilocybin and related psychedelics are not considered addictive."

Targeting the Brain's Pain and Mood Hub

In studies using mice with chronic nerve injury and inflammatory pain, researchers found that a single dose of psilocybin reduced both pain and pain-induced anxiety and depression-like behaviors, with those benefits lasting almost two weeks. Psilocybin acts by gently activating specific brain signals, called serotonin receptors (5-HT2A and 5-HT1A). "Unlike other drugs that fully turn these signals on or off, psilocybin acts more like a dimmer switch, turning it to just the right level," said Cichon.

To pinpoint where the effects originated, researchers injected psilocin -- the active substance into which the body converts psilocybin -- into different regions of the central nervous system. The team used advanced fluorescent microscopy, a technique that uses glowing dyes to see and capture neuronal activity, to see chronic pain neurons spontaneously firing. When psilocin was injected directly into the prefrontal cortex of the brain, specifically the anterior cingulate cortex (ACC), a part of the brain that processes pain and emotions, it provided the same pain relief and mood improvements as when psilocybin was given to the whole body.

Researchers also injected psilocin into the spinal cord, but it didn't have the same calming effect. "Psilocybin may offer meaningful relief for patients by bypassing the site of injury altogether and instead modulating brain circuits that process pain, while lifting the ones that help you feel better, giving you relief from both pain and low mood at the same time," said Cichon.

Results Can Drive Future Psilocybin Research

Researchers believe the findings from this study could also inform therapies for other conditions involving dysregulated brain circuits, such as addiction or post-traumatic stress disorder. Cichon adds that more research is needed to determine the effectiveness of psilocybin. "In my anesthesiology practice, I often see that both pain and mood symptoms can worsen following surgery due to the physiological and psychological stress imposed by the procedure. While psilocybin shows promise as a treatment for both pain and depression, it remains uncertain whether such therapies would be safe, effective, or feasible in the context of surgery and anesthesia," adds Cichon. The Penn team plans to investigate optimal dosing strategies, long-term effects, and the ability of the brain to re-wire itself in sustaining these benefits in rodent models. "While these findings are encouraging, we don't know how long-lived psilocybin's effects are or how multiple doses might be needed to adjust brain pathways involved in chronic pain for a longer lasting solution," adds Stephen Wisser, co-author and a Penn Neuroscience PhD student in Cichon's lab.

The study was funded by the National Institutes of Health (R35GM151160-01) and the American Society of Regional Anesthesia and Pain Medicine (ASRA) Chronic Pain Medicine Research Award.
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A century-old piano mystery has just been solved | ScienceDaily
A research group led by Dr. Shinichi Furuya of the NeuroPiano Institute and Sony Computer Science Laboratories, Inc. announced research findings that for the first time scientifically clarified how pianists' manipulations of keys alters piano timbre.


						
Creativity in painting, music, and other arts is underpinned by the ability to create diverse perceptual experiences for audiences. However, whether timbre could actually be changed mid-instrumental performance, and what physical motor skills would be required to do so, remained unclear.

The research group developed a unique sensor system that can measure piano key movements at a temporal resolution of 1,000 fps, and measured key movements when professional pianists expressed various timbres on the piano. The results revealed that listeners could distinguish the pianists' intended timbres, regardless of whether or not they had any piano performance training experience. The group further successfully identified the key movement features that produce these timbre differences.

This discovery addresses the over century-old question, "Can pianists alter timbre through touch?" by demonstrating that timbre manipulation through touch cultivated by pianists is not a mere sensory metaphor but a scientifically backed skill. These findings open the possibility of visualizing and teaching specific movement features that produce timbre, which would lead to more efficient practice and prevention of mislearning. They also reveal that high-level body motor control shapes artistic perception, suggesting potential applications across various disciplines, including rehabilitation, skill transfer, and human interface design.

These research findings were published in the international scientific journal Proceedings of the National Academy of Sciences (PNAS) on September 22, 2025.

These results were obtained through the following program, research area, and research theme:

JST Strategic Basic Research Program (CREST) Research Area: Core Technologies for Trusted Quality AI Systems (Research Supervisor: Akiko Aizawa, Professor, Digital Content and Media Sciences Research Division, National Institute of Informatic, Research Organization of Information and Systems) Research Theme: Building a Trusted Explorable Recommendation Foundation Technology Research Director: Masataka Goto (Prime Senior Researcher, AIST) Research Period: October 2020 -- March 2026

Moonshot Research & Development Program (MOONSHOT) Research Area: Realization of a society in which human beings can be free from limitations of body, brain, space, and time by 2050 (Research Supervisor: Norihiro Hagita, Chair and Professor, Art Science Department, Osaka University of Arts) Research Theme: Liberation from Biological Limitations via Physical, Cognitive and Perceptual Augmentation Research Director: Ryota Kanai (Director, Corporate Planning & Innovation Co-Creation Unit, Advanced Telecommunications Research Institute International (ATR)) Research Period: October 2020 -- March 2026




Background and History of the Research

Musicians and other performing artists, surgeons, traditional craftsmen and others considered experts in various fields acquire their skills through years of extensive training. In particular, in the performing arts, it has long been thought that the mastering of physical motor skills that produce diverse perceptions is essential for embodying creativity. For instance, while pitch and volume in instrumental performance clearly depend on manipulation of the instrument, there had been no scientific evidence for cases where "an instrument that should produce a certain sound produces a different timbre" -- a phenomenon that was widely believed possible among performers and educators. This question was discussed regarding the piano in Nature magazine in the early 20th century, but systematic perceptual experiments and data analysis had not been carried out to date, leaving the question unanswered. Thus, the means for acquiring skills that produce diverse expressions remained unknown, and problems during this process -- such as misrecognition of personal limitations and risk of injury or disability arising during skill-acquisition training -- persisted. An evidence-based understanding of the mechanisms of technical skill is essential for humans and systems to be able to recommend appropriate training methods, and for the resulting recommendations to be trusted by learners and teachers.

Background and History of the Research

A research team from the NeuroPiano Institute and Sony Computer Science Laboratories (Sony CSL) revealed that the timbral qualities pianists intended to express were conveyed to listeners, and that the high-precision control of fingertip movement was involved.

The research group used Hackkey, their proprietary high-precision non-contact sensor system, to measure the movements of all 88 keys at 1,000 fps (1 ms temporal precision) and 0.01 mm spatial resolution. This apparatus analyzed keyboard movements when 20 internationally renowned pianists performed with the intent to produce diverse timbral qualities, including bright/dark and light/heavy.

Additionally, the team carried out a psychophysical experiment, with 40 participants -- including pianists and individuals with no musical experience -- who listened to the recorded performances. The results revealed that the pianists' intended timbres were consistently perceived by the listeners, regardless of their musical experience. The listeners who were pianists, in particular, were able to distinguish timbral differences with greater sensitivity. This timbral discernment was found to be possible even when controlling for volume and tempo, factors previously thought to influence timbral perception.




Data analysis using a linear mixed-effects (LME) model revealed that contributions to timbral differences are concentrated in a limited set of movement features (e.g., acceleration during escapement, deviation in hand synchronization). It was further experimentally confirmed that notes played by varying only one of these features were perceived by listeners as having a different timbre, providing the first empirical evidence of a causal relationship between key movement and timbre.

These findings have the following significance for musicians and educators:
    	    Building a technical foundation to support artistic creativity:This research quantifies the "tacit knowledge" of how pianists produce timbre, paving the way for understanding an artist's expressive intent and developing new educational methods and technologies that will maximize it. Furthermore, proving that the manipulation of timbre through touch cultivated by artists is a scientifically grounded skill rather than a mere sensory metaphor makes it possible to efficiently learn and acquire the skills to create timbral expressions -- which had been difficult to verbalize in instruction to date -- by applying it to recommendation systems that present the appropriate movement features to learners.
    
    	    Illuminating the biological mechanisms that produce higher-order perception: The phenomenon in which the same sound can be perceived differently indicates advanced integration of human sensory and motor systems. This research clarifies how dexterous motor control produces higher-order perception and aesthetic experiences, opening new avenues for interdisciplinary research in neuroscience, psychology, and arts studies, and holds additional promise for applications across multiple fields, including skill transfer, rehabilitation, and human interface design.
    

Future Developments

This research has clarified the relationship between key movement features and piano timbre, suggesting the possibility for explicitly acquiring a repertoire of movements that can produce a diverse palette of perceptions. This is essential for recommending evidence-based body use and practice methods in physical education for the performing arts, and for empowering both teachers and learners to pursue learning with confidence. While perception research has until now focused mainly on lower-level perceptual information such as pitch, loudness, and rhythm, the advance of future research into timbre and other higher-level perceptual information is expected to lead to clarification of the underlying brain information processing mechanisms, as well as the development of training methods that skillfully utilize advanced technologies. Moreover, the thrill of using one's body to improve and achieve something that was once impossible is something that is shared across disciplines beyond music performance, including sports, cooking, painting, and even surgery. This research holds promise for generating ripple effects across multiple disciplines.

The involvement of science and technology in music learning has lagged behind significantly, compared to that in fields such as sports and medicine. As a result, many artists all over the world have long been beset with the problem of embodying artistic expression and creativity while being constrained by physical and mental limitations. The knowledge regarding the foundational skills for producing diverse expressions provided by this research will contribute to the creation of a future society where artists are liberated from physical and mental constraints and can fully embody their creativity. This will be achieved through the establishment of a new evidence-based form of music education grounded in dynaformics, the science of music performance.
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How gaslighting tricks the brain into questioning reality | ScienceDaily
Gaslighting could happen to anyone who trusts the wrong person, a McGill University researcher says.


						
Willis Klein, a PhD candidate in the Department of Psychology, was part of a team from McGill and the University of Toronto that developed a new theoretical model with which to understand how manipulators are able to make their targets question their sense of reality over a period of time.

Though gaslighting has been a popular topic of discussion in the public sphere for the last few years, it has not been thoroughly investigated from a scientific point of view, according to the researcher.

Klein is lead author of a paper that suggests gaslighting can be viewed as a learning process, using the concept of prediction error minimization (PEM). PEM describes how the mind maps out the input it receives from the world, and strives, based on this information, to predict the future, adjust its expectations and respond to the environment. Up to now, gaslighting has mostly been examined through a psychodynamic lens, but that analytical framework is no longer widely used in North American scientific psychology, he said.

Klein conducted this work as a member of the McGill Laboratory of Affiliation and Prosociality led by Professor Jennifer Bartz. Suzanne Wood of the University of Toronto also was part of the research team. The three are co-authors of the paper.

Gaslighting as a learning process

"When you trust or you love somebody, you expect them to behave in a particular way. Gaslighters, in our view, are behaving in an atypical way, one that is somewhat surprising, and they're making use of that surprise to direct the learning of the people they target," explained Klein.




In addition to behaving in a way that violates your expectations, a gaslighter will, according to the researcher, suggest that the cause of your surprise has something to do with your general grip of reality, making you feel what he calls "epistemically incompetent."

"This is repeated over and over, until the target has really integrated the idea that they don't actually have a good grasp on reality," said Klein.

The role of trust and close others

The model also relies on the idea that we depend on others -- especially close others -- to form our sense of self and reality. This, combined with the view of gaslighting as a learning process, means that anyone could fall victim to gaslighting, according to Klein.

"In our model there's not necessarily anything specific about the target of gaslighting that makes them particularly vulnerable to it. In essence, it could happen to anyone, so long as they're trusting the wrong person," he explained.

Klein said he thinks future inquiries into this subject could, however, reveal that some personal characteristics can affect a person's susceptibility to being gaslit, like certain attachment styles or a history of trauma. He said he hopes future research can also validate various components of the model and lead to better support for people who have been victims of gaslighting.

About the study

"A Theoretical Framework for Studying the Phenomenon of Gaslighting," by Willis Klein, Suzanne Wood and Jennifer A. Bartz was published in Personality and Social Psychology Review.

The research was supported by the Fonds de Recherche du Quebec -- Societe et Culture (FRQSC), the Natural Sciences and Engineering Council of Canada (CRSNG) and the Social Science and Humanities Research Council of Canada (SSHRC).
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Viral apple cider vinegar weight loss study retracted for flawed science | ScienceDaily
BMJ Group has retracted research suggesting that small daily quantities of apple cider vinegar might help people who are overweight or obese to lose weight.


						
The small clinical trial was published in the open access journal BMJ Nutrition, Prevention & Health in March 2024 and its findings press released. The study findings generated widespread international attention at the time, and continue to be frequently referred to in media coverage.

The retraction was prompted by concerns raised about the quality of the work, including the approach to statistical analysis of the data; implausible statistical values; the reliability of the raw data; inadequate reporting of methods; and lack of prospective trial registration, which breaches BMJ Group's editorial policy.

Initially, concerns were raised in critiques of the study, some of which were published as letters in the journal. But after review by BMJ Group's content integrity team, the study was referred to statistical experts to evaluate its reliability. This included attempts to replicate the results and examine the authenticity of the underlying data supplied by the authors.

It wasn't possible for the statisticians to replicate the results and multiple analytical errors were identified. There were also irregularities in the data set, and their report, which is appended to the retraction notice, concluded that the data collected from each participant would require further independent scrutiny.

The authors said that the identified errors were honest mistakes, but they agree with the decision to retract the study.

Dr Helen Macdonald, Publication Ethics and Content Integrity Editor at BMJ Group, said: "Tempting though it is to alert readers to an ostensibly simple and apparently helpful weight loss aid, at present the results of the study are unreliable, and journalists and others should no longer reference or use the results of this study in any future reporting."

She added: "This retraction reflects our strategic and proactive approach to investigating concerns raised about the content we publish. We act where necessary in the interests of openness and the importance of correcting the scientific record.




"While we deal with allegations as swiftly as possible, it's very important that due process is followed. Investigations are often complex. This one involved detailed scrutiny of data and correspondence with researchers, institutions, and other experts, for example. Reaching a sound and fair and final decision can therefore take several months."

Commenting on the decision to publish the study despite the lack of trial registration, Professor Martin Kohlmeier, editor in chief of BMJ Nutrition Prevention & Health, explained: "In hindsight, this was the wrong decision to make. But the authors come from a scientific environment that is underrepresented in nutritional research and the journal aims to prioritise high quality evidence, which usually comes from clinical trials.

"These are relatively unusual in nutritional research as they can be challenging to undertake because of the numbers of participants and time needed to obtain meaningful results."
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A common supplement could supercharge cancer treatments | ScienceDaily
In a new study, researchers from the University of Chicago discovered that zeaxanthin, a plant-derived carotenoid best known for protecting vision, may also act as an immune-boosting compound by strengthening the cancer-fighting activity of immune cells. The findings, which were published in Cell Reports Medicine, highlight the potential of zeaxanthin as a widely available supplement to improve the effectiveness of cancer immunotherapies.


						
"We were surprised to find that zeaxanthin, already known for its role in eye health, has a completely new function in boosting anti-tumor immunity," said Jing Chen, PhD, Janet Davison Rowley Distinguished Service Professor of Medicine and senior author of the study. "Our study show that a simple dietary nutrient could complement and strengthen advanced cancer treatments like immunotherapy."

How does this nutrient work?

The study builds on years of work by Chen's lab to better understand how nutrients influence the immune system. By screening a large blood nutrient library, the team identified zeaxanthin as a compound that directly enhances the activity of CD8+ T cells, a crucial type of immune cell that kills tumor cells. These cells rely on a molecular structure called the T-cell receptor (TCR) to recognize and destroy abnormal cells.

The researchers found that zeaxanthin stabilizes and strengthens the formation of TCR complex on CD8+ T cells upon interacting with the cancer cells. This, in turn, triggers more robust intracellular signaling that boosts T-cell activation, cytokine production, and tumor-killing capacity.

Zeaxanthin improves immunotherapy effects

In mouse models, dietary supplementation with zeaxanthin slowed tumor growth. Importantly, when combined with immune checkpoint inhibitors - a type of immunotherapy that has transformed cancer treatment in recent years - zeaxanthin significantly enhanced anti-tumor effects compared to immunotherapy alone.




To extend the findings, the researchers tested human T cells engineered to recognize specific tumor antigens and found that zeaxanthin treatment improved these cells' ability to kill melanoma, multiple myeloma, and glioblastoma cells in laboratory experiments.

"Our data show that zeaxanthin improves both natural and engineered T-cell responses, which suggests high translational potential for patients undergoing immunotherapies," Chen said.

A safe and accessible candidate

Zeaxanthin is sold as an over-the-counter supplement for eye health, and is naturally found in vegetables like orange peppers, spinach, and kale. It's inexpensive, widely available, well-tolerated and, most importantly, its safety profile is known - which means it can be safely tested as an adjunct to cancer therapies.

The study also reinforces the importance of a balanced diet. In their previous research, Chen's group discovered that trans-vaccenic acid (TVA), a fatty acid derived from dairy and meat, also boosts T-cell activity - but through a different mechanism. Together, the findings suggest that nutrients from both plant and animal sources may provide complementary benefits to immune health.

Clinical applications of zeaxanthin

Although the results are promising, the researchers emphasize that the work is still at an early stage. Most of the findings come from laboratory experiments and animal studies. Thus, clinical trials will be needed to determine whether zeaxanthin supplements can improve outcomes for cancer patients.




"Our findings open a new field of nutritional immunology that looks at how specific dietary components interact with the immune system at the molecular level," Chen said. "With more research, we may discover natural compounds that make today's cancer therapies more effective and accessible."

The study, "Zeaxanthin augments CD8+ effector T cell function and immunotherapy efficacy," was supported by grants from the National Institutes of Health, the Ludwig Center at the University of Chicago, and the Harborview Foundation Gift Fund.

Additional authors include Freya Zhang, Jiacheng Li, Rukang Zhang, Jiayi Tu, Zhicheng Xie, Takemasa Tsuji, Hardik Shah, Matthew Ross, Ruitu Lyu, Junko Matsuzaki, Anna Tabor, Kelly Xue, Chunzhao Yin, Hamed R. Youshanlouei, Syed Shah, Michael W. Drazer, Yu-Ying He, Marc Bissonnette, Jun Huang, Chuan He, Kunle Odunsi, and Hao Fan from the University of Chicago; Fatima Choudhry from DePaul University, Chicago; Yuancheng Li and Hui Mao from Emory University School of Medicine, Atlanta; Lei Dong from University of Texas Southwestern Medical Center, Dallas; and Rui Su from Beckman Research Institute, City of Hope, Duarte, CA.
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DOLPHIN AI uncovers hundreds of invisible cancer markers | ScienceDaily
McGill University researchers have developed an artificial intelligence tool that can detect previously invisible disease markers inside single cells.


						
In a study published in Nature Communications, the researchers demonstrate how the tool, called DOLPHIN, could one day be used by doctors to catch diseases earlier and guide treatment options.

"This tool has the potential to help doctors match patients with the therapies most likely to work for them, reducing trial-and-error in treatment," said senior author Jun Ding, assistant professor in McGill's Department of Medicine and a junior scientist at the Research Institute of the McGill University Health Centre.

Zooming in on genetic building blocks

Disease markers are often subtle changes in RNA expression that can indicate when a disease is present, how severe it may become or how it might respond to treatment.

Conventional gene-level methods of analysis collapse these markers into a single count per gene, masking critical variation and capturing only the tip of the iceberg, said the researchers.

Now, advances in artificial intelligence have made it possible to capture the fine-grained complexity of single-cell data. DOLPHIN moves beyond gene-level, zooming in to see how genes are spliced together from smaller pieces called exons to provide a clearer view of cell states.




"Genes are not just one block, they're like Lego sets made of many smaller pieces," said first author Kailu Song, a PhD student in McGill's Quantitative Life Sciences program. "By looking at how those pieces are connected, our tool reveals important disease markers that have long been overlooked."

In one test case, DOLPHIN analyzed single-cell data from pancreatic cancer patients and found more than 800 disease markers missed by conventional tools. It was able to distinguish patients with high-risk, aggressive cancers from those with less severe cases, information that would help doctors choose the right treatment path.

A step toward 'virtual cells'

More broadly, the breakthrough lays the foundation for achieving the long-term goal of building digital models of human cells. DOLPHIN generates richer single-cell profiles than conventional methods, enabling virtual simulations of how cells behave and respond to drugs before moving to lab or clinical trials, saving time and money.

The researchers' next step will be to expand the tool's reach from a few datasets to millions of cells, paving the way for more accurate virtual cell models in the future.

About the study

"DOLPHIN advances single-cell transcriptomics beyond gene level by leveraging exon and junction reads" by Kailu Song and Jun Ding et al., was published inNature Communications.

This research was supported the Meakins-Christie Chair in Respiratory Research, the Canadian Institutes of Health Research, the Natural Sciences and Engineering Research Council of Canada and the Fonds de recherche du Quebec.
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Blocking one protein supercharges the immune system against cancer | ScienceDaily
Researchers have discovered a way to make the immune system's T cells significantly more effective at fighting cancer. By blocking a protein called Ant2, they were able to reprogram how these cells consume and generate energy -- essentially rewiring their internal power supply. This shift makes T cells more active, resilient, and better at attacking tumors. The findings open the door to new treatments that could strengthen the body's own immune response, offering a smarter, more targeted approach to cancer therapy.


						
A new study may pave the way for a new generation of cancer therapies -- by training the body's own immune system to work smarter and hit harder. Led by PhD student Omri Yosef and Prof. Michael Berger from the Faculty of Medicine at Hebrew University, in collaboration with Prof. Magdalena Huber of Philipps University of Marburg and Prof. Eyal Gottlieb of the University of Texas MD Anderson Cancer Center, the international team discovered that fine-tuning immune cells metabolism dramatically improves their ability to destroy cancer.

At the heart of the research is a powerful insight: when T cells -- key players in the immune system -- are forced to rewire how they convert energy, they become significantly more effective at identifying and attacking tumors.

"By disabling Ant2, we triggered a complete shift in how T cells produce and use energy," explains Prof. Berger. "This reprogramming made them significantly better at recognizing and killing cancer cells." In simpler terms, blocking this protein forces the immune cells to adapt their metabolism, turning them into stronger, faster, and more aggressive cancer fighters.

Published in Nature Communications, the study focuses on the mitochondria -- the "metabolic hub" of cells. By deliberately disrupting a specific energy pathway inside T cells, the team essentially rewired the cells' engines, creating a state of heightened readiness and potency. The altered T cells exhibited greater stamina, faster replication, and sharper targeting of cancerous threats.

Perhaps most importantly, the researchers showed that this metabolic rewiring can be triggered not only through genetic modifications but also with drugs -- opening the door for potential clinical applications.

This discovery is part of a growing movement in cancer immunotherapy that focuses not only on guiding the immune system but upgrading its inner machinery. While more studies and clinical trials are needed, the implications of this breakthrough are promising: new treatments that harness the body's own defenses, fine-tuned for peak performance.

"This work highlights how deeply interconnected metabolism and immunity truly are," says Prof. Berger. "By learning how to control the power source of our immune cells, we may be able to unlock therapies that are both more natural and more effective."
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Yoga isn't as heart-healthy as you think, new study reveals | ScienceDaily
Contrary to widespread belief, yoga may be less effective than conventional forms of exercise in enhancing vascular health, according to a new study published in Advances in Integrative Medicine.


						
The study systematically reviews existing literature, including randomized controlled trials, crossover trials, and non-randomized studies, comparing yoga and other exercise interventions in sedentary adults.

The researchers point out that their aim has been to assess the impact of these interventions on vascular function, as measured by ultrasound.

Vascular function refers to the ability of blood vessels to efficiently transport blood to tissues. The elasticity and responsiveness of these vessels are critical indicators of cardiovascular health.

Sedentary behavior and prolonged sitting are known to impair vascular function, increasing the risk of hypertension, cholesterol buildup, and thrombosis.

Co-author Dr. Leena David, a specialist in medical diagnostic imaging and lecturer at the University of Sharjah, says:

"Think of blood vessels like flexible garden hoses. If they stiffen, the risk of heart attacks and strokes increases. Our study shows that structured exercise keeps those hoses flexible, while yoga provides some benefits but not as reliably. Middle-aged and older adults often notice improvements from yoga, but younger adults might not."

The findings are particularly relevant for the estimated 300 million people worldwide who practice yoga and the more than 620 million individuals affected by cardiovascular disease as of 2023.




The researchers conclude that traditional exercise modalities, such as Tai Chi, Pilates, and high-intensity interval training, consistently outperform yoga in improving vascular function among sedentary individuals.

Dr. David emphasizes that while movement is essential, the type, intensity, and consistency of physical activity are key determinants of vascular health.

"Even simple routines can make arteries more resilient. Blood vessels have a memory -- and every workout helps them forget the damage of sitting all day," she adds.

She also describes prolonged sitting as "the new smoking -- silent, sneaky, and stealing years from your arteries," adding that "movement is the perfect antidote."

While yoga remains accessible and culturally significant, the study suggests that individuals seeking consistent cardiovascular benefits may need to supplement yoga with more vigorous forms of exercise.

The authors advocate for a nuanced approach to physical activity, especially in public health messaging.




"Yoga has deep cultural roots and shows promise as an inclusive, accessible health intervention," Dr. David notes.

"At the same time, the fitness and digital health industries can leverage these insights to develop structured exercise programs and technology-driven solutions for sedentary populations."

The researchers hope their findings will encourage healthcare providers to recommend exercise not only for weight management but also as a proven strategy for improving vascular health.

Although yoga may not consistently enhance vascular function, it remains a valuable option, particularly for older adults and those unable or unwilling to engage in high-intensity workouts.

"On a larger scale, public health campaigns could emphasize that movement is medicine," Dr. David explains. "This may encourage a mix of exercise and yoga to make heart health more accessible and culturally appropriate.

Forget the fitness goals -- this is about protecting your body's internal GPS system that keeps you alive."
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A plant compound might be the secret weapon against gum disease | ScienceDaily
A powder based on morin, a natural compound extracted from plants such as guava leaves, apple and fig peels, certain teas, and almonds, has shown antimicrobial, anti-inflammatory, and antioxidant effects against bacteria that cause periodontal disease. It is expected that the substance, released in a controlled manner through polymers, will help with nonsurgical treatments as an alternative to antibiotics for controlling microorganisms.


						
In in vitro laboratory studies, researchers at the Araraquara School of Dentistry at Sao Paulo State University (FOAr-UNESP) in Brazil tested morin on a multispecies biofilm formed by various species of bacteria that simulated the effects of the disease on patients' gums.

The results were published in the Archives of Oral Biology. The study was conducted by Luciana Solera Sales during her doctoral studies at FOAr-UNESP, under the supervision of Fernanda Lourencao Brighenti. FAPESP supported the study through a doctorate and a research internship abroad.

Other researchers involved in the study included Andreia Bagliotti Meneguin from the Faculty of Pharmaceutical Sciences of Araraquara (FCFAr) at UNESP; Hernane da Silva Barud from the University of Araraquara (UNIARA); and Michael Robert Milward from the Faculty of Dentistry at the University of Birmingham in England.

"At the moment, we have a fine powder obtained through spray drying - which is the same equipment used to make powdered milk - that can be used to make various types of oral hygiene products. The idea is to provide a platform that acts as an adjunct and can be useful, for example, for people with reduced motor skills who are unable to brush their teeth properly, such as older adults and patients with special needs," says Brighenti.

Morin was chosen because it is a natural, inexpensive, and easily accessible compound.

"Morin is a flavonoid that can be obtained from various fruits. But simply eating it isn't enough; the substance needs to be processed. The idea is to take advantage of this natural compound, its benefits, and its advantages, and transform it all so that it can be used to prevent and treat tooth decay and periodontal disease," Sales points out.




Within the research group, Brighenti has been working with other researchers to develop what she calls platforms that allow different types of substances to act on the diseases currently being studied. According to Brighenti, this is necessary because natural products generally do not dissolve well in water.

"We have a constant flow of saliva. We produce, on average, 1 milliliter of saliva per minute. Anything we put in our mouths is quickly removed by saliva, especially because it has a smell and taste, which stimulates salivary flow. When we have something that sticks to the mucous membrane of the mouth, the inside of our cheeks, and our teeth, it gives us an additional advantage. This controlled release also helps us control the toxicity and stability of the substance," the professor explains.

In the case of morin, the challenge was to optimize what the group had developed thus far, making it more appealing to potential patients while developing something scalable for the industry.

"We also aim to provide an alternative to products currently available on the market that don't meet the demand because they have some side effects reported by patients, such as taste changes and increased tartar buildup, as well as stains on the teeth with prolonged use," Brighenti adds.

"We started developing these systems in the form of tablets, films, and microparticles. But until then, they were too large and unfeasible for oral use. In my PhD, we tried to improve these products by making them smaller. That's why I developed this format, which looks like powdered milk. I prepared a solution containing sodium alginate and gellan gum to encapsulate morin in a controlled-release system, which is already widely used for drugs but isn't yet widely used in dentistry," Sales explains.

Periodontal disease occurs when there is an accumulation of biofilm or bacterial plaque, a sticky film formed by bacteria and food debris that builds up on the teeth.




Periodontitis, a severe form of periodontal disease, is considered the sixth most common chronic condition worldwide. In mild cases, bleeding may occur. As the disease progresses, it can lead to tooth loss.

Proper oral hygiene, including brushing, flossing, and using fluoride toothpaste, can considerably decrease this risk.

According to data from the World Health Organization (WHO) in 2022, nearly half of the world's population (45%) suffers from oral diseases, amounting to approximately 3.5 billion people.

The researchers plan to continue testing morin first in animal models and then in clinical studies to investigate its other properties.

"We observed with the naked eye that the in vitro biofilm treated with morin in the laboratory is less stained than when treated in its free form. So, it's possible that there's an advantage, that this system helps prevent tooth discoloration. We also need to test, for example, whether morin maintains the balance of the oral cavity, because we don't want to eliminate all bacteria from patients' mouths," says Brighenti.
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Black mamba venom has a deadly hidden second strike | ScienceDaily
A breakthrough study at The University of Queensland has discovered a hidden dangerous feature in the Black Mamba one of the most venomous snakes in the world.


						
Professor Bryan Fry from UQ's School of the Environment said the study revealed the venoms of three species of mamba were far more neurologically complex than previously thought, explaining why antivenoms were sometimes ineffective.

"The Black Mamba, Western Green Mamba and Jamesons Mamba snakes aren't just using one form of chemical weapon, they're launching a coordinated attack at 2 different points in the nervous system," Professor Fry said.

"If you're bitten by 3 out of 4 mamba species, you will experience flaccid or limp paralysis caused by postsynaptic neurotoxicity.

"Current antivenoms can treat the flaccid paralysis but this study found the venoms of these three species are then able to attack another part of the nervous system causing spastic paralysis by presynaptic toxicity,

"We previously thought the fourth species of mamba, the Eastern Green Mamba, was the only one capable of causing spastic paralysis.

"This finding resolves a long-standing clinical mystery of why some patients bitten by mambas seem to initially improve with antivenom and regain muscle tone and movement only to start having painful, uncontrolled spasms.




"The venom first blocks nerve signals from reaching the muscles but after the antivenom is administered, it then overstimulates the muscles.

"It's like treating one disease and suddenly revealing another."

Mamba (Dendroaspis species) snake bites are a significant threat in sub-Saharan Africa accounting for 30,000 deaths annually.

PhD candidate Lee Jones who conducted the experimental work on the mamba venoms said the research proved new antivenoms were critical to saving lives.

"We set out to understand different venom potencies between mamba species," Mr Jones said.

"We expected to see clear flaccid paralysis inducing post synaptic effects, and effective neutralisation by antivenom.




"What we were not expecting to find was the antivenom unmasking the other half of the venom effects on presynaptic receptors.

"We also found the venom function of the mambas was different depending on their geographic location, particularly within populations of the Black Mamba from Kenya and South Africa.

"This further complicates treatment strategies across regions because the antivenoms are not developed to counteract the intricacies of the different venoms."

Professor Fry said specialised antivenoms could be developed following this study to increase efficacy rates.

"This isn't just an academic curiosity, it's a direct call to clinicians and antivenom manufacturers," Professor Fry said.

"By identifying the limitations of current antivenoms and understanding the full range of venom activity, we can directly inform evidence-based snakebite care.

"This kind of translational venom research can help doctors make better decisions in real time and ultimately saves lives."

The lab work was completed in collaboration with Monash Venom Group.

This research was published in Toxins.
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Long commutes and small homes are wrecking sleep | ScienceDaily
One-third of our lives is spent sleeping, yet 30 to 40 percent of adults are reported to experience some form of insomnia. Japan in particular has the lowest sleep duration among the Organization for Economic Co-operation and Development (OECD) countries, falling at one hour below average.


						
Public health research has identified long commutes, noise, and light pollution from densely populated living environments as factors that impair sleep. While such metropolitan housing offers advantages in commuting time, its livability is far less than the suburbs. To find a balance between convenience and sleep, urban architecture research, which examines the relationship between housing location, size, and sleep health, could help answer the question of "Where and what size home should one have for better sleep?"

Seeking this answer, a research group led by Professor Daisuke Matsushita at Osaka Metropolitan University's Graduate School of Human Life and Ecology investigated whether commuting time and residence predict insomnia and daytime sleepiness among residents of the Tokyo metropolitan area.

Based on an online survey using stratified random sampling, commute time was calculated using a route search system derived from the mode of transportation and postal codes of participants' homes and workplaces. Insomnia and daytime sleepiness were assessed using the Athens Insomnia Scale and the Epworth Sleepiness Scale. The team also examined whether these relationships persist after adjusting for demographic and socioeconomic factors.

Data analysis revealed that even after adjusting for covariates, longer commutes predicted insomnia and daytime sleepiness, while smaller housing size predicted insomnia. Further, a trade-off was observed between commuting time and floor area in cases of insomnia. For housing units meeting the urban-oriented residential area standard of 95 m2 for a four-person household, commuting times exceeding 52 minutes reached the insomnia cutoff value.

"Housing choices and supply that consider the trade-off between location and size may help improve the sleep health of commuters and reduce sleep-related economic losses in metropolitan areas," said Professor Matsushita.

The findings were published in the Journal of Transport and Health.
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First living cochlea outside the body shows how hearing really works | ScienceDaily
Shortly before his death in August 2025, A. James Hudspeth and his team in the Laboratory of Sensory Neuroscience at The Rockefeller University achieved a groundbreaking technological advancement: the ability to keep a tiny sliver of the cochlea alive and functional outside of the body for the first time. Their new device allowed them to capture the live biomechanics of the cochlea's remarkable auditory powers, including exceptional sensitivity, sharp frequency tuning, and the ability to encode a broad range of sound intensities.


						
"We can now observe the first steps of the hearing process in a controlled way that was previously impossible," says co-first author Francesco Gianoli, a postdoctoral fellow in the Hudspeth lab.

Described in two recent papers (in PNAS and Hearing Research, respectively), the innovation is a product of Hudspeth's five decades of work illuminating the molecular and neural mechanisms of hearing -- insights that have illuminated new paths to preventing or reversing hearing loss.

With this advance, the researchers have also provided direct evidence of a unifying biophysical principle that governs hearing across the animal kingdom, a subject Hudspeth investigated for more than a quarter-century.

"This study is a masterpiece," says biophysicist Marcelo Magnasco, head of the Laboratory of Integrative Neuroscience at Rockefeller, who collaborated with Hudspeth on some of his seminal findings. "In the field of biophysics, it's one of the most impressive experiments of the last five years."

The mechanics of hearing

Though the cochlea is a marvel of evolutionary engineering, some of its fundamental mechanisms have long remained hidden. The organ's fragility and inaccessibility -- embedded as it is in the densest bone in the body -- have made it difficult to study in action.




These challenges have long frustrated hearing researchers, because most hearing loss results from damage to sensory receptors called hair cells that line the cochlea. The organ has some 16,000 of these hair cells, so-called because each one is topped by a few hundred fine "feelers," or stereocilia, that early microscopists likened to hair. Each bundle is a tuned machine that amplifies and converts sound vibrations into electrical responses that the brain can then interpret.

It's well documented that in insects and non-vertebrate animals -- such as the bullfrogs studied in Hudspeth's lab -- a biophysical phenomenon known as a Hopf bifurcation is key to the hearing process. The Hopf bifurcation describes a kind of mechanical instability, a tipping point between complete stillness and oscillations. At this knife-edge, even the faintest sound tips the system into movement, allowing it to amplify weak signals far beyond what would otherwise register.

In the case of bullfrog cochlea, the instability is in the bundles of the sensory hair cells, which are always primed to detect incoming sound waves. When those waves hit, the hair cells move, amplifying the sound in what's called the active process.

In collaboration with Magnasco, Hudspeth documented the existence of the Hopf bifurcation in the bullfrog cochlea in 1998. Whether it exists in the mammalian cochlea has been a subject of debate in the field ever since.

To answer that question, Hudspeth's team decided they needed to observe the active process in a mammalian cochlea in real time and at a greater level of detail than ever before.

A sliver of a spiral

To do so, the researchers turned to the cochlea of gerbils, whose hearing falls in a similar range as humans. They excised slivers no larger than .5 mm from the sensory organ, in the region of the cochlea that picks up the middle range of frequencies. They timed their excision to a developmental moment in which the gerbil's hearing is mature but the cochlea hasn't fully fused to the highly dense temporal bone.




They placed a sliver of tissue within a chamber designed to reproduce the living environment of the sensory tissue, including continuously bathing it in nutrient-rich liquids called endolymph and perilymph and maintaining its native temperature and voltage. Key to the development of this custom device were Brian Fabella, a research specialist in the Hudspeth lab, and instrumentation engineer Nicholas Belenko, from Rockefeller's Gruss Lipper Precision Instrumentation Technologies Resource Center.

They then began to play sounds via a tiny speaker and observed the response.

Discovering a biophysical principle

Among the processes they witnessed were how the opening and closing of ion channels in the hair bundles add energy to the sound-driven vibrations, amplifying them, and how outer hair cells elongate and contract in response to voltage changes through a process called electromotility.

"We could see in fine detail what every piece of the tissue is doing at the subcellular level," Gianoli says.

"This experiment required an extraordinarily high level of precision and delicacy," notes Magnasco. "There's both mechanical fragility and electrochemical vulnerability at stake."

Importantly, they observed that key to the active process was indeed a Hopf bifurcation -- the tipping point that turned mechanical instability into sound amplification. "This shows that the mechanics of hearing in mammals is remarkably similar to what has been seen across the biosphere," says co-first author Rodrigo Alonso, a research associate in the lab.

A device that could lead to future treatments

The scientists anticipate that experimentation using the ex vivo cochlea will improve their understanding of hearing and hopefully point to better therapies.

"For example, we will now be able to pharmacologically perturb the system in a very targeted way that has never been possible before, such as by focusing on specific cells or cell interactions," says Alonso.

There's a great need in the field for new potential therapies. "So far, no drug has been approved to restore hearing in sensorineural loss, and one reason for that is that we still have an incomplete mechanistic understanding of the active process of hearing," Gianoli says. "But now we have a tool that we can use to understand how the system works, and how and when it breaks -- and hopefully think of ways to intervene before it's too late."

Hudspeth found the results deeply gratifying, Magnasco adds. "Jim had been working on this for more than 20 years, and it's a crowning achievement for a remarkable career."
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Scientists finally explain the real reason pregnant women get morning sickness | ScienceDaily
    	A UCLA study has found that "morning sickness" symptoms, including nausea, vomiting and aversions to certain foods and smells, are linked to the body's natural, but complex, immune response during pregnancy.
    	In the early stages of pregnancy, a unique mix of inflammatory responses alongside behavioral mechanisms that researchers believe are adaptive, like nausea, achieves a delicate balance, allowing the mother to tolerate and nourish the half-foreign fetus while also avoiding potentially harmful foods.
    	The study could have workplace implications for pregnant women, helping to widen recognition that these symptoms are healthy and normal, both reducing stigma and paving the way for common-sense workplace accommodations.

UCLA researchers have uncovered a link between "morning sickness" symptoms and the body's natural, but complex, inflammatory response to biological and bodily changes during pregnancy.

According to the National Institutes of Health, up to 80% of early-stage pregnant mothers experience some nausea, vomiting and aversions to certain foods and smells. While uncomfortable, these symptoms are not typically a sign that anything is wrong with the health of the mother or the developing fetus, but rather an indication of a delicate balance unique to pregnant women.

"During pregnancy, a mother's immune system faces a tricky challenge: it has to protect both her and the fetus from infection, but without accidentally attacking the fetus, whose genetic identity is half-foreign because it is half derived from the father. Normally, the immune system attacks anything that seems foreign, so in pregnancy, it has to carefully adjust to keep the fetus safe while still defending against infection," said UCLA anthropology professor Molly Fox.

Fox is the corresponding author of the study "Of scents and cytokines: How olfactory and food aversions relate to nausea and immunomodulation in early pregnancy," recently published in the journal Evolution, Medicine and Public Health.

The researchers believe that this delicate balance, which protects mother and fetus, is achieved by a unique mix of inflammatory responses. They function to prevent the mother's body from rejecting the fetus, alongside adaptive behavioral mechanisms, like nausea, that encourage the mother to avoid foods that are potentially harmful, especially in the first and second trimesters when the fetus is most vulnerable.

"Nausea, vomiting or aversions to foods or smells are not indications that something is going wrong for the mother or the fetus. It's likely an indication that everything is moving along normally, and a reflection of the body's healthy and helpful immune response," said UCLA anthropology professor and paper co-author Daniel Fessler.




Methodology and findings

For the study, the UCLA-led team of anthropologists and epidemiologists collected and analyzed blood samples to measure immune system molecules called cytokines. Cytokines are proteins that send signals to help the body launch a quick defense against sickness and regulate inflammation. Participants also filled out questionnaires that asked about morning sickness-related symptoms and food and smell aversions during the early stages of pregnancy. The participants were 58 Latina women in Southern California who were followed beginning in early pregnancy through the postpartum.

Sixty-four percent of study participants experienced odor or food aversions, primarily to tobacco smoke and meat. Sixty-seven percent reported nausea and 66% experienced vomiting.

The study team measured cytokines that promote inflammation (pro-inflammatory) as well as cytokines that suppress inflammation (anti-inflammatory). They found that women who experienced an aversion to tobacco smoke showed a noticeable shift toward a more inflammatory response. Food aversions, nausea and vomiting were also associated with a more pro-inflammatory immune balance.

Natural selection?

The correlation is consistent with researchers' theory that these symptoms may be part of an evolutionary adaptation that helps pregnant mothers' bodies minimize exposure to harmful substances, though the study's authors caution that the evidence is not definitive and more research is needed.




They emphasized that the study allowed the team to look at both human biological and behavioral responses during pregnancy.

"In many mammals, the fetal compartment has barriers separating it from the mother's blood supply, where her immune cells are. But in humans, we have a unique setup -- fetal cells are bathed in maternal blood. Humans have the most invasive of all placentas, burrowing deep into maternal tissue. So humans need unique strategies to prevent the mother's immune system from attacking the fetus," said Fox.

These immunological changes may induce nausea, which in turn encourages food avoidance that might act as an additional layer of protection, according to the researchers

"Nowadays, you will see labels on packages of ground beef or soft cheese that warn pregnant women to be cautious about these products because of the risks of foodborne illness during pregnancy. Aversions to certain odors and foods, and nausea and even vomiting, appear to be evolution's way of achieving that same objective," said Fessler.

Practical implications

The researchers, including first author Dayoon Kwon, who just completed her Ph.D. in epidemiology at UCLA (and is now a postdoctoral fellow at Stanford), said that the study could help bolster recognition that nausea and vomiting are normal symptoms with biological underpinnings associated with healthy pregnancies. The study's results could help in paving the way for common-sense workplace accommodations, such as more efficient deployment of health care benefits and other helpful resources to reduce stigma, excessive absences and lost productivity.

They also encourage other researchers to continue to look into the questions raised by the study, to not only explore the evolutionary questions, but to work toward providing clinicians with non- or low-invasive measures of prognoses.

Funding for this study was provided by the National Institute of Health.
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The hidden iron switch that makes cancer cells self-destruct | ScienceDaily
Researchers at Duke University have shown that blocking an enzyme involved in iron regulation not only kills multiple myeloma cancer cells, but also increases the effectiveness of current therapies against the disease.


						
The research appeared September 12 in the journal Blood.

Multiple myeloma (MM) is an incurable cancer of plasma, a type of white blood cell that normally makes antibodies to fight infection. MM cells build up in the bone marrow, crowding out healthy blood-forming cells, and produce large amounts of abnormal antibodies. This buildup can weaken the immune system, damage the kidneys and other organs, and cause painful bone disease. MM accounts for nearly 10 percent of all blood cancer diagnoses, and while there are targeted treatments to manage the disease, incidences of symptom relapse and drug-resistant multiple myeloma are increasing.

Although it's unclear what causes multiple myeloma, researchers have observed that MM is often associated with the suppression of ferroptosis, a natural process of cell death associated with excess iron accumulation. Ferroptosis causes oxidative damage to the lipids in the cellular membrane, triggering the cell to break apart. But when that process is suppressed, cell death doesn't occur.

"Cancer cells live like there is no tomorrow," said Mikhail Nikiforov, professor of pathology and biomedical engineering at Duke. "They accumulate iron at levels that would normally be toxic and tear cells apart, but that wasn't what we observed. Instead, these cancer cells adapted to resist the type of cell death triggered by iron overload, and the mechanisms behind this suppression were largely unknown."

But Nikiforov and a team of collaborators across Duke have finally answered this long-standing question by identifying kinase STK17B as a key enzyme responsible for suppressing ferroptosis in MM cells. Typically involved in cell death and T-cell activation, the researchers observed that STK17B was also critical at maintaining the balance of iron in the cell by regulating pro- and anti-ferroptotic proteins.

"Elevated levels of STK17B are associated with poor overall survival in MM patients," said Nikiforov. "STK17B expression is also especially pronounced in relapsed cases of the disease, underscoring its role in therapy resistance."

Using a compound developed by Timothy Willson, the Harold Kohn Distinguished Professor in Open Science Drug Discovery at the UNC Eshelman School of Pharmacy, the team was able to inhibit STK17B's control over iron buildup in the cell, reactivating ferroptosis. They also observed that inhibiting STK17B made cancer cells more sensitive to conventional MM therapies.




As a proof of concept, Nikiforov's team administered an oral version of the inhibitor to MM mouse models. They observed that the compound both induced ferroptosis by increasing the iron uptake of cancer cells and significantly reduced tumor growth in the mouse models.

"These findings establish that STK17B is a critical safeguard protecting MM cells from the toxic consequences of their iron independence," said Nikiforov. "Inhibiting this kinase holds much promise as a therapeutic strategy."

Beyond plans to explore how to improve the formulation, the team has also filed a provisional patent based on their findings with the goal of eventually commercializing the therapy. They also hope to study how the formula could be used to regulate drug resistance in other cancers.

"Many other types of cancer cells are also resistant to ferroptosis," said Nikiforov. "We're curious to see how this inhibitor could improve therapies for other tumors outside of multiple myeloma."

This work was supported by the National Institutes of Health, the National Cancer Institute grants NCI R01CA264984 (M.A.N), NCI R21CA267275 and 17R21CA280499 (Y. K.), NHLBI R01HL168492 (E.A.L.), NCI P30CA014236 (Duke Cancer Institute), and support from the Paula and Rodger Riney Foundation (L.H.B.). The Structural Genomics Consortium (SGC) is a registered charity (no: 1097737) that receives funds from Bayer AG, Boehringer Ingelheim, Bristol Myers Squibb, Genentech, Genome Canada, through Ontario Genomics Institute [OGI-196], EU/EFPIA/OICR/McGill/KTH/Diamond Innovative Medicines Initiative 2 Joint Under-taking [EUbOPEN grant 875510], Janssen, Merck KGaA (also known as EMD in Canada and the US), Pfizer, and Takeda. Funding for this project was provided in part by the NIH Illuminating the Druggable Genome grant 1U24DK116204-01.
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Why Gen X women can't stop eating ultra-processed foods | ScienceDaily
They were the first generation of Americans to grow up with ultra-processed foods all around them - products typically loaded with extra fat, salt, sugar and flavorings. They were children and young adults at a time when such products, designed to maximize their appeal, proliferated.


						
Now, a study shows, 21% of women and 10% of men in Generation X and the tail end of the Baby Boom generation, now in their 50s and early 60s, meet criteria for addiction to these ultra-processed foods.

That rate is far higher than it is among adults who grew up just a decade or two earlier, and only encountered ultra-processed foods in adulthood. Among adults age 65 to 80, just 12% of women and 4% of men meet criteria for ultra-processed food addiction.

The study, published in the journal Addiction by a team from the University of Michigan, is based on nationally representative data from more than 2,000 older Americans surveyed by the U-M National Poll on Healthy Aging.

The poll is based at the U-M Institute for Healthcare Policy and Innovation and supported by Michigan Medicine, U-M's academic medical center. The new paper builds on a previous poll report by diving deeper into generational differences and correlations with health.

Measuring food addiction in an under-studied group

The researchers used the modified Yale Food Addiction Scale 2.0 (mYFAS 2.0), a standardized tool adapted from the criteria used to diagnose substance use disorders. The scale asks about 13 experiences with ultraprocessed foods and drinks that define addiction, such as strong cravings, repeated unsuccessful attempts to cut down, withdrawal symptoms, and avoiding social activities because of fear of overeating.




In this case, the "substance" is not alcohol or nicotine, but highly rewarding ultra-processed foods such as sweets, fast food, and sugary beverages. By applying clinical addiction criteria to ultra-processed foods, the study highlights the ways in which such foods can "hook" people.

"We hope this study fills a gap in knowledge about addiction to ultra-processed foods among older adults, as measured by a well-studied and standardized scale," said Lucy K. Loch, a graduate student in the U-M Department of Psychology. "Today's older adults were in a key developmental period when our nation's food environment changed. With other research showing clear links between consumption of these foods and risk of chronic disease and premature death, it's important to study addiction to ultra-processed foods in this age group."

Differences by gender

Unlike traditional substance use disorders -- which historically have been more common in older men -- ultra-processed food addiction shows the opposite pattern: higher prevalence in older women.

One explanation may be the aggressive marketing of "diet" ultra-processed food to women in the 1980s.

Low-fat cookies, microwaveable meals, and other carbohydrate-heavy products were promoted as weight-control solutions, but their engineered nutrient profiles may have reinforced addictive eating patterns.




Women now aged 50 to 64 may have been exposed to ultraprocessed foods during a sensitive developmental window, which may help explain the poll's findings for this age group, said senior author Ashley Gearhardt, Ph.D., a professor of psychology at U-M and member of IHPI. Gearhardt leads the U-M Food and Addiction Science & Treatment Lab.

"The percentages we see in these data far outpace the percentages of older adults with problematic use of other addictive substances, such as alcohol and tobacco," said Gearhardt. "We also see a clear association with health and social isolation, with much higher risks of ultra-processed food addiction in those who call their mental or physical health status fair or poor, or say they sometimes or often feel isolated from others."

Key findings related to overweight, health status and social isolation
    	Overweight self-perception:            	Women aged 50 to 80 who said they are overweight were more than 11 times as likely to meet criteria for ultra-processed food addiction than women who say their weight is about right. Men who reported being overweight were 19 times as likely.
        	No matter what their age, 33% of women who described themselves as overweight, 13% of women who described themselves as slightly overweight and 17% of men who described themselves as overweight met criteria for addiction to ultra-processed foods. Of the total sample, 31% of women and 26% of men in the sample said they were overweight and 40% of women and 39% of men said they were slightly overweight.
    
    
    	Health status:            	Men reporting fair or poor mental health were four times as likely to meet criteria for ultra-processed food addiction; women were nearly three times as likely.
        	For physical health, men reporting fair or poor health were three times as likely to meet criteria for ultra-processed food addiction, and women were nearly two times as likely.
    
    
    	Social isolation: Men and women who reported feeling isolated some of the time or often were more than three times as likely to meet criteria for ultra-processed food addiction as those who did not report isolation.

The researchers suggest that individuals who perceive themselves as overweight may be particularly vulnerable to "health-washed" ultra-processed foods - those marketed as low-fat, low-calorie, high-protein or high-fiber, but still formulated to amplify their appeal and maximize craving.

"These products are sold as health foods - which can be especially problematic for those trying to reduce the number of calories they consume," Gearhardt said. "This especially affects women, because of the societal pressure around weight."

Looking Ahead

The generation of older adults now in their 50s and early 60s is the first to live most of their lifespan in a food environment dominated by ultra-processed foods, Geahardt noted.

"These findings raise urgent questions about whether there are critical developmental windows when exposure to ultra-processed foods is especially risky for addiction vulnerability," she said. "Children and adolescents today consume even higher proportions of calories from ultra-processed foods than today's middle-aged adults did in their youth. If current trends continue, future generations may show even higher rates of ultra-processed food addiction later in life."

She added, "Just as with other substances, intervening early may be essential to reducing long-term addiction risk across the lifespan."

About the study

The study was funded by a National Science Foundation Graduate Research Fellowship Program (DGE-2241144) and the National Institute on Drug Abuse of the National Institutes of Health (5R01DA055027).

In addition to Loch and Gearhardt, the study's co-authors are Matthias Kirch, M.S., Dianne C. Singer, M.P.H, Erica Solway, Ph.D., M.S.W., M.P.H., J. Scott Roberts, Ph.D. and poll director Jeffrey T. Kullgren, M.D., M.P.H., M.S. Roberts is a member of the faculty at the U-M School of Public Health, and Kullgren is a member of the faculty in the U-M Medical School and a primary care physician at the VA Ann Arbor Healthcare System.
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Simple blood test predicts liver disease years before symptoms | ScienceDaily

"These are diseases that are growing increasingly common and that have a poor prognosis if detected late," says Rickard Strandberg, affiliated researcher at Karolinska Institutet's Department of Medicine in Huddinge, who has developed the test with his departmental colleague Hannes Hagstrom. "Our method can predict the risk of severe liver disease within 10 years and is based on three simple routine blood tests."

For the study, the researchers at Karolinska Institutet in Sweden and their colleagues in Finland evaluated how well the method can estimate the risk of severe liver disease. The model, which is called CORE, was produced with advanced statistical methods and is based on five factors: age, sex and levels of three common liver enzymes (AST, ALT and GGT), which are commonly measured during regular health checks.

A web-based calculator

Their aim has been to produce a tool that is easy to use in primary care, where most patients first seek medical attention. A web-based calculator is already available for doctors and nurses at www.core-model.com.

"This is an important step towards being able to offer early screening for liver disease in primary care," says principal investigator Hannes Hagstrom, adjunct professor at Karolinska Institutet's Department of Medicine in Huddinge, and senior consultant at Karolinska University Hospital. "Drug treatment is now available, soon hopefully also in Sweden, for treating people at a high risk of developing liver diseases such as cirrhosis or liver cancer."

The study is based on data from over 480,000 people in Stockholm who underwent health checks between 1985 and 1996. On following the participants for up to 30 years, the researchers could see that some 1.5 per cent developed severe liver disease, such as liver cirrhosis and liver cancer, or required a liver transplant.




Highly accurate risk prediction

The CORE model proved highly accurate and was able to differentiate between people who either did or did not develop the disease in 88 per cent of cases, which is an improvement on the currently recommended FIB-4 method.

"Primary care hasn't had the tools to detect the risk of severe liver disease in time," says Professor Hagstrom. "FIB-4 is not suited for the general population and is less effective at predicting the future risk of severe liver disease."

The model was also tested on two other population groups in Finland and the UK, where it again demonstrated a high accuracy in predicting this risk. The researchers make the point, however, that it needs to be further tested on groups at especially high risk, such as people with type 2 diabetes or obesity. They also recognise a need to integrate the model into medical records systems to facilitate its clinical use.

The study was a collaboration between Karolinska Institutet, Helsinki University Hospital, Helsinki University and the Finnish Institute for Health and Welfare. It was financed by the Swedish Research Council, Region Stockholm (CIMED) and the Swedish Cancer Society. Hannes Hagstrom is engaged in several collaborations with the pharmaceutical industry regarding liver disease prognosis, but none that is relevant to the current study.
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Stunning images reveal how antibiotics shatter bacterial defenses | ScienceDaily
A team led by UCL (University College London) and Imperial College London researchers has shown for the first time how life-saving antibiotics called polymyxins pierce the armor of harmful bacteria.


						
The findings, published in the journal Nature Microbiology, could lead to new treatments for bacterial infections - especially urgent since drug-resistant infections already kill more than a million people a year.

Polymyxins were discovered more than 80 years ago and are used as a last-resort treatment for infections caused by "Gram negative" bacteria. These bacteria have an outer surface layer that acts like armor and prevents certain antibiotics from penetrating the cell. Polymyxins are known to target this outer layer, but how they disrupt it and then kill bacteria is still not understood.

In the new study, the research team revealed in high-resolution images and biochemical experiments how the antibiotic Polymyxin B rapidly caused bumps and bulges to break out on the surface of an E. coli bacterial cell.

These protrusions, which appeared within minutes, were followed by the bacterium rapidly shedding its outer armor.

The antibiotic, the researchers concluded, had triggered the cell to produce and shed its armor. The more the cell tried to make new amor, the more it lost the amor it was making, at such a rate that it left gaps in its defenses, allowing the antibiotic to enter the cell and kill it.

However, the team found that this process - protrusions, fast production and shedding of armor, and cell death - only occurred when the cell was active. In dormant (sleeping) bacteria, armor production is switched off, making the antibiotic ineffective.




Co-senior author Dr Andrew Edwards, from Imperial, said: "For decades we've assumed that antibiotics that target bacterial armor were able to kill the microbes in any state, whether they're actively replicating or they were dormant. But this isn't the case. Through capturing these incredible images of single cells, we've been able to show that this class of antibiotics only work with help from the bacterium, and if the cells go into a hibernation-like state, the drugs no longer work -- which is very surprising."

Becoming dormant allows bacteria to survive unfavorable conditions such as a lack of food. They can stay dormant for many years and "wake up" when conditions become more favorable. This can allow bacteria to survive against antibiotics, for instance, and reawaken to cause recurrent infections in the body.

Co-senior author Professor Bart Hoogenboom, based at the London Centre for Nanotechnology at UCL, said: "Polymyxins are an important line of defense against Gram-negative bacteria, which cause many deadly drug-resistant infections. It is important we understand how they work.

"Our next challenge is to use these findings to make the antibiotics more effective. One strategy might be to combine polymyxin treatment - counterintuitively - with treatments that promote armor production and/or wake up 'sleeping' bacteria so these cells can be eliminated too.

"Our work also shows we need to take into account what state bacteria are in when we are assessing the effectiveness of antibiotics."

The E. coli cells were imaged at the London Centre for Nanotechnology at UCL. A tiny needle, only a few nanometers wide, was run over the bacterial cell, "feeling" the shape to create an image (a technique called atomic force microscopy) at much higher resolution than would be possible using light.




Co-author Carolina Borrelli, a PhD student at the London Centre for Nanotechnology at UCL, said: "It was incredible seeing the effect of the antibiotic at the bacterial surface in real-time. Our images of the bacteria directly show how much polymyxins can compromise the bacterial armor. It is as if the cell is forced to produce 'bricks' for its outer wall at such a rate that this wall becomes disrupted, allowing the antibiotic to infiltrate."

The team compared how active (growing) and inactive E. coli cells responded to polymyxin B in the lab, finding that the antibiotic efficiently eliminated active cells but did not kill dormant cells.

They also tested the E. coli cells' response with and without access to sugar (a food source that wakes up dormant cells). When sugar was present, the antibiotic killed previously dormant cells, but only after a delay of 15 minutes - the time needed for the bacteria to consume the sugar and resume production of its outer armor.

In conditions where the antibiotic was effective, the researchers detected more armor being released from the bacteria. They also observed the bulges occurring across the surface of the cell.

In conditions where it was ineffective, the antibiotic bound itself to the outer membrane but caused little damage.

Co-author Dr Ed Douglas, from Imperial, said: "We observed that disruption of the outermost armor of the bacteria only occurred when the bacteria were consuming sugar. Once we knew that, we could quickly figure out what was happening."

Co-author Professor Boyan Bonev, of the University of Nottingham, said: "Working together has given us unique insights into bacterial physiology and morphology under stress that have remained hidden for decades. Now we understand better the weak points of bacteria."

This work was funded by the Biotechnology and Biological Sciences Research Council (BBSRC) and the Engineering and Physical Sciences Research Council (EPSRC), parts of UK Research and Innovation, and by Wellcome.
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Miscarriages, down syndrome, and infertility all linked to this hidden DNA process | ScienceDaily
When a woman becomes pregnant, the outcome of that pregnancy depends on many things -- including a crucial event that happened while she was still growing inside her own mother's womb. It depends on the quality of the egg cells that were already forming inside her fetal ovaries. The DNA-containing chromosomes in those cells must be cut, spliced and sorted perfectly. In males, the same process produces sperm in the testes but occurs only after puberty.


						
"If that goes wrong, then you end up with the wrong number of chromosomes in the eggs or sperm," said Neil Hunter, a professor in the Department of Microbiology and Molecular Genetics at the University of California, Davis. "This can result in infertility, miscarriage or the birth of children with genetic diseases."

In a paper published Sept. 24 in the journal Nature, Hunter's team reports a major new discovery about a process that helps safeguard against these mistakes. He has pieced together the choreography of proteins that connect matching chromosome pairs -- ensuring that they are sorted correctly as egg and sperm cells develop and divide.

Hunter's discoveries required methods to watch the molecular events of chromosome recombination unfold with unprecedented detail. This involved genetic engineering in budding yeast -- a model organism that has been used for decades to discover how fundamental cellular processes work.

"The chromosome structures that we studied have changed very little across evolution," Hunter said. "Every protein that we looked at in yeast has a direct counterpart in humans." His findings could improve our understanding of fertility problems and how they are diagnosed and treated in humans.

Forming chromosome crossovers for strong connections

Humans have 46 chromosomes in each of our cells, made up of 23 pairs of matching, "homologous" chromosomes, with one of each pair inherited from each parent. Early in the process of making sperm or eggs, those chromosome pairs line up, and the parental chromosomes break and rejoin to each other. These chromosome exchanges, called "crossovers," serve two important functions.




First, they help ensure that each chromosome that is passed on to the offspring contains a unique mixture of genes from both parents. Crossovers also keep the chromosomes connected in matching pairs. These connections guide the distribution of chromosomes when cells divide to produce eggs and sperm. Maintaining crossover connections is especially crucial in females, Hunter said.

As chromosomes pair up in developing egg or sperm cells, matching DNA strands are exchanged and twined together over a short distance to form a structure called a "double Holliday junction." DNA strands of this structure are then cut to join the chromosomes forming a crossover.

In males, developing immature sperm cells then immediately divide and distribute chromosomes to the sperm. In contrast, egg cells developing in the fetal ovary arrest their development after crossovers have formed. The immature egg cells can remain in suspended animation for decades after birth, until they are activated to undergo ovulation.

Only then does the process lurch back into motion: The egg cell finally divides, and the chromosome pairs that were connected by crossovers are finally separated to deliver a single set of chromosomes to the mature egg. "Maintaining the crossover connections over many years is a major challenge for immature egg cells," Hunter said.

If chromosome pairs aren't connected by at least one crossover, they can lose contact with each other, like two people separated in a jostling crowd. This causes them to segregate incorrectly when the cell finally divides, producing egg cells with extra or missing chromosomes. This can cause infertility, miscarriage or genetic conditions such as Down syndrome, in which a child is born with an extra copy of chromosome 21, leading to cognitive impairment, heart defects, hearing loss and other problems.

From yeast to humans

Hunter has spent years trying to understand how crossovers form and how this process can fail and cause reproductive problems. By studying this process in yeast, researchers can directly visualize molecular events of double-Holliday junction resolution in synchronized populations of cells.




Researchers have identified dozens of proteins that bind and process these junctions. Hunter and then-postdoctoral fellow Shangming Tang (now an assistant professor of biochemistry and molecular genetics at the University of Virginia) used a technique called "real-time genetics" to investigate the function of those proteins. With this method, they made cells degrade one or more specific proteins within the junction-associated structures. They could then analyze the DNA from these cells, to see whether the junctions were resolved and if they formed crossovers. In this way, they built up a picture in which a network of proteins function together to ensure that crossovers are formed.

"This strategy allowed us to answer a question that previously wasn't possible," Hunter said.

They identified key proteins such as cohesin that prevent an enzyme called the STR complex (or Bloom complex in humans) from inappropriately dismantling the junctions before they can form crossovers.

"They protect the double Holliday junction," Hunter said. "That is a key discovery."

This years-long research project in yeast is broadly relevant for human reproduction because the process has changed very little during evolution. Failure to protect double-Holliday junctions may be linked to fertility problems in humans.

In addition to Tang, the postdoc, seven undergraduates in the UC Davis College of Biological Sciences contributed to this work, including Jennifer Koo, Mohammad Pourhosseinzadeh, Emerald Nguyen, Natalie Liu, Christopher Ma, Hanyu Lu and Monica Lee.

Additional authors on the paper include Sara Hariri, Regina Bohn and John E. McCarthy, all members of the Hunter lab.

Hunter's research is funded by the National Institutes of Health and the Howard Hughes Medical Institute. His work has also received funding from the UC Davis Comprehensive Cancer Center, the American Cancer Society, the Concern Foundation for Cancer Research, and the Damon Runyon Cancer Foundation.

Hunter's research on crossover and homologous recombination uses advanced scientific facilities at the university's Proteomics Core Facility, MCB Light Microscopy Imaging Facility, Genome Center, Mouse Biology Program, and the Comprehensive Cancer Center.
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Fruit might be the surprising key to healthier lungs | ScienceDaily
Eating fruit may reduce the effects of air pollution on lung function, according to research presented at the European Respiratory Society Congress in Amsterdam, the Netherlands.


						
The study was presented by Pimpika Kaewsri, a PhD student from the Centre for Environmental Health and Sustainability at the University of Leicester, UK.

She explains: "Over 90% of the global population is exposed to air pollution levels that exceed WHO guidelines, and ample research shows that exposure to higher air pollution levels is associated with reduced lung function.

"Separately, a healthy diet -- particularly one high in fruits and vegetables -- has been linked to better lung function. We wanted to explore whether a healthy diet or specific food groups could modify or partly mitigate the known adverse effects of air pollution on lung function."

Using UK Biobank data from around 200,000 participants, Kaewsri compared people's dietary patterns -- including their fruit, vegetable and whole grains intake -- with their lung function (FEV1 - the amount of air exhaled in one second) and their exposure to air pollution in the form of fine particulate matter (PM2.5). PM2.5 concentration is the amount of very tiny particles, 2.5 micrometers or smaller, released into the air, for example by vehicle exhausts and industrial processes. The team also accounted for other factors such as age, height, and socioeconomic status.

For every increase in exposure to PM2.5 of five micrograms per cubic meter of air, the team observed a 78.1ml reduction in FEV1 in the low fruit intake group, compared to only a 57.5ml reduction in the high fruit intake group in women.

Kaewsri explains: "Our study confirmed that a healthy diet is linked to better lung function in both men and women regardless of air pollution exposure. And that women who consumed four portions of fruit per day or more appeared to have smaller reductions in lung function associated with air pollution, compared to those who consumed less fruit.




"This may be partly explained by the antioxidant and anti-inflammation compounds naturally present in fruit. These compounds could help mitigate oxidative stress and inflammation caused by fine particles, potentially offsetting some of the harmful effects of air pollution on lung function."

Kaewsri also noted that, in the study population, men generally reported lower fruit intake than women. "This difference in dietary patterns may help explain why the potential protective effect of fruit against air pollution was only observed in women," she adds.

Kaewsri plans to extend the research by exploring whether diet can influence changes in lung function over time.

Professor Sara De Matteis, Chair of the European Respiratory Society's expert group on occupational and environmental health, based at the University of Turin, Italy, who was not involved in the research said: "This study confirms the potential respiratory health benefits of a healthy diet, especially rich in fresh fruit intake.

"However, access to a healthy diet is not equally distributed in the population and, even if the authors adjusted for socioeconomic status, some residual confounding cannot be ruled out.

"A healthy plant-rich diet should be promoted in the population starting from primary school, not only for preventing chronic diseases, but also to reduce the carbon-footprint of meat-rich diets.

"This does not exempt governments from continuing with environmental policies to reduce air pollution to as low as possible, given there are no safe exposure levels, and it does not transfer their accountability to individuals whose diet choices are often constrained by economic needs."
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Doctors tested a common drug on COVID. The results are stunning | ScienceDaily
A widely available and affordable drug has been shown to be effective in treating seriously ill COVID-19 patients, according to a new international study led by researchers at the Australian National University (ANU) in collaboration with King's College London.


						
The study analyzed data from almost 500 patients hospitalized with COVID-19 across six countries. Patients who inhaled heparin were half as likely to require ventilation and had a significantly lower risk of dying compared with those receiving standard care.

Heparin, a drug traditionally injected to treat blood clots, was tested in this study in an inhaled form, targeting the lungs directly. As well as acting as an anticoagulant, heparin has anti-inflammatory and pan-antiviral properties. Earlier research results showed breathing and oxygen levels improved in COVID-19 patients after they inhaled a course of heparin.

The researchers believe the drug could also be useful in fighting other serious respiratory infections such as pneumonia.

Professor Clive Page, Emeritus Professor of Pharmacology at King's who co-led the international study with ANU's Professor van Haren, said: "Inhaled heparin is anti-viral, anti-inflammatory and anti-coagulant. There's no other drug that has that unique combination. We know it's only a matter of time until the next pandemic, and there are still COVID-19 patients who get very sick. This is a great weapon to have up our sleeve."

While the findings highlight the potential of inhaled heparin, further development is required before the treatment can be routinely adopted. The researchers believe the drug could also be useful in fighting other serious respiratory infections such as pneumonia, which can be caused by a range of viruses and bacteria.

According to Professor van Haren, the drug would also be helpful for those with a compromised immune system, such as cancer patients, when they experience a respiratory infection.

Professor Frank van Haren, lead author, ANU and Director of the Intensive Care Unit at the St George Hospital in Sydney, said: "It doesn't matter what kind of respiratory infection the patient is dealing with, the drug -- when inhaled -- will stop it from infecting the patient and from damaging the lungs. We're aiming to conduct another trial in Europe to confirm its effectiveness in fighting other common respiratory infections such as influenza and RSV. And because it's inexpensive, it's much more accessible for those from low-income countries"

The researchers are now also developing an improved formulation of heparin, specifically designed to be given by inhalation.

The research is published in eClinicalMedicine and simultaneously presented of at the European Respiratory Society (ERS) International Congress in Amsterdam on Sunday, September 28, the leading annual gathering for respiratory research.
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New inhaler halves childhood asthma attacks | ScienceDaily
Findings from a trial comparing the real-world effectiveness of asthma inhalers could reshape how children with asthma are treated.


						
In the first randomized controlled trial to investigate the use of a 2-in-1 inhaler as the sole reliever therapy for children aged 5 to 15, an international team found the combined treatment to be more effective than salbutamol, the current standard for asthma symptom relief in children, with no additional safety concerns.

The results show that using a single 2-in-1 anti-inflammatory reliever inhaler - which combines the inhaled corticosteroid (ICS) budesonide and the fast-acting bronchodilator formoterol - reduced children's asthma attacks by an average of 45%, compared to the widely-used salbutamol inhaler.

Asthma attacks in children may be life-threatening and reducing their frequency and severity is a public health priority.

The 2-in-1 budesonide-formoterol inhaler is widely recommended as the preferred reliever treatment for adults, but children are still usually prescribed salbutamol.

Researchers say the findings, published on Sept. 27 in The Lancet, provide the evidence needed to bring children's global asthma guidelines into line with adults', which could benefit millions of children around the world with mild-to-moderate asthma.

The CARE study (Children's Anti-inflammatory REliever) was designed and led by the Medical Research Institute of New Zealand (MRINZ), in collaboration with Imperial College London, University of Otago Wellington, Starship Children's Hospital, and the University of Auckland. It recruited 360 children across New Zealand who were then randomly assigned to receive either budesonide-formoterol or salbutamol for on-demand symptom relief.




The trial lasted a year and the budesonide-formoterol reliever resulted in a lower rate of asthma attacks than salbutamol reliever, with rates of 0.23 versus 0.41 per participant per year. This means that for every 100 children with mild asthma who are switched from salbutamol to a 2-in-1 budesonide-formoterol inhaler, there would be 18 fewer asthma attacks per year.Importantly, the study also confirmed the safety of the combined-inhaler approach, with no significant differences in children's growth, lung function, or asthma control between the two groups.

Dr Lee Hatter, lead author of the study and Senior Clinical Research Fellow at the MRINZ, said: "This is a key step in addressing the evidence gap that exists between asthma management in adults and children. For the first time, we have demonstrated that the budesonide-formoterol 2-in-1 inhaler, used as needed for symptom relief, can significantly reduce asthma attacks in children with mild asthma. This evidence-based treatment could lead to improved asthma outcomes for children worldwide."

Professor Richard Beasley, Director of MRINZ and senior author of the study, said: "Implementing these findings could be transformative for asthma management on a global scale. The evidence that budesonide-formoterol is more effective than salbutamol in preventing asthma attacks in children with mild asthma has the potential to redefine the global standard of asthma management."

The burden of asthma in the estimated 113 million children and adolescents with asthma worldwide is substantial. The latest study builds on previous studies in adults led by MRINZ researchers (see detail in Notes, below) which shaped international asthma treatment guidelines. These findings contributed to the recommended use of the 2-in-1 ICS-formoterol reliever inhaler as the preferred reliever treatment for adults with asthma around the world.

The incorporation of findings from the CARE study into global asthma treatment strategies could help reduce disparities in care and ensure that more children access effective, evidence-based treatments.

The researchers say that global health organizations have long advocated for child-targeted asthma interventions, and their findings provide crucial evidence to support those efforts.




However, the authors acknowledge some limitations of the clinical trial. It was undertaken during the COVID-19 pandemic, during which stringent public health measures and fewer circulating respiratory viruses contributed to the lower than predicted rate of severe asthma attacks. The authors also acknowledge the challenges with the identification of asthma attacks in children, and the potential bias with the lack of blinding of the randomized treatments. They say though that the study's findings are generalizable to clinical practice due to its pragmatic, real-world design.

Professor Andrew Bush, from Imperial College London, senior respiratory pediatrician and co-author of the CARE study, said: "Having an asthma attack can be very scary for children and their parents. I'm so pleased that we've been able to prove that an inhaler that significantly reduces attacks - already a game-changer for adults -- is safe for children with mild asthma too. We believe this will transform asthma care worldwide and are excited to be building on this work with the CARE UK study."

Professor Helen Reddel, Chair of the Science Committee of the Global Initiative for Asthma (GINA), commented on the global significance of the study, saying that it fills a critically important gap for asthma management globally. Professor Reddel said: "Asthma attacks have a profound impact on children's physical, social and emotional development and their prevention is a high priority for asthma care. It is in childhood, too, that lifelong habits are established, particularly reliance on traditional medications like salbutamol that only relieve symptoms and don't prevent asthma attacks."

Professor Bob Hancox, Medical Director of the New Zealand Asthma and Respiratory Foundation, said: "This is a very important study for children with mild asthma. We have known for some time that 2-in-1 budesonide/formoterol inhalers are better than the traditional reliever treatment in adults, but this had not been tested in children. This research shows that this 2-in-1 inhaler is effective and safe for children as young as 5. This information will help to reduce the burden of asthma for many children, and both they and their families will breathe easier because of it."

Study key points: 
    	The CARE study is the first randomized controlled trial comparing ICS-formoterol anti-inflammatory reliever inhaler treatment with salbutamol reliever inhaler treatment, in children aged five to 15 years with asthma.
    	Budesonide-formoterol demonstrated a significant reduction in asthma attacks, with a 45% decrease in the rate of attacks compared to salbutamol (0.23 vs 0.41 attacks per participant per year; relative rate 0.55, 95% CI 0.35-0.86, p=0.01).
    	These findings are consistent with established benefits seen in adults, where ICS-formoterol has become the preferred reliever treatment for asthma management.
    	The study found no safety concerns regarding the use of a combined inhaled steroid treatment in children, with no adverse effects on growth or lung function.
    	This study provides compelling evidence that switching from a salbutamol reliever inhaler to a budesonide-formoterol reliever inhaler can help prevent asthma attacks in children with mild asthma as young as five, which could lead to a potential shift in asthma treatment globally

The study was made possible by the generous support of the Health Research Council of New Zealand, Cure Kids (New Zealand), and the Barbara Basham Medical Charitable Trust managed by Perpetual Guardian. Symbicort Rapihalers for the trial were provided by AstraZeneca.
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Junk food can scramble memory in just 4 days | ScienceDaily
Diet impacts the brain a lot more than we think.


						
A new study from UNC School of Medicine researchers, published in Neuron, reveals a unique look at how junk food rewires the brain's memory hub - leading to risk of cognitive dysfunction. This new research opens the door to early interventions that can prevent even long-term memory loss associated with obesity.

Led by UNC School of Medicine's Juan Song, PhD, principal investigator, professor of pharmacology, and Taylor Landry, PhD, first author, Department of Pharmacology, researchers found that a special group of brain cells in the hippocampus, called CCK interneurons, become overly active after eating a high-fat diet (HFD), due to an impaired ability of the brain to receive glucose (sugar). This overactivity disrupts how the hippocampus processes memory, even after just a few days of high fat diet. This type of diet resembles typical Western-style junk food rich in saturated fat -- like cheeseburgers and fries. The discovery also showed that a protein called PKM2, which controls how brain cells use energy, plays a key role in this problem.

"We knew that diet and metabolism could affect brain health, but we didn't expect to find such a specific and vulnerable group of brain cells, CCK interneurons in the hippocampus, that were directly disrupted by short-term high-fat diet exposure," Song said, who is a member of the UNC Neuroscience Center. "What surprised us most was how quickly these cells changed their activity in response to reduced glucose availability, and how this shift alone was enough to impair memory."

Brain Health Study Summary
    	Mouse models were placed on high-fat diet resembling fatty junk food before starting behavioral testing.
    	Within 4 days of eating high-fat diet, results showed CCK interneurons in the brain's memory hub became abnormally active.
    	Results suggest fatty junk foods can affect the brain almost immediately, well before the onset of weight gain or diabetes.

Research findings also highlight how sensitive memory circuits are to diet, underscoring the importance of nutrition in maintaining brain health. A high-fat diet, rich in saturated fats, could possibly lead to an elevated risk of developing neurodegenerative diseases, like dementia and Alzheimer's, according to the study.

The research also shows that restoring brain glucose levels actually calmed down overactive neurons and fixed memory problems in mice. The study found interventions like dietary modifications or pharmacological approaches may be effective in preserving brain health for obesity-related neurodegeneration. Notably, researchers discovered that dietary interventions like intermittent fasting periods following a high-fat diet were sufficient to normalize CCK interneurons and improve memory function.

"This work highlights how what we eat can rapidly affect brain health and how early interventions, whether through fasting or medicine, could protect memory and lower the risk of long-term cognitive problems linked to obesity and metabolic disorders," said Song. "In the long run, such strategies could help reduce the growing burden of dementia and Alzheimer's linked to metabolic disorders, offering more holistic care that addresses both body and brain."

This research is ongoing to further understand how these glucose-sensitive neurons disrupt brain rhythms that support memory. Researchers plan to test whether these targeted therapies could be translated into humans and how a high-fat diet could be a factor in Alzheimer's disease. Lifestyle-based interventions will also be explored, such as dietary patterns that stabilize brain glucose, to see if they offer protective benefits.
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Living with purpose may protect your brain from dementia | ScienceDaily
Research into Blue Zones -- regions of the world where people tend to live longer -- shows that having a sense of purpose in life may help people live longer.


						
Now, new research from UC Davis shows that having a sense of purpose in life may have another benefit as people age: reducing the risk of dementia.

The new study, published in The American Journal of Geriatric Psychiatry, followed over 13,000 adults aged 45 and older for up to 15 years.

Researchers found that people who reported a higher sense of purpose in life were about 28% less likely to develop cognitive impairment -- including mild cognitive impairment and dementia.

The protective effect of having a purpose was seen across racial and ethnic groups. It also remained significant even after accounting for education, depression and the APOE4 gene, which is a known risk factor for Alzheimer's disease.

Purpose in life helps the brain stay resilient

"Our findings show that having a sense of purpose helps the brain stay resilient with age," said Aliza Wingo, senior author and professor in the UC Davis Department of Psychiatry and Behavioral Sciences. "Even for people with a genetic risk for Alzheimer's disease, sense of purpose was linked to a later onset and lower likelihood of developing dementia."

Participants were not specifically asked about the activities that gave their life purpose. Previous studies on aging, though, have found a wide rang of activities give older adults a sense of life purpose, sometimes referred to as "ikigai." These include:
    	Relationships: Caring for family, spending time with grandchildren or supporting a spouse or friend.
    	Work or volunteering: Continuing professional work, mentoring or contributing to community causes.
    	Spirituality or faith: Religious beliefs, spiritual practices or involvement in faith-based communities.
    	Personal goals: Pursuing hobbies, learning new skills or setting and achieving personal milestones.
    	Helping others: Acts of kindness, philanthropy, caregiving or advocacy work.




Purpose delays onset of cognitive decline

Researchers also found that people with higher purpose tended to experience cognitive decline later than those with lower purpose. On average, the delay in onset was very modest -- about 1.4 months over an eight-year period, after considering the effects of age, education, depressive symptoms, and genetic risk. However, it is meaningful when compared to current treatments.

"While medications like lecanemab and donanemab can modestly delay symptoms of cognitive impairment in Alzheimer's disease, they come with risks and costs," said Nicholas C. Howard, first author and public health researcher at UC Davis. "Purpose in life is free, safe and accessible. It's something people can build through relationships, goals and meaningful activities."

Methods and limitations of study

Participants in the study were part of the Health and Retirement Study, a nationally representative survey funded by the National Institute on Aging. All had normal cognitive health at the beginning of the study.

Researchers used a seven-item survey from the Ryff Measures of Psychological Well-being.Participants had six possible responses (from "strongly agree" to "strongly disagree") for statements such as: "I am an active person in carrying out the plans I set for myself" and "I have a sense of direction and purpose in my life." Their answers were scored and averaged to obtain a well-being number between 1 and 6, with higher values indicating a strong sense of purpose in life.




Their cognitive health was tracked using a telephone-based test every two years.

The researchers noted the study has many strengths, including the size of the population studied. However, a key limitation is that although there was an association, the study did not prove higher levels of purpose caused the lowered rates of dementia.

Findings support role of psychological well-being

Still, the findings support the idea that psychological well-being plays a key role in healthy aging, said Thomas Wingo, a co-author of the study and a professor and neurologist at UC Davis Health. Wingo hopes future studies will explore whether purpose-building interventions can help prevent dementia.

"What's exciting about this study is that people may be able to 'think' themselves into better health. Purpose in life is something we can nurture," he said. "It's never too early -- or too late -- to start thinking about what gives your life meaning."
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Autism may be the price of human intelligence | ScienceDaily

About one in 31 (3.2%) children in the United States has been identified with Autism Spectrum Disorder. Globally, the World Health Organization estimates that around one in 100 children have autism. From an evolutionary perspective, many scientist believe that autism and schizophrenia may be unique to humans. It is very rare to find behaviors associated with the disorders in non-human primates. In addition, behaviors associated with those disorders generally involve cognitive traits like speech production and comprehension that are either unique to or much more sophisticated in humans.

With the development of single cell RNA-sequencing, it became possible to define specific cell types across the brain. As investigators published more large-scale datasets, it became clear that the mammalian brain contains a staggering array of neuronal cell types. In addition, large-scale sequencing studies have identified extensive genetic changes in the brain unique to Homo sapiens -- genomic elements that did not change much in mammalian evolution in general but evolved rapidly in humans.

While previous investigations found that some cell types have remained more consistent throughout evolution than others, the factors driving these differences in evolutionary rate remain unknown. Researchers here investigated recently published cross-species single-nucleus RNA sequencing datasets from three distinct regions of the mammalian brain. They found that the most abundant type of outer-layer brain neurons, L2/3 IT neurons, evolved exceptionally quickly in the human lineage compared to other apes. Surprisingly, this accelerated evolution was accompanied by dramatic changes in autism-associated genes, which was likely driven by natural selection specific to the human lineage. The researchers here explain that although the results strongly suggest natural selection for Autism Spectrum Disorder-associated genes, the reason why this conferred fitness benefits to human ancestors is unclear.

Answering this is difficult because we do not know what human-specific features of cognition, brain anatomy, and neuronal wiring gave human ancestors a fitness advantage, but the investigators here speculate that many of these genes are associated with developmental delay, so their evolution could have contributed to the slower postnatal brain development in humans compared to chimpanzees. Furthermore, the capacity for speech production and comprehension unique to humans is often affected by autism and schizophrenia.

It's possible that the rapid evolution of autism-linked genes conferred a fitness advantage by slowing postnatal brain development or increasing the capacity for language; the lengthier brain development time in early childhood was beneficial to human evolution because it led to more complex thinking.

"Our results suggest that some of the same genetic changes that make the human brain unique also made humans more neurodiverse," said the paper's lead author, Alexander L. Starr.
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Cocoa supplements show surprising anti-aging potential | ScienceDaily
Could cocoa extract supplements rich in cocoa flavanols reduce inflammation and, in turn, prevent age-related chronic diseases? In a new study from the COcoa Supplement and Multivitamin Outcomes Study (COSMOS), investigators from Mass General Brigham and their colleagues looked at changes in five age-related markers of inflammation among participants who received daily cocoa supplements over several years. They found that hsCRP -- an inflammatory marker that can signal increased risk of cardiovascular disease -- decreased in participants taking the cocoa extract supplement, suggesting its anti-inflammatory potential may help explain its heart-protective effects. Their results are published in Age and Ageing.


						
Nutritional interventions have become an increasingly attractive solution for slowing inflammatory aging, so called "inflammaging." Cocoa extract has been shown in previous, smaller studies to reduce inflammatory biomarkers, thanks to flavanols -- small, bioactive compounds found not only in the cocoa bean but also berries, grapes, tea, and other plant-based foods. To bridge the gap between these studies and humans, researchers launched the large-scale COSMOS trial, which examines the effects of cocoa extract on cardiovascular disease, and whether inflammaging may explain those effects.

"Our interest in cocoa extract and inflammaging started on the basis of cocoa-related reductions in cardiovascular disease," said corresponding author Howard Sesso, ScD, MPH, associate director of the Division of Preventive Medicine and associate epidemiologist at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "We also appreciate the important overlap between healthy aging and cardiovascular health, where aging-related inflammation can harden arteries and lead to cardiovascular disease. Because of that, we wanted to see whether multi-year cocoa extract supplementation versus a placebo could modulate inflammaging -- and the data suggests it does."

Between 2014 and 2020, Brigham and Women's Hospital led the COSMOS trial, a large-scale, randomized, double-blind, placebo-controlled clinical trial with 21,442 participants over 60 years old, finding that cocoa extract supplementation decreased cardiovascular disease mortality by 27%.

In this new study, researchers collected and analyzed blood samples of 598 COSMOS participants to measure several inflammaging biomarkers: three pro-inflammatory proteins (hsCRP, IL-6, and TNF-a), one anti-inflammatory protein (IL-10), and one immune-mediating protein (IFN-g). Comparing changes in these biomarkers measured at baseline, 1, and 2 years follow-up, hsCRP levels decreased by 8.4% each year compared with placebo, while the other biomarkers remained relatively consistent or increased modestly.

"Interestingly, we also observed an increase in interferon-g, an immune-related cytokine, which opens new questions for future research," said senior author Yanbin Dong, MD/PhD, Director of the Georgia Prevention Institute (GPI) and cardiologist/population geneticist at the Medical College of Georgia/Augusta University. "While cocoa extract is not a replacement for a healthy lifestyle, these results are encouraging and highlight its potential role in modulatingi nflammation as we age.

The decrease in hsCRP may help explain the cardio-protective effects seen with cocoa extract supplement in the larger COSMOS trial, where participants experienced a reduction in cardiovascular disease death. Researchers said that changes in the other inflammaging markers, including a small reduction in IL-6 observed in female but not male participants, warrant additional study. The team will continue to evaluate the COSMOS trial to determine whether the cocoa -- and multivitamin -- regimens can curb more severe inflammaging, as well as other important aging-related health outcomes.




"This study calls for more attention to the advantage of plant-based foods for cardiovascular health, including cocoa products rich in flavanols," added Sesso. "It reinforces the importance of a diverse, colorful, plant-based diet -- especially in the context of inflammation."

Authorship: In addition to Sesso, Mass General Brigham authors include Sidong Li, Rikuta Hamaya, Allison Clar, Pamela M. Rist, and JoAnn E. Manson. In addition to Dong, Augusta University authors include Haidong Zhu and Ying Huang.

Disclosures: Manson and Sesso received investigator-initiated grants from Mars Edge, a segment of Mars Incorporated dedicated to nutrition research and products, for infrastructure support and donation of COSMOS study pills and packaging, and Pfizer Consumer Healthcare (now Haleon) for donation of COSMOS study pills and packaging during the conduct of the study. Sesso additionally reported receiving investigator-initiated grants from Pure Encapsulations, American Pistachio Growers, and Haleon, and honoraria and/or travel for lectures from the Council for Responsible Nutrition, BASF, Haleon, and NIH during the conduct of the study. No other authors reported any conflicts of interests for this study

Funding: This work is supported by the National Institutes of Health (HL157665). The COcoa Supplement and Multivitamin Outcomes Study (COSMOS) is supported by an investigator-initiated grant from Mars Edge, a segment of Mars dedicated to nutrition research and products, which included infrastructure support and the donation of study pills and packaging. Pfizer Consumer Healthcare (now Haleon) provided support through the partial provision of study pills and packaging. COSMOS is also supported in part by the National Institutes of Health (AG050657, AG071611, and EY025623). Neither company had a role in the trial design or conduct, data collection, data analysis, or manuscript preparation or review.
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Four strange secrets scientists just found in beer and wine | ScienceDaily
Scientists regularly uncork fresh insights into beer and wine -- even though they were invented thousands of years ago. Four recent discoveries go beyond buzz and bouquet, diving into the haziness and gluten content of beer as well as the astringent taste and potential health impacts of wine. Sip back and learn more about research published in ACS' Journal of Agricultural and Food Chemistry.


						
1. Yeast extracts add haze to lager beer.

Hazy beer styles are becoming more popular, and their namesake characteristic usually comes from tiny particles made of barley proteins and hop polyphenols. Alternatively, to produce haziness, researchers have added yeast extracts to two brands of clear lager. The additions made both beverages extremely cloudy because of interactions between ribonucleic acids (RNA) in the extract and proteins in the beer. The researchers say that yeast RNA extracts could be another way to create desirable haziness levels.

2. Lateral flow test detects gluten in beer, food.

People who want or need to avoid gluten should know whether their drinks are safe to consume. A new lateral flow strip detects this protein in food and drinks, and it is sensitive to concentrations from 0 to more than 20 parts per million (ppm). The strip's three lines indicate four ranges below the U.S. Food and Drug Administration's gluten-free limit (20 ppm), showing results in less than three minutes with 98% accuracy. Researchers demonstrated the device's effectiveness using real-world samples, including foods labeled gluten-free and a gluten-containing beer.

3. Tannins in red wine make you pucker.

A recent small-scale study examined why red wine has an astringent taste, often described as drying or lip-puckering. Trained tasting panelists rated red wines with higher tannin content as more astringent. The researchers found that tannins act like a lid for the tiny aquaporin channels in the tongue and salivary glands, letting water exit more than it enters. They say this discovery helps explain red wine's drying mouthfeel and enhances the understanding of beverages' perceived characteristics.

4. Wine sulfites change the gut microbiome.

Sulfites help wine last longer but can cause headaches or digestive issues for some people. So, researchers studied in lab tests how sulfites added to wine and an ethanol-containing liquid affect gut bacteria. They passed the samples through a three-stage process meant to mimic human digestion. After digestion, samples with sulfites contained lower amounts of some beneficial bacteria and greater amounts of bacteria related to negative health effects than before digestion. However, the changes were less in the real wine samples, which the researchers say suggests compounds, such as polyphenols, in wine offered slight protection
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Hidden Alzheimer's warning signs found in Parkinson's patients without dementia | ScienceDaily

In this study, led by first author Keiko Hatano and corresponding author Masashi Kameyama from the Tokyo Metropolitan Institute for Geriatrics and Gerontology in Japan, researchers found that patients with Parkinson's disease (PD) diagnosed in their 80s showed a significantly higher rate of amyloid positivity -- an indicator associated with Alzheimer's disease -- compared to those diagnosed at a younger age. Importantly, none of the participants had dementia. These findings suggest that older patients with PD may face a greater risk of future cognitive decline and could benefit from early screening for Alzheimer's-related brain changes.

Amyloid-beta is considered a key marker of cognitive decline. While it is known that amyloid accumulation contributes to PD with dementia, its role in patients who have not developed cognitive problems remains less understood. This study aimed to explore how age influences amyloid buildup in people with PD who do not yet show signs of dementia.

The researchers analyzed data from 89 individuals with PD and no signs of dementia. Participants were divided into two age-based groups: those diagnosed before age 73 (LOW group) and those diagnosed at age 73 or older (HIGH group). Using cerebrospinal fluid samples, they measured levels of amyloid-beta, a standard method for detecting early Alzheimer's-related changes. The findings revealed that 30.6% of the older group tested positive for amyloid, compared to just 10.0% in the younger group.

"[...] we elucidated the prevalence of amyloid positivity in patients with PD without dementia, whose mean age at diagnosis was 80.2 years, using CSF Ab42 levels."

Interestingly, both age groups of Parkinson's patients had a lower rate of amyloid positivity than cognitively normal individuals of the same age in the general population. This unexpected result suggests that PD may alter how amyloid accumulates in the brain, possibly shortening the phase in which amyloid builds up silently before symptoms appear. The authors suggest that amyloid buildup could accelerate the transition from healthy cognition to dementia in patients with PD. The study also observed age-related associations with other biological markers of Alzheimer's disease, such as tau protein levels.

As the global population continues to age and the number of older adults diagnosed with PD grows, identifying early warning signs of cognitive decline becomes increasingly important. These findings may help inform future screening approaches and support the development of therapies aimed at delaying or preventing dementia in people with Parkinson's disease.
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How the brain decides which moments you'll never forget | ScienceDaily
Some memories are easy to recall -- lush with detail, fresh as the moment itself. Others are more tenuous, like faded sketches, and the most stubborn ones can refuse to resurface at all. Why do our brains enshrine some memories so indelibly, and let others slip away?


						
A new Boston University study has a potential answer, suggesting that memories of mundane moments are given extra sticking power if they become connected to a significant event -- something surprising, rewarding, or carrying an emotional punch. Watch your Powerball numbers cash in, for example, and you're likely to remember what you were doing in the moments before, however unremarkable and unmemorable they might have otherwise been. The findings, published in Science Advances, could potentially lead to improved treatments for people with memory problems or even help students retain tricky concepts.

"Memory isn't just a passive recording device: Our brains decide what matters, and emotional events can reach back in time to stabilize fragile memories," says Robert M.G. Reinhart, a BU College of Arts & Sciences associate professor of psychological and brain sciences. "Developing strategies to strengthen useful memories, or weaken harmful ones, is a longstanding goal in cognitive neuroscience. Our study suggests that emotional salience could be harnessed in precise ways to achieve those goals."

In their paper, he and his colleagues give the example of someone hiking through Yellowstone National Park and stumbling across a herd of majestic bison. The wow of that moment, they discovered, would not just cement the one magical experience in the mind, but lots of little, more run-of-the-mill events leading up to and away from it -- a rock spotted on the path, a small animal darting into the undergrowth.

"The question is, What are the mechanisms for that?" says Reinhart, who's also a College of Engineering associate professor of biomedical engineering and a faculty member at the BU Center for Systems Neuroscience. "That's what we tried to uncover, how the brain selectively strengthens those fragile memories."

How the Brain Selects Which Memories to Preserve

While most of us know that special moments get a revered spot in our memory banks, researchers have been divided on concepts known as retroactive and proactive memory enhancement -- the prioritization of memories immediately before or after a big, or salient, event. Previous studies have disagreed on whether or not weaker memories are stabilized, or made easier to recall, by attachment to a more prominent one.




Reinhart says the latest project, which included close to 650 participants, ten individual studies, and the use of artificial intelligence to analyze a broader set of data, is the first to definitively show that memory enhancement does happen. One major difference with past studies: they found the brain uses a sliding scale to decide which memories to preserve. Many of the team's experiments involved showing participants dozens of images -- connected to different levels of rewards -- then giving them a surprise memory test the next day.

With things that occurred after an event, proactive memories, the strength of recall seemed to depend on the emotional impact of the big moment itself -- the more enduring the salient event, the more likely everything after it was to be remembered. That didn't apply when reaching back to the things that happened in the runup, the retroactive memories. They were more likely to be cemented if they had similarities -- perhaps a visual cue, like a matching color -- that connected them to the pivotal event. According to Reinhart, it's the first validation in humans of "graded prioritization, a new principle of how the brain consolidates everyday experiences."

"For the first time, we show clear evidence that the brain rescues weak memories in a graded fashion, guided by their high-level similarity to emotional events," says Chenyang (Leo) Lin (GRS'30), the paper's first author and a doctoral student in the Reinhart Lab. "It's not just timing that matters, but also conceptual overlap."

The researchers also found that if any secondary memories carried emotional weight themselves, the memory enhancement effect was diminished. "The brain seems to prioritize fragile memories that would otherwise slip away," says Reinhart, who has published a series of highly cited papers on how memory functions. Much of his research has also included brain stimulation -- using noninvasive techniques to improve working and long-term memory in older adults or to curb obsessive-compulsive behavior.

Rescuing Memories; Improving Test Scores

Although the latest study was focused on uncovering a basic mechanism guiding how memories are encoded, Reinhart says the work could lay the foundation for future clinical and other real-world studies and interventions.

"The discovery has broad implications for both theory and practice," says Reinhart. "In education, pairing emotionally engaging material with fragile concepts could improve retention. In a clinical setting, we could potentially rescue memories that are weak, way back in the recesses of our mind because of normal aging, for example. You can flip it, too, for people with trauma-related disorders -- maybe you don't want to rescue a distressing memory."

Reinhart's research is funded by the National Institutes of Health, the International Obsessive-Compulsive Disorder Foundation, the AE Research Foundation, and philanthropy.
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What happens to your body when you eat too many ultra-processed foods | ScienceDaily
Ultra-processed foods (UPFs) are industrially altered products - like soda, snacks and processed meats - packed with additives and stripped of nutrients. Hundreds of new ingredients, previously unknown to the human body, now make up nearly 60% of the average adult's diet and almost 70% of children's diets in the United States.


						
These products reduce nutritional value, extend shelf life, and tend to increase how much people consume. In the U.S., UPFs account for about 60% of daily calorie intake. High consumption of these foods has been linked to greater risks of obesity, cancer, metabolic and cardiovascular diseases, mental health issues, and even premature death.

New research from Florida Atlantic University's Charles E. Schmidt College of Medicine shows that people who consume the most UPFs have significantly higher levels of high-sensitivity C-reactive protein (hs-CRP), a sensitive marker of inflammation and a strong predictor of cardiovascular disease.

Until now, there have been limited data from nationally representative U.S. populations on the link between UPF intake and hs-CRP levels.

Results of the study, published in The American Journal of Medicine, show that participants consumed a median of 35% of their daily calories from UPFs, ranging from just 0% to 19% in the lowest group to 60% to 79% in the highest. After accounting for factors like age, gender, smoking, physical activity and other health indicators, researchers found that individuals in the highest UPF intake group (60% to 79% of daily calories) had an 11% higher likelihood of elevated hs-CRP levels compared to those in the lowest intake group. Even moderate UPF consumers (40% to 59%) showed a 14% increase in likelihood. Those with 20% to 39% intake had a smaller, nonsignificant 7% increase.

The likelihood was especially high in certain groups. Adults aged 50 to 59 had a 26% higher risk of elevated inflammatory markers compared to those aged 18 to 29. Obesity contributed to an 80% higher risk compared to people with a healthy weight. Current smokers also had a higher risk (17%) than people who never smoked. Interestingly, individuals who reported no physical activity did not have a statistically significant increase in risk compared to those who met activity guidelines.

"These findings, based on a large and nationally representative sample of U.S. adults, clearly show that people who consume the highest amounts of ultra-processed foods have significantly higher levels of high-sensitivity C-reactive protein, a key marker of inflammation," said Allison H. Ferris, M.D., FACP, senior author, professor and chair of the FAU Department of Medicine. "These results carry important implications not only for clinical practice and public health strategies but also for future research aimed at understanding and reducing the health risks associated with ultra-processed food consumption."

Researchers analyzed data from 9,254 U.S. adults in the National Health and Nutrition Examination Survey, including diet, hs-CRP and other health factors. UPF intake was measured as a percentage of total calories and grouped into four levels. They used statistical methods, including logistic regression, to examine the link between UPF consumption and inflammation.




"C-reactive protein is produced by the liver, and the hs-CRP protein test is a simple, affordable and highly sensitive measure of inflammation as well as a reliable predictor of future cardiovascular disease," said Charles H. Hennekens, M.D., FACPM, FACC, co-author, the First Sir Richard Doll Professor of Medicine and Preventive Medicine, and senior academic advisor, Schmidt College of Medicine. "We believe that health care professionals may wish to consider actively engaging with their patients about the risks of UPFs and benefits of increasing whole food consumption."

The authors also highlight a significant rise in colorectal cancer rates in the U.S., particularly among younger adults. They suggest that increased consumption of UPFs may be a contributing factor, along with its potential role in several other gastrointestinal diseases.

Drawing a parallel to the history of tobacco, the authors note that it took decades for mounting evidence and the efforts of progressive health officials to lead to policies discouraging cigarette use. They believe a similar trajectory is likely for UPFs, with growing awareness eventually driving meaningful public health action.

"The multinational companies that produce ultra-processed foods are very influential, much like tobacco companies were in the past, so policy changes to promote whole foods and reduce UPF consumption may take time," said Hennekens. "However, government efforts to reduce harmful additives, improve food labeling, and promote healthier options in programs and schools are important steps in the right direction. At the same time, health care providers should be aware of the challenges many people face in accessing affordable, healthier choices, which calls for a broader and coordinated public health response."

Study co-authors are Kevin Sajan, a medical student at Geisinger Commonwealth School of Medicine; Nishi Anthireddy, a medical student at FAU; Alexandra Matarazzo, a medical student at FAU; and Caio Furtado, M.D., a resident physician in FAU's internal medicine residency program.
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Could your smartphone detect mental health risks before you notice them? | ScienceDaily
Data passively collected from cell phone sensors can identify behaviors associated with a host of mental health disorders, from agoraphobia to generalized anxiety disorder to narcissistic personality disorder. New findings show that the same data can identify behaviors associated with a wider array of mental disorder symptoms.


						
Colin E. Vize, assistant professor in the Department of Psychology in Pitt's Kenneth P. Dietrich School of Arts and Sciences, is co-PI on this research, which broadens the scope of how clinicians might one day use this data to treat their patients.

The work was led by first author Whitney Ringwald (SOC WK '18G, A&S '21G), professor at the University of Minnesota who completed her graduate training at Pitt. Also on their team were former Pitt Professor Aiden Wright, now at the University of Michigan, and Grant King, one of Wright's graduate students.

"This is an important step in the right direction," Vize said, "but there is a lot of work to be done before we can potentially realize any of the clinical promises of using sensors on smartphones to help inform assessment and treatment."

In theory, an app that could make use of such data would give clinicians access to substantially more, and more reliable, data about their patients' lives between visits.

"We're not always the best reporters, we often forget things," Vize said of filling out self-assessments. "But with passive sensing, we might be able to collect data unobtrusively, as people are going about their daily lives, without having to ask a lot of questions."

As the first steps to realizing such a tool, researchers investigated whether they could infer if people were behaving in ways associated with certain mental health conditions. Previous research has connected passive sensor readings with behaviors that point to specific illnesses, including depression and post-traumatic stress disorder. This new work, published July 3 in the journal JAMA Network Open, expands upon that research, showing that it can be linked to symptoms that are not specific to any one mental health condition.




This is important, Vize said, because many behaviors are associated with more than one disorder, and different people with the same disorder can look, act and feel very differently.

"The disorder categories tend to not carve nature at its joints," he said. "We can think more transdiagnostically, and that gives us a little more accurate picture of some of the symptoms that people are experiencing."

For this study, Vize and a team of researchers used a statistical analysis tool called Mplus to find correlations between sensor data and mental health symptoms reported at baseline. The scientists then had to determine whether sensor data correlated with a set of broad, evidence-based symptom dimensions: internalizing, detachment, disinhibition, antagonism, thought disorder and somatoform, or unexplained physical symptoms.

In addition to the six dimensions, they also looked at what has been called the p-factor. This is not a specific behavior or symptom, rather it represents an ineffable, shared feature that runs across all kinds of mental health symptoms.

"You can think about it sort of like a Venn diagram," Vize said. If all the symptoms associated with all mental health issues were circles, the p-factor is the space where they all overlap. It is not a behavior in and of itself. "It's essentially what's shared across all dimensions."

The researchers made use of the Intensive Longitudinal Investigation of Alternative Diagnostic Dimensions study (ILIADD), which was conducted in Pittsburgh in the spring of 2023. From ILIADD, they analyzed the data of 557 people who had filled out self-assessments and shared data from their cell phones, including (but not limited to):
    	GPS data that indicated how long people stayed home and the maximum distance they traveled from home
    	Time spent walking, running and stationary
    	How long their screens were on
    	How many calls they received and made
    	Battery status
    	Sleep time

Using an app developed by researchers at the University of Oregon, the team was able to relate the sensor data to various mental health symptoms. Comparing the app's findings to questionnaires filled out by participants, Vize and team determined that the six dimensions of mental health symptoms, which reflect symptoms represented among many disorders, did correlate to the sensor data.




Interestingly, they also found sensor data correlated to the p-factor, a general marker of mental health problems. The implications of these findings are several-fold -- ultimately, it may one day be possible to use this kind of technology to better understand symptoms in a patient whose presentation doesn't fit the category of any single disorder.

But for now, these data do not say anything about individuals' mental health; they deal in averages. Mental health is complex. Behavior varies wildly. "These sensor analyses may more accurately describe some people than others."

That's one of the reasons Vize doesn't see this kind of technology ever replacing a human clinician. "A lot of work in this area is focused on getting to the point where we can talk about, 'How does this potentially enhance or supplement existing clinical care?'

"Because I definitely don't think it can replace treatment. It would be more of an additional tool in the clinician's toolbox."
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Scientists uncover how to block pain without side effects | ScienceDaily
Scientists at the NYU Pain Research Center have identified which receptor in prostaglandins -- the hormone-like substance targeted by common painkillers -- causes pain but not inflammation. The findings, published in the journal Nature Communications, may help researchers to develop more selective drugs to treat pain with fewer side effects.


						
"Inflammation and pain are usually thought to go hand in hand. But being able to block pain and allow inflammation -- which promotes healing -- to proceed is an important step in improved treatment of pain," said study author Nigel Bunnett, professor and chair of the Department of Molecular Pathobiology at NYU College of Dentistry and a faculty member in the NYU Pain Research Center.

Non-steroidal anti-inflammatory drugs, or NSAIDs, are among the most commonly taken medicines in the world, with an estimated 30 billion doses each year in the US alone. The drugs are available both over the counter (e.g., ibuprofen or aspirin) and as prescription medications. Unfortunately, long-term use of most NSAIDs carries serious risks, including damage to the lining of the stomach, increased bleeding, and issues with the heart, kidneys, and liver.

NSAIDs work by blocking enzymes that produce prostaglandins, reducing the level of prostaglandins, inflammation, and pain. Scientists commonly believe that getting rid of inflammation is what treats the pain. However, inflammation -- the immune system's response to injury or infection -- can be protective.

"Inflammation can be good for you -- it repairs and restores normal function," said study author Pierangelo Geppetti, an adjunct professor at the NYU Pain Research Center, professor emeritus at the University of Florence, and former director of the Headache Center of Careggi University Hospital. "Inhibiting inflammation with NSAIDs may delay healing and could delay recovery from pain. A better strategy to treat prostaglandin-mediated pain would be to selectively reduce the pain without affecting inflammation's protective actions."

In their study, the researchers focused on prostaglandin E2 (PGE2), which is considered a main mediator of inflammatory pain, in Schwann cells. Schwann cells are found outside the brain in the peripheral nervous system and play an important role in migraine and other forms of pain.

PGE2 has four different receptors. Geppetti's prior studies point to the EP4 receptor for PGE2 as the main receptor involved in producing inflammatory pain. However, in the Nature Communications study, the researchers used a more targeted approach and found that a different receptor -- EP2 -- was largely responsible for pain. Delivering drugs locally to silence only the EP2 receptor in Schwann cells removed pain responses in mice without affecting inflammation.




"To our great surprise, blocking the EP2 receptor in Schwann cells abolished prostaglandin-mediated pain but the inflammation took its normal course. We effectively decoupled the inflammation from the pain," said Geppetti.

In additional studies in human and mouse Schwann cells, activating the EP2 receptor evoked a signal that sustained pain responses through a pathway independent from inflammatory responses, confirming the role of EP2 in pain but not inflammation.

"Antagonism of this 'druggable' receptor would thus control pain without the adverse effects of NSAIDs," noted Bunnett.

The researchers are continuing pre-clinical studies to explore how drugs that target the EP2 receptor could be used to treat pain in conditions like arthritis that would usually be treated with NSAIDs.

"Selective EP2 receptor antagonists could be very useful. While more research is needed on side effects, especially with giving a drug systemically as a pill, targeted administration that acts locally on an area like a knee joint holds promise," said Geppetti.

In addition to Bunnett and Geppetti, NYU study authors include Raquel Tonello, Chloe Peach, Dane Jensen, and Brian Schmidt, collaborating with Romina Nassini, Francesco De Logu, Lorenzo Landini, and Matilde Marini from the University of Florence; Jin Zhang of the University of California, San Diego; and Giulia Brancolini of FloNext, a company co-founded by Geppetti.

The research is supported by grants from the National Institutes of Health (NS102722, DE026806, DK118971, DE029951, R01 DK073368, R35 CA197622), the US Department of Defense (W81XWH1810431, W81XWH2210239), the European Research Council, and the European Union -- Next Generation EU, National Recovery and Resilience Plan. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health nor the European Research Council.
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Cambridge scientists created a gel that could end arthritis pain | ScienceDaily
Researchers have developed a material that can sense tiny changes within the body, such as during an arthritis flare-up, and release drugs exactly where and when they are needed.


						
The squishy material can be loaded with anti-inflammatory drugs that are released in response to small changes in pH in the body. During an arthritis flare-up, a joint becomes inflamed and slightly more acidic than the surrounding tissue.

The material, developed by researchers at the University of Cambridge, has been designed to respond to this natural change in pH. As acidity increases, the material becomes softer and more jelly-like, triggering the release of drug molecules that can be encapsulated within its structure.

Since the material is designed to respond only within a narrow pH range, the team say that drugs could be released precisely where and when they are needed, potentially reducing side effects.

If used as an artificial cartilage in arthritic joints, this approach could allow for the continuous treatment of arthritis, improving the efficacy of drugs to relieve pain and fight inflammation. Arthritis affects more than 10 million people in the UK, costing the NHS an estimated PS10.2 billion annually. Worldwide it is estimated to affect over 600 million people.

While extensive clinical trials are needed before the material can be used in patients, the researchers say their approach could improve outcomes for people with arthritis, and for those with other conditions including cancer. Their results are reported in the Journal of the American Chemical Society.

The material developed by the Cambridge team uses specially engineered and reversible crosslinks within a polymer network. The sensitivity of these links to changes in acidity levels gives the material highly responsive mechanical properties.




The material was developed in Professor Oren Scherman's research group in Cambridge's Yusuf Hamied Department of Chemistry. The group specializes in designing and building these unique materials for a range of potential applications.

"For a while now, we've been interested in using these materials in joints, since their properties can mimic those of cartilage," said Scherman, who is Professor of Supramolecular and Polymer Chemistry and Director of the Melville Laboratory for Polymer Synthesis. "But to combine that with highly targeted drug delivery is a really exciting prospect."

"These materials can 'sense' when something is wrong in the body and respond by delivering treatment right where it's needed," said first author Dr Stephen O'Neill. "This could reduce the need for repeated doses of drugs, while improving patient quality of life."

Unlike many drug delivery systems that require external triggers such as heat or light, this one is powered by the body's own chemistry. The researchers say this could pave the way for longer-lasting, targeted arthritis treatments that automatically respond to flare-ups, boosting effectiveness while reducing harmful side effects.

In laboratory tests, researchers loaded the material with a fluorescent dye to mimic how a real drug might behave. They found that at acidity levels typical of an arthritic joint, the material released substantially more drug cargo compared with normal, healthy pH levels.

"By tuning the chemistry of these gels, we can make them highly sensitive to the subtle shifts in acidity that occur in inflamed tissue," said co-author Dr Jade McCune. "That means drugs are released when and where they are needed most."

The researchers say the approach could be tailored to a range of medical conditions, by fine-tuning the chemistry of the material. "It's a highly flexible approach, so we could in theory incorporate both fast-acting and slow-acting drugs, and have a single treatment that lasts for days, weeks or even months," said O'Neill.

The team's next steps will involve testing the materials in living systems to evaluate their performance and safety in a physiological environment. The team say that if successful, their approach could open the door to a new generation of responsive biomaterials capable of treating chronic diseases with greater precision.

The research was supported by the European Research Council and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Oren Scherman is a Fellow of Jesus College, Cambridge.
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      Top stories featured on ScienceDaily's Space & Time, Matter & Energy, and Computers & Math sections.


      
        A century-old piano mystery has just been solved
        Scientists confirmed that pianists can alter timbre through touch, using advanced sensors to capture micro-movements that shape sound perception. The discovery bridges art and science, promising applications in music education, neuroscience, and beyond.

      

      
        This ultra-thin solar tech could power everything from phones to skyscrapers
        A team in Sweden has unraveled the hidden structure of a promising solar material using machine learning and advanced simulations. Their findings could unlock durable, ultra-efficient solar cells for a rapidly electrifying world.

      

      
        Saturn's icy moon Enceladus just revealed stunning new clues to life
        Fresh analysis of Cassini data has revealed new complex organic molecules inside ice grains spewing from Enceladus. These discoveries strengthen the case that the moon's underground ocean hosts chemistry similar to life's building blocks on Earth. Scientists now believe Enceladus could be habitable, and plans are underway for a European mission to sample its surface and jets.

      

      
        DOLPHIN AI uncovers hundreds of invisible cancer markers
        A new AI tool called DOLPHIN exposes hidden genetic markers inside single cells, enabling earlier detection and more precise treatment choices. It also sets the stage for building virtual models of cells to simulate disease and drug responses.

      

      
        Princeton's AI reveals what fusion sensors can't see
        A powerful new AI tool called Diag2Diag is revolutionizing fusion research by filling in missing plasma data with synthetic yet highly detailed information. Developed by Princeton scientists and international collaborators, this system uses sensor input to predict readings other diagnostics can't capture, especially in the crucial plasma edge region where stability determines performance. By reducing reliance on bulky hardware, it promises to make future fusion reactors more compact, affordable, ...

      

      
        Scientists just solved Uranus' coldest mystery
        For decades, Uranus baffled scientists because it seemed to have no internal heat. Now, new computer modeling shows the planet actually emits more energy than it receives from the Sun. This subtle warmth suggests Uranus' story is more complex than previously thought, offering fresh clues about its violent past and about exoplanets similar in size.

      

      
        Webb spots first hints of atmosphere on a potentially habitable world
        Astronomers using the James Webb Space Telescope are unraveling the mysteries of TRAPPIST-1e, an Earth-sized exoplanet 40 light years away that could harbor liquid water. Early data suggests hints of an atmosphere, but much remains uncertain. Researchers have already ruled out a hydrogen-rich primordial atmosphere, pointing instead to the possibility of a secondary atmosphere that could sustain oceans or ice.

      

      
        Scientists may be closing in on dark matter's true identity
        The LUX-ZEPLIN detector is breaking new ground in the hunt for dark matter, setting unprecedented limits on WIMP particles. Its results not only narrow the possibilities for dark matter but also open exciting paths toward other rare physics discoveries.

      

      
        Scientists just found the strongest signs of life on Mars yet
        Perseverance rover data shows Jezero Crater once held a calm lake, leaving behind mudstones rich in organic-linked minerals. The presence of iron-phosphate and iron-sulfide nodules suggests processes resembling microbial activity on Earth. Scientists caution that only Earth-based labs can confirm their true origin, but the samples collected may hold the strongest evidence yet of ancient Martian life.

      

      
        New rocket fuel compound packs 150% more energy
        A new boron-rich compound, manganese diboride, delivers much higher energy density than current solid-rocket materials while remaining stable until intentionally ignited. Its power comes from an unusual, strained atomic structure formed during ultra-hot synthesis, with promising uses beyond propulsion.

      

      
        The hidden forces inside diamonds that could make tech 1,000x faster
        A team of physicists has discovered that virtual charges, which exist only during brief interactions with light, play a critical role in ultrafast material responses. Using attosecond pulses on diamonds, they showed these hidden carriers significantly influence optical behavior. The findings could accelerate the development of petahertz-speed devices, unlocking a new era of ultrafast electronics.

      

      
        Astronomers stunned as fiery auroras blaze on a planet without a star
        The James Webb Telescope has revealed fierce auroras, storms, and unchanging sand-like clouds on the rogue planet SIMP-0136. These insights are pushing the boundaries of our understanding of alien atmospheres and exoplanet weather.

      

      
        Hubble finds a hybrid galaxy with a mysterious and violent past
        Hubble has captured a striking new image of NGC 2775, a galaxy that defies easy classification. Blending features of spirals, ellipticals, and lenticulars, its puzzling structure may be the result of past galactic mergers.

      

      
        Earth was born dry until a cosmic collision made it a blue planet
        Scientists have shown that Earth's basic chemistry solidified within just three million years of the Solar System's formation. Initially, the planet was barren and inhospitable, missing water and carbon compounds. A colossal collision with Theia likely changed everything, bringing the essential ingredients for life. The study highlights that habitability may hinge on rare chance events.

      

      
        Black hole discovery confirms Einstein and Hawking were right
        A fresh black hole merger detection has offered the clearest evidence yet for Einstein's relativity and Hawking's predictions. Scientists tracked the complete cosmic collision, confirming that black holes are defined by mass and spin. They also gained stronger proof that a black hole's event horizon only grows, echoing thermodynamic laws. The results hint at deeper connections between gravity, entropy, and quantum theory.

      

      
        Heisenberg said it was impossible. Scientists just proved otherwise
        Researchers have reimagined Heisenberg's uncertainty principle, engineering a trade-off that allows precise measurement of both position and momentum. Using quantum computing tools like grid states and trapped ions, they demonstrated sensing precision beyond classical limits. Such advances could revolutionize navigation, medicine, and physics, while underscoring the global collaboration driving quantum research.

      

      
        The accidental discovery that forged the Iron Age
        Ancient copper smelters may have accidentally set the stage for the Iron Age. At a 3,000-year-old workshop in Georgia, researchers discovered that metalworkers were using iron oxide not to smelt iron but to improve copper yields. This experimentation shows how curiosity with materials could have sparked one of history's greatest technological leaps, turning iron from a rare celestial metal into the backbone of empires and industry.

      

      
        Why "dry" oil wells aren't really empty
        Oil wells often dry up far earlier than predicted, leaving companies baffled about the "missing" reserves. A Penn State team tackled this puzzle by harnessing PSC's Bridges-2 supercomputer, adding a time dimension and amplitude analysis to traditional seismic data. Their findings revealed hidden rock structures blocking oil flow, meaning reserves weren't gone--they were trapped.

      

      
        Quantum chips just proved they're ready for the real world
        Diraq has shown that its silicon-based quantum chips can maintain world-class accuracy even when mass-produced in semiconductor foundries. Achieving over 99% fidelity in two-qubit operations, the breakthrough clears a major hurdle toward utility-scale quantum computing. Silicon's compatibility with existing chipmaking processes means building powerful quantum processors could become both cost-effective and scalable.

      

      
        Mysterious "quantum echo" in superconductors could unlock new tech
        Researchers have discovered an unusual "quantum echo" in superconducting materials, dubbed the Higgs echo. This phenomenon arises from the interplay between Higgs modes and quasiparticles, producing distinctive signals unlike conventional echoes. By using precisely timed terahertz radiation pulses, the team revealed hidden quantum pathways that could be used to encode and retrieve information.

      

      
        Could your smartphone detect mental health risks before you notice them?
        Researchers are showing how phone sensors can track patterns tied to a wide range of mental health symptoms. Instead of relying only on self-reports, clinicians may soon be able to gather continuous, real-world data about patients. The study also found correlations with the broad "p-factor," a shared dimension across mental health issues.

      

      
        This new camera sees the invisible in 3D without lenses
        Scientists have developed a lens-free mid-infrared camera using a modern twist on pinhole imaging. The system uses nonlinear crystals to convert infrared light into visible, allowing standard sensors to capture sharp, wide-range images without distortion. It can also create precise 3D reconstructions even in extremely low light. Though still experimental, the technology promises affordable, portable infrared imaging for safety, industrial, and environmental uses.

      

      
        Biochar's secret power could change clean water forever
        Scientists found that biochar doesn't just capture pollutants, it actively destroys them using direct electron transfer. This newly recognized ability accounts for up to 40% of its cleaning power and remains effective through repeated use. The discovery opens the door to cheaper, greener, and more efficient water treatment methods worldwide.

      

      
        Toxic waste could become the next clean energy breakthrough
        Bio-tar, once seen as a toxic waste, can be transformed into bio-carbon with applications in clean energy and environmental protection. This innovation could reduce emissions, create profits, and solve a major bioenergy industry problem.

      

      
        Hidden galaxy bursting with baby stars, X-ray fireworks, and cosmic energy
        Although this spiral galaxy appears unremarkable from afar, NGC 7456 is bursting with newborn stars and glowing gas, providing researchers with insight into galactic evolution.

      

      
        The quantum internet just went live on Verizon's network
        Penn engineers have taken quantum networking from the lab to Verizon's live fiber network, using a silicon "Q-chip" that speaks the same Internet Protocol as the modern web. The system pairs classical and quantum signals like a train engine with sealed cargo, ensuring routing without destroying quantum states. By maintaining fidelity above 97% even under real-world noise, the approach shows that a scalable quantum internet is possible using today's infrastructure.

      

      
        Scientists unveil breakthrough pixel that could put holograms on your smartphone
        A team at the University of St Andrews has unlocked a major step toward true holographic displays by combining OLEDs with holographic metasurfaces. Unlike traditional laser-based holograms, this compact and affordable method could transform smart devices, entertainment, and even virtual reality. The breakthrough allows entire images to be generated from a single OLED pixel, removing long-standing barriers and pointing to a future of lightweight, miniaturized holographic technology.

      

      
        The surprising new particle that could finally explain dark matter
        Physicists are eyeing charged gravitinos--ultra-heavy, stable particles from supergravity theory--as possible Dark Matter candidates. Unlike axions or WIMPs, these particles carry electric charge but remain undetectable due to their scarcity. With detectors like JUNO and DUNE, researchers now have a chance to spot their unique signal, a breakthrough that could link particle physics with gravity.
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A century-old piano mystery has just been solved | ScienceDaily
A research group led by Dr. Shinichi Furuya of the NeuroPiano Institute and Sony Computer Science Laboratories, Inc. announced research findings that for the first time scientifically clarified how pianists' manipulations of keys alters piano timbre.


						
Creativity in painting, music, and other arts is underpinned by the ability to create diverse perceptual experiences for audiences. However, whether timbre could actually be changed mid-instrumental performance, and what physical motor skills would be required to do so, remained unclear.

The research group developed a unique sensor system that can measure piano key movements at a temporal resolution of 1,000 fps, and measured key movements when professional pianists expressed various timbres on the piano. The results revealed that listeners could distinguish the pianists' intended timbres, regardless of whether or not they had any piano performance training experience. The group further successfully identified the key movement features that produce these timbre differences.

This discovery addresses the over century-old question, "Can pianists alter timbre through touch?" by demonstrating that timbre manipulation through touch cultivated by pianists is not a mere sensory metaphor but a scientifically backed skill. These findings open the possibility of visualizing and teaching specific movement features that produce timbre, which would lead to more efficient practice and prevention of mislearning. They also reveal that high-level body motor control shapes artistic perception, suggesting potential applications across various disciplines, including rehabilitation, skill transfer, and human interface design.

These research findings were published in the international scientific journal Proceedings of the National Academy of Sciences (PNAS) on September 22, 2025.

These results were obtained through the following program, research area, and research theme:

JST Strategic Basic Research Program (CREST) Research Area: Core Technologies for Trusted Quality AI Systems (Research Supervisor: Akiko Aizawa, Professor, Digital Content and Media Sciences Research Division, National Institute of Informatic, Research Organization of Information and Systems) Research Theme: Building a Trusted Explorable Recommendation Foundation Technology Research Director: Masataka Goto (Prime Senior Researcher, AIST) Research Period: October 2020 -- March 2026

Moonshot Research & Development Program (MOONSHOT) Research Area: Realization of a society in which human beings can be free from limitations of body, brain, space, and time by 2050 (Research Supervisor: Norihiro Hagita, Chair and Professor, Art Science Department, Osaka University of Arts) Research Theme: Liberation from Biological Limitations via Physical, Cognitive and Perceptual Augmentation Research Director: Ryota Kanai (Director, Corporate Planning & Innovation Co-Creation Unit, Advanced Telecommunications Research Institute International (ATR)) Research Period: October 2020 -- March 2026




Background and History of the Research

Musicians and other performing artists, surgeons, traditional craftsmen and others considered experts in various fields acquire their skills through years of extensive training. In particular, in the performing arts, it has long been thought that the mastering of physical motor skills that produce diverse perceptions is essential for embodying creativity. For instance, while pitch and volume in instrumental performance clearly depend on manipulation of the instrument, there had been no scientific evidence for cases where "an instrument that should produce a certain sound produces a different timbre" -- a phenomenon that was widely believed possible among performers and educators. This question was discussed regarding the piano in Nature magazine in the early 20th century, but systematic perceptual experiments and data analysis had not been carried out to date, leaving the question unanswered. Thus, the means for acquiring skills that produce diverse expressions remained unknown, and problems during this process -- such as misrecognition of personal limitations and risk of injury or disability arising during skill-acquisition training -- persisted. An evidence-based understanding of the mechanisms of technical skill is essential for humans and systems to be able to recommend appropriate training methods, and for the resulting recommendations to be trusted by learners and teachers.

Background and History of the Research

A research team from the NeuroPiano Institute and Sony Computer Science Laboratories (Sony CSL) revealed that the timbral qualities pianists intended to express were conveyed to listeners, and that the high-precision control of fingertip movement was involved.

The research group used Hackkey, their proprietary high-precision non-contact sensor system, to measure the movements of all 88 keys at 1,000 fps (1 ms temporal precision) and 0.01 mm spatial resolution. This apparatus analyzed keyboard movements when 20 internationally renowned pianists performed with the intent to produce diverse timbral qualities, including bright/dark and light/heavy.

Additionally, the team carried out a psychophysical experiment, with 40 participants -- including pianists and individuals with no musical experience -- who listened to the recorded performances. The results revealed that the pianists' intended timbres were consistently perceived by the listeners, regardless of their musical experience. The listeners who were pianists, in particular, were able to distinguish timbral differences with greater sensitivity. This timbral discernment was found to be possible even when controlling for volume and tempo, factors previously thought to influence timbral perception.




Data analysis using a linear mixed-effects (LME) model revealed that contributions to timbral differences are concentrated in a limited set of movement features (e.g., acceleration during escapement, deviation in hand synchronization). It was further experimentally confirmed that notes played by varying only one of these features were perceived by listeners as having a different timbre, providing the first empirical evidence of a causal relationship between key movement and timbre.

These findings have the following significance for musicians and educators:
    	    Building a technical foundation to support artistic creativity:This research quantifies the "tacit knowledge" of how pianists produce timbre, paving the way for understanding an artist's expressive intent and developing new educational methods and technologies that will maximize it. Furthermore, proving that the manipulation of timbre through touch cultivated by artists is a scientifically grounded skill rather than a mere sensory metaphor makes it possible to efficiently learn and acquire the skills to create timbral expressions -- which had been difficult to verbalize in instruction to date -- by applying it to recommendation systems that present the appropriate movement features to learners.
    
    	    Illuminating the biological mechanisms that produce higher-order perception: The phenomenon in which the same sound can be perceived differently indicates advanced integration of human sensory and motor systems. This research clarifies how dexterous motor control produces higher-order perception and aesthetic experiences, opening new avenues for interdisciplinary research in neuroscience, psychology, and arts studies, and holds additional promise for applications across multiple fields, including skill transfer, rehabilitation, and human interface design.
    

Future Developments

This research has clarified the relationship between key movement features and piano timbre, suggesting the possibility for explicitly acquiring a repertoire of movements that can produce a diverse palette of perceptions. This is essential for recommending evidence-based body use and practice methods in physical education for the performing arts, and for empowering both teachers and learners to pursue learning with confidence. While perception research has until now focused mainly on lower-level perceptual information such as pitch, loudness, and rhythm, the advance of future research into timbre and other higher-level perceptual information is expected to lead to clarification of the underlying brain information processing mechanisms, as well as the development of training methods that skillfully utilize advanced technologies. Moreover, the thrill of using one's body to improve and achieve something that was once impossible is something that is shared across disciplines beyond music performance, including sports, cooking, painting, and even surgery. This research holds promise for generating ripple effects across multiple disciplines.

The involvement of science and technology in music learning has lagged behind significantly, compared to that in fields such as sports and medicine. As a result, many artists all over the world have long been beset with the problem of embodying artistic expression and creativity while being constrained by physical and mental limitations. The knowledge regarding the foundational skills for producing diverse expressions provided by this research will contribute to the creation of a future society where artists are liberated from physical and mental constraints and can fully embody their creativity. This will be achieved through the establishment of a new evidence-based form of music education grounded in dynaformics, the science of music performance.
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This ultra-thin solar tech could power everything from phones to skyscrapers | ScienceDaily
Global electricity use is increasing rapidly and must be addressed sustainably. Developing new materials could give us much more efficient solar cell materials than at present; materials so thin and flexible that they could encase anything from mobile phones or entire buildings. Using computer simulation and machine learning, researchers at Chalmers University of Technology in Sweden have now taken an important step towards understanding and handling halide perovskites, among the most promising but notoriously enigmatic materials.


						
Electricity use is constantly increasing globally and, according to the International Energy Agency, its proportion of the world's total energy consumption is expected to exceed 50 percent in 25 years, compared to the current 20 percent.

"To meet the demand, there is a significant and growing need for new, environmentally friendly and efficient energy conversion methods, such as more efficient solar cells. Our findings are essential to engineer and control one of the most promising solar cell materials for optimal utilization. It's very exciting that we now have simulation methods that can answer questions that were unresolved just a few years ago," says Julia Wiktor, the study's principal investigator and an associate professor at Chalmers.

Promising materials for efficient solar cells

Materials lying within a group called halide perovskites are considered the most promising for producing cost-effective, flexible and lightweight solar cells and optoelectronic devices such as LED bulbs, as they absorb and emit light extremely efficiently. However, perovskite materials can degrade quickly and knowing how best to utilize them requires a deeper understanding of why this happens and how the materials work.

Scientists have long struggled to understand one particular material within the group, a crystalline compound called formamidinium lead iodide. It has outstanding optoelectronic properties. Greater use of the material has been hampered by its instability but this can be solved by mixing two types of halide perovskites. However, more knowledge is needed about the two types so that researchers can best control the mixture.

The key to material design and control

A research group at Chalmers can now provide a detailed account of an important phase of the material that has previously been difficult to explain by experiments alone. Understanding this phase is key to being able to design and control both this material and mixtures based on it. The study was recently published in Journal of the American Chemical Society.




"The low-temperature phase of this material has long been a missing piece of the research puzzle and we've now settled a fundamental question about the structure of this phase," says Chalmers researcher Sangita Dutta.

Machine learning contributed to the breakthrough

The researchers' expertise lies in building accurate models of different materials in computer simulations. This allows them to test the materials by exposing them to different scenarios and these are confirmed experimentally.

Nevertheless, modelling materials in the halide perovskite family is tricky, as capturing and decoding their properties requires powerful supercomputers and long simulation times.

"By combining our standard methods with machine learning, we're now able to run simulations that are thousands of times longer than before. And our models can now contain millions of atoms instead of hundreds, which brings them closer to the real world," says Dutta.

Lab observations match the simulations

The researchers identified the structure of formamidinium lead iodide at low temperatures. They could also see that the formamidinium molecules get stuck in a semi-stable state while the material cools. To ensure that their study models reflect reality, they collaborated with experimental researchers at the University of Birmingham. They cooled the material to -- 200degC to ensure their experiments matched the simulations.




"We hope the insights we've gained from the simulations can contribute to how to model and analyse complex halide perovskite materials in the future," says Erik Fransson, at the Department of Physics at Chalmers.

More about the research:

The article "Revealing the Low Temperature Phase of FAPbI3 using A Machine-Learned Potential" was published in Journal of the American Chemical Society on 14th August 2025 and was written by Sangita Dutta, Erik Fransson, Tobias Hainer, Benjamin M. Gallant, Dominik J. Kubicki, Paul Erhart and Julia Wiktor. The researchers are all members of the Department of Physics at Chalmers University of Technology, except for Gallant and Kubicki, who are from the School of Chemistry, University of Birmingham.

The research was supported by the Swedish Foundation for Strategic Research, the Swedish Energy Agency, the Swedish Research Council, the European Research Council, the Knut and Alice Wallenberg Foundation and the Nano Area of Advance at Chalmers University of Technology. The calculations were facilitated by resources from the National Academic Infrastructure for Supercomputing in Sweden (NAISS) at C3SE.
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Saturn's icy moon Enceladus just revealed stunning new clues to life | ScienceDaily
Scientists digging through data collected by the Cassini spacecraft have found new complex organic molecules spewing from Saturn's moon Enceladus. This is a clear sign that complex chemical reactions are taking place within its underground ocean. Some of these reactions could be part of chains that lead to even more complex, potentially biologically relevant molecules.


						
Published on October 1 in Nature Astronomy, this discovery further strengthens the case for a dedicated European Space Agency (ESA) mission to orbit and land on Enceladus.

In 2005, Cassini found the first evidence that Enceladus has a hidden ocean beneath its icy surface. Jets of water burst from cracks close to the moon's south pole, shooting ice grains into space. Smaller than grains of sand, some of the tiny pieces of ice fall back onto the moon's surface, whilst others escape and form a ring around Saturn that traces Enceladus's orbit.

Lead author Nozair Khawaja explains what we already knew: "Cassini was detecting samples from Enceladus all the time as it flew through Saturn's E ring. We had already found many organic molecules in these ice grains, including precursors for amino acids.

The ice grains in the ring can be hundreds of years old. As they have aged, they may have been 'weathered' and therefore altered by intense space radiation. Scientists wanted to investigate fresh grains ejected much more recently to get a better idea of what exactly is going on in Enceladus's ocean.

Fortunately, we already had the data. Back in 2008, Cassini flew straight through the icy spray. Pristine grains ejected only minutes before hit the spacecraft's Cosmic Dust Analyzer (CDA) instrument at about 18 km/s. These were not only the freshest ice grains Cassini had ever detected, but also the fastest.

The speed mattered. Nozair explains why:

"The ice grains contain not just frozen water, but also other molecules, including organics. At lower impact speeds, the ice shatters, and the signal from clusters of water molecules can hide the signal from certain organic molecules. But when the ice grains hit CDA fast, water molecules don't cluster, and we have a chance to see these previously hidden signals."




It took years to build up knowledge from previous flybys and then apply it to decipher this data. But now, Nozair's team has revealed what kind of molecules were present inside the fresh ice grains.

They saw that certain organic molecules that had already been found distributed in the E ring were also present in the fresh ice grains. This confirms that they are created within Enceladus's ocean.

They also found totally new molecules that had never been seen before in ice grains from Enceladus. For the chemists reading, the newly detected molecular fragments included aliphatic, (hetero)cyclic ester/alkenes, ethers/ethyl and, tentatively, nitrogen- and oxygen-bearing compounds.

On Earth, these same molecules are involved in the chains of chemical reactions that ultimately lead to the more complex molecules that are essential for life.

"There are many possible pathways from the organic molecules we found in the Cassini data to potentially biologically relevant compounds, which enhances the likelihood that the moon is habitable," says Nozair.

"There is much more in the data that we are currently exploring, so we are looking forward to finding out more in the near future."

Co-author Frank Postberg adds: "These molecules we found in the freshly ejected material prove that the complex organic molecules Cassini detected in Saturn's E ring are not just a product of long exposure to space, but are readily available in Enceladus's ocean."




Nicolas Altobelli, ESA Cassini project scientist adds: "It's fantastic to see new discoveries emerging from Cassini data almost two decades after it was collected. It really showcases the long-term impact of our space missions. I look forward to comparing data from Cassini with data from ESA's other missions to visit the icy moons of Saturn and Jupiter."

Returning to Enceladus

Discoveries from Cassini are valuable for planning a future ESA mission dedicated to Enceladus. Studies for this ambitious mission have already begun. The plan is to fly through the jets and even land on the moon's south polar terrain to collect samples.

A team of scientists and engineers is already considering the selection of modern scientific instruments that the spacecraft would carry. This latest result made using CDA will help guide that decision.

Enceladus ticks all the boxes to be a habitable environment that could support life: the presence of liquid water, a source of energy, a specific set of chemical elements and complex organic molecules. A mission that takes measurements directly from the moon's surface, seeking out signs of life, would offer Europe a front seat in Solar System science.

"Even not finding life on Enceladus would be a huge discovery, because it raises serious questions about why life is not present in such an environment when the right conditions are there," says Nozair.
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DOLPHIN AI uncovers hundreds of invisible cancer markers | ScienceDaily
McGill University researchers have developed an artificial intelligence tool that can detect previously invisible disease markers inside single cells.


						
In a study published in Nature Communications, the researchers demonstrate how the tool, called DOLPHIN, could one day be used by doctors to catch diseases earlier and guide treatment options.

"This tool has the potential to help doctors match patients with the therapies most likely to work for them, reducing trial-and-error in treatment," said senior author Jun Ding, assistant professor in McGill's Department of Medicine and a junior scientist at the Research Institute of the McGill University Health Centre.

Zooming in on genetic building blocks

Disease markers are often subtle changes in RNA expression that can indicate when a disease is present, how severe it may become or how it might respond to treatment.

Conventional gene-level methods of analysis collapse these markers into a single count per gene, masking critical variation and capturing only the tip of the iceberg, said the researchers.

Now, advances in artificial intelligence have made it possible to capture the fine-grained complexity of single-cell data. DOLPHIN moves beyond gene-level, zooming in to see how genes are spliced together from smaller pieces called exons to provide a clearer view of cell states.




"Genes are not just one block, they're like Lego sets made of many smaller pieces," said first author Kailu Song, a PhD student in McGill's Quantitative Life Sciences program. "By looking at how those pieces are connected, our tool reveals important disease markers that have long been overlooked."

In one test case, DOLPHIN analyzed single-cell data from pancreatic cancer patients and found more than 800 disease markers missed by conventional tools. It was able to distinguish patients with high-risk, aggressive cancers from those with less severe cases, information that would help doctors choose the right treatment path.

A step toward 'virtual cells'

More broadly, the breakthrough lays the foundation for achieving the long-term goal of building digital models of human cells. DOLPHIN generates richer single-cell profiles than conventional methods, enabling virtual simulations of how cells behave and respond to drugs before moving to lab or clinical trials, saving time and money.

The researchers' next step will be to expand the tool's reach from a few datasets to millions of cells, paving the way for more accurate virtual cell models in the future.

About the study

"DOLPHIN advances single-cell transcriptomics beyond gene level by leveraging exon and junction reads" by Kailu Song and Jun Ding et al., was published inNature Communications.

This research was supported the Meakins-Christie Chair in Respiratory Research, the Canadian Institutes of Health Research, the Natural Sciences and Engineering Research Council of Canada and the Fonds de recherche du Quebec.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/10/251001092206.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Princeton's AI reveals what fusion sensors can't see | ScienceDaily
Imagine watching a favorite movie when suddenly the sound stops. The data representing the audio is missing. All that's left are images. What if artificial intelligence (AI) could analyze each frame of the video and provide the audio automatically based on the pictures, reading lips and noting each time a foot hits the ground?


						
That's the general concept behind a new AI that fills in missing data about plasma, the fuel of fusion, according to Azarakhsh Jalalvand of Princeton University. Jalalvand is the lead author on a paper about the AI, known as Diag2Diag, that was recently published in Nature Communications. "We have found a way to take the data from a bunch of sensors in a system and generate a synthetic version of the data for a different kind of sensor in that system," he said. The synthetic data aligns with real-world data and is more detailed than what an actual sensor could provide. This could increase the robustness of control while reducing the complexity and cost of future fusion systems. "Diag2Diag could also have applications in other systems such as spacecraft and robotic surgery by enhancing detail and recovering data from failing or degraded sensors, ensuring reliability in critical environments."

The research is the result of an international collaboration between scientists at Princeton University, the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL), Chung-Ang University, Columbia University and Seoul National University. All of the sensor data used in the research to develop the AI was gathered from experiments at the DIII-D National Fusion Facility, a DOE user facility.

The new AI enhances the way scientists can monitor and control the plasma inside a fusion system and could help keep future commercial fusion systems a reliable source of electricity. "Fusion devices today are all experimental laboratory machines, so if something happens to a sensor, the worst thing that can happen is that we lose time before we can restart the experiment. But if we are thinking about fusion as a source of energy, it needs to work 24/7, without interruption," Jalalvand said.

AI could lead to compact, economical fusion systems

The name Diag2Diag originates from the word "diagnostic," which refers to the technique used to analyze a plasma and includes sensors that measure the plasma. Diagnostics take measurements at regular intervals, often as fast as a fraction of a second apart. But some don't measure the plasma often enough to detect particularly fast-evolving plasma instabilities: sudden changes in the plasma that can make it hard to produce power reliably.

There are many diagnostics in a fusion system that measure different characteristics of the plasma. Thomson scattering, for example, is a diagnostic technique used in doughnut-shaped fusion systems called tokamaks. The Thomson scattering diagnostic measures the temperature of negatively charged particles known as electrons, as well as the density: the number of electrons packed into a unit of space. It takes measurements quickly but not fast enough to provide details that plasma physicists need to keep the plasma stable and at peak performance.




"Diag2Diag is kind of giving your diagnostics a boost without spending hardware money," said Egemen Kolemen, principal investigator of the research who is jointly appointed at PPPL and Princeton University's Andlinger Center for Energy and the Environment and the Department of Mechanical and Aerospace Engineering.

This is particularly important for Thomson scattering because the other diagnostics can't take measurements at the edge of the plasma, which is also known as the pedestal. It is the most important part of the plasma to monitor, but it's very hard to measure. Carefully monitoring the pedestal helps scientists enhance plasma performance so they can learn the best ways to get the most energy out of the fusion reaction efficiently.

For fusion energy to be a major part of the U.S. power system, it must be both economical and reliable. PPPL Staff Research Scientist SangKyeun Kim, who was part of the Diag2Diag research team, said the AI moves the U.S. toward those goals. "Today's experimental tokamaks have a lot of diagnostics, but future commercial systems will likely need to have far fewer," Kim said. "This will help make fusion reactors more compact by minimizing components not directly involved in producing energy." Fewer diagnostics also frees up valuable space inside the machine, and simplifying the system also makes it more robust and reliable, with fewer chances for error. Plus, it lowers maintenance costs.

PPPL: A leader in AI approaches to stabilizing fusion plasma

The research team also found that the AI data supports a leading theory about how one method for stopping plasma disruptions works. Fusion scientists around the world are working on ways to control edge-localized modes (ELMs), which are powerful energy bursts in fusion reactors that can severely damage the reactor's inner walls. One promising method to stop ELMs involves applying resonant magnetic perturbations (RMPs): small changes made to the magnetic fields used to hold a plasma inside a tokamak. PPPL is a leader in ELM-suppression research, with recent papers on AI and traditional approaches to stopping these problematic disruptions. One theory suggests that RMPs create "magnetic islands" at the plasma's edge. These islands cause the plasma's temperature and density to flatten, meaning the measurements were more uniform across the edge of the plasma.

"Due to the limitation of the Thomson diagnostic, we cannot normally observe this flattening," said PPPL Principal Research Scientist Qiming Hu, who also worked on the project. "Diag2Diag provided much more details on how this happens and how it evolves."

While magnetic islands can lead to ELMs, a growing body of research suggests they can also be fine-tuned using RMPs to improve plasma stability. Diag2Diag generated data that provided new evidence of this simultaneous flattening of both temperature and density in the pedestal region of the plasma. This strongly supports the magnetic island theory for ELM suppression. Understanding this mechanism is crucial for the development of commercial fusion reactors.

The scientists are already pursuing plans to expand the scope of Diag2Diag. Kolemen noted that several researchers have already expressed interest in trying the AI. "Diag2Diag could be applied to other fusion diagnostics and is broadly applicable to other fields where diagnostic data is missing or limited," he said.

This research was supported by DOE under awards DE-FC02-04ER54698, DE-SC0022270, DE-SC0022272, DE-SC0024527, DE-SC0020413, DE-SC0015480 and DE-SC0024626, as well as the National Research Foundation of Korea award RS-2024-00346024 funded by the Korean government (MSIT). The authors also received financial support from the Princeton Laboratory for Artificial Intelligence under award 2025-97.
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Scientists just solved Uranus' coldest mystery | ScienceDaily
For millennia, astronomers thought Uranus was no more than a distant star. It wasn't until the late 18th century that Uranus was universally accepted as a planet. To this day, the ringed, blue world subverts scientists' expectations, but new NASA research helps puzzle out some of the world's mystique.


						em>    
	However, with advanced computer modeling and a new look at old data, scientists think the planet may actually be warmer than previously expected.
For millennia, astronomers thought Uranus was no more than a distant star. It wasn't until the late 18th century that Uranus was universally accepted as a planet. To this day, the ringed, blue world subverts scientists' expectations, but new NASA research helps puzzle out some of the world's mystique.

Uranus is unlike any other planet in our solar system. It spins on its side, which means each pole directly faces the Sun for a continuous 42-year "summer." Uranus also rotates in the opposite direction of all planets except Venus. Data from NASA's Voyager 2 Uranus flyby in 1986 also suggested the planet is unusually cold inside, challenging scientists to reconsider fundamental theories of how planets formed and evolved throughout our solar system.

"Since Voyager 2's flyby, everybody has said Uranus has no internal heat," said Amy Simon, a planetary scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "But it's been really hard to explain why that is, especially when compared with the other giant planets."

These Uranus projections came from only one up-close measurement of the planet's emitted heat made by Voyager 2: "Everything hinges on that one data point," said Simon. "That is part of the problem."

Now, using an advanced computer modeling technique and revisiting decades of data, Simon and a team of scientists have found that Uranus does in fact generate some heat, as they reported in the Monthly Notices of the Royal Astronomical Society journal.

A planet's internal heat can be calculated by comparing the amount of energy it receives from the Sun to the amount it of energy it releases into space in the form of reflected light and emitted heat. The solar system's other giant planets -- Saturn, Jupiter, and Neptune -- emit more heat than they receive, which means the extra heat is coming from inside, much of it left over from the high-energy processes that formed the planets 4.5 billion years ago. The amount of heat a planet exudes could be an indication of its age: the less heat released relative to the heat absorbed from the Sun, the older the planet is.




Uranus stood out from the other planets because it appeared to give off as much heat as it received, implying it had none of its own. This puzzled scientists. Some hypothesized that perhaps the planet is much older than all the others and has cooled off completely. Others proposed that a giant collision -- the same one that may have knocked the planet on its side -- blasted out all of Uranus' heat. But none of these hypotheses satisfied scientists, motivating them to solve Uranus' cold case.

"We thought, 'Could it really be that there is no internal heat at Uranus?'" said Patrick Irwin, the paper's lead author and professor of planetary physics at the University of Oxford in England. "We did many calculations to see how much sunshine is reflected by Uranus and we realized that it is actually more reflective than people had estimated."

The researchers set out to determine Uranus' full energy budget: how much energy it receives from the Sun compared to how much it reflects as sunlight and how much it emits as heat. To do this, they needed to estimate the total amount of light reflected from the planet at all angles. "You need to see the light that's scattered off to the sides, not just coming straight back at you," Simon said.

To get the most accurate estimate of Uranus' energy budget yet, Oxford researchers developed a computer model that brought together everything known about Uranus' atmosphere from decades of observations from ground- and space-based telescopes, including NASA's Hubble Space Telescope and NASA's Infrared Telescope Facility in Hawaii. The model included information about the planet's hazes, clouds, and seasonal changes, all of which affect how sunlight is reflected and how heat escapes.

The researchers found that Uranus releases about 15% more energy than it receives from the Sun, a figure that is similar to another recent estimate from a separate study funded in part by NASA that was published July 14 in Geophysical Research Letters. These studies suggest Uranus it has its own heat, though still far less than its neighbor Neptune, which emits more than twice the energy it receives.

"Now we have to understand what that remnant amount of heat at Uranus means, as well as get better measurements of it," Simon said.

Unraveling Uranus' past is useful not only for mapping the timeline of when solar system planets formed and migrated to their current orbits, but it also helps scientists better understand many of the planets discovered outside the solar system, called exoplanets, a majority of which are the same size as Uranus.
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Webb spots first hints of atmosphere on a potentially habitable world | ScienceDaily
University of Bristol astrophysicists are helping shed new light on an Earth-sized exoplanet 40 light years away where liquid water in the form of a global ocean or icy expanse might exist on its surface.


						
That would only be possible if an atmosphere is present - a big mystery the scientists are attempting to unravel and now even closer to solving using the largest telescope in Space.

Deploying NASA's JWST, the researchers have reached these discoveries as part of a major international project which is probing the atmosphere and surface of TRAPPIST-1e, also more simply known as planet e in the system, orbiting within the habitable zone of red dwarf star TRAPPIST-1.

Exoplanets are highly varied planets which orbit stars outside the solar system. Planet e is of particular interest because the presence of liquid water - not too hot or cold - is theoretically viable, but only if the planet has an atmosphere.

Researchers aimed JWST's powerful NIRSpec (Near-Infrared Spectrograph) instrument at the system as planet e passed in front of its star. Starlight passing through the planet's atmosphere, if there is one, will be partially absorbed and the corresponding dips in the light spectrum that reaches JWST tell astronomers what chemicals are found there. With each additional transit, the atmospheric contents become clearer.

Initial results, published in two scientific papers in the journal Astrophysical Journal Letters, indicate several potential scenarios, including the possibility of an atmosphere.

Dr Hannah Wakeford, Associate Professor in Astrophysics at the University of Bristol, is a leading member of the JWST Transiting Exoplanet team who helped design the observational set-up for the telescope to ensure scientists obtain vital data.




Dr Wakeford said: "What we have found with JWST in these first four observations helps refine the earlier Hubble measurements and reveals there might now be hints of an atmosphere, but we cannot yet rule out the possibility there is nothing to detect."

"JWST's infrared instruments are providing unprecedented detail, helping us understand much more about what determines a planet's atmosphere and surface environment, and what they're composed of. It's incredibly exciting to be peeling back the curtain of these fascinating other worlds, measuring the details of starlight around Earth-sized planets to ascertain what it might be like, and if life could be possible. Through a careful process of elimination and comparison we're uncovering great new insights."

Although various possibilities remain open for planet e, the researchers are confident the planet does not have its original atmosphere.

Co-author of both studies, Dr David Grant, a former Senior Research Associate at the University of Bristol, explained: "The findings also further rule out the presence of a primordial hydrogen-based atmosphere. This is the gaseous envelope, mainly comprising hydrogen, that surrounded a planet in its early stages of formation. Such atmospheres are believed to be common for both giant planets and terrestrial planets in the early solar system."

Dr Wakeford added: "Since TRAPPIST-1 is a very active star, with frequent flares, it's not surprising that any hydrogen-helium atmosphere the planet may have formed would be stripped off by stellar radiation. Many planets, including Earth, build up a heavier secondary atmosphere after losing their primary atmosphere. It is possible planet e was never able to do this and doesn't have a secondary atmosphere, but there's an equal chance one does exist."

The presence of a secondary atmosphere means liquid water could also exist on the surface and if that's the case, researchers understand it would be accompanied by a greenhouse effect, akin to that of planet Earth, in which various gases, especially carbon dioxide, keep the atmosphere stable and the planet warm.




The second paper details work on the theoretical interpretation and lead author Dr Ana Glidden, a post-doctoral researcher at Massachusetts Institute of Technology, explained: "It is unlikely the atmosphere of planet e is dominated by carbon dioxide, like the thick atmosphere of Venus and the thin atmosphere of Mars. But it's also important to note there are no direct parallels with our solar system. TRAPPIST-1 is a very different star from our Sun, and the planetary system around it is also distinct."

Dr Wakeford added: "A little greenhouse effect can go a long way and the new measurements do not rule out sufficient carbon dioxide to sustain some liquid water on the surface. The liquid water could take the form of a global ocean, or cover a smaller area of the planet where the star is at perpetual noon, surrounded by ice. This would be possible because, owing to TRAPPIST-1's planets' sizes and close orbits to their star, they are all tidally locked, with one side always facing the star and the other side in perpetual darkness."

Next steps in the research will involve further detailed observations, comparing data from another exoplanet - planet b - orbiting closest to TRAPPIST-1 in order to make more revelations.

One of the principal investigators of the research team focused on TRAPPIST-1e Dr Nestor Espinoza, an Associate Astronomer and Mission Scientist for Exoplanet Science at the the Space Telescope Science Institute (STScI) in Baltimore, Maryland, said: "Webb's infrared instruments are giving us more detail than we've ever had access to before, and the initial four observations we've been able to make of planet e are showing us what we will have to work with when the rest of the information comes in."

The JWST is the world's premier space science observatory, capable of observing distant worlds and stars, and probing the mysterious structures of our universe. It is an international programme led by NASA, the European Space Agency, and the Canadian Space Agency.

The project is part of the JWST-TST DREAMS program, led by Dr Nikole Lewis, Associate Professor of Astronomy at Cornell University in the US city Ithaca, New York. This international project involves more than 30 scientists from the UK, USA, and India, five of whom are members or former members of Dr Wakeford's team. It includes the breakthrough detection of Quartz clouds in the atmosphere of a hot exoplanet, as shown in a recent study, led by Dr Grant and co-authored by Dr Wakeford.
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Scientists may be closing in on dark matter's true identity | ScienceDaily
Determining the nature of dark matter, the invisible substance that makes up most of the mass in our universe, is one of the greatest puzzles in physics. New results from the world's most sensitive dark matter detector, LUX-ZEPLIN (LZ), have narrowed down the possibilities for one of the leading dark matter candidates: weakly interacting massive particles (WIMPs).


						
"While we always hope to discover a new particle, it is important for particle physics that we are able to set bounds on what the dark matter might actually be," said UC Santa Barbara experimental physicist Hugh Lippincott. Scientists have suspected the existence of dark matter for decades, but it remains a mysterious substance -- one that nevertheless plays a fundamental role in the structure of the universe.

LZ hunts for dark matter from a cavern nearly one mile underground at the Sanford Underground Research Facility (SURF) in South Dakota. The experiment's new results explore weaker dark matter interactions than ever searched before and further limit what WIMPs could be. The results analyze 280 days' worth of data: a new set of 220 days (collected between March 2023 and April 2024) combined with 60 earlier days from LZ's first run. The experiment plans to collect 1,000 days' worth of data before it ends in 2028.

The inner portion of the LZ detector consists of two nested titanium tanks filled with ten tonnes of transparent pure liquid xenon, which is so dense it creates a highly isolated environment, free from the "noise" of the outside world and perfect for capturing the faintest of faint signals that could be indicative of a WIMP. The hope is for a WIMP to knock into a xenon nucleus, causing it to move, much like a hit from a cue ball in a game of pool. By collecting the light and electrons emitted during interactions, LZ captures potential WIMP signals alongside other data. This liquid xenon core is surrounded by a much larger Outer Detector (OD) -- acrylic tanks filled with gadolinium-loaded liquid scintillator.

LZ's sensitivity comes from the myriad ways the detector can reduce backgrounds, the false signals that can impersonate or hide a dark matter interaction. Deep underground, the detector is shielded from cosmic rays coming from space. To reduce natural radiation from everyday objects, LZ was built from thousands of ultraclean, low-radiation parts. The detector is built like an onion, with each layer either blocking outside radiation or tracking particle interactions to rule out dark matter mimics. And, sophisticated new analysis techniques help rule out background interactions.

UCSB was one of the founding groups in LZ, led by UCSB physicist Harry Nelson, who hosted the first LZ meeting at UCSB in 2012. The team currently consists of faculty members Lippincott and Nelson, postdoctoral researchers Chami Amarasinghe and TJ Whitis, and graduate students Jeonghwa Kim, Makayla Trask, Lindsey Weeldreyer, and Jordan Thomas. Other contributors to the result include recent Ph.D. recipient Jack Bargemann, now a postdoctoral researcher at Pacific Northwest National Laboratory, and former undergraduate researcher; Tarun Advaith Kumar, now a graduate student at the Perimeter Institute. The physics coordinator for the result was Scott Haselschwardt, who received his Ph.D. from UCSB in 2018 and is now an assistant professor at the University of Michigan.

Neutrons, subatomic particles that exist in every atom save hydrogen, are among the most common confounders of WIMP signals. Nelson and UCSB led the design, fabrication, and commissioning of the OD, the critical component that allows the collaboration to rule out these particles and enable a real discovery.




"The tricky thing about neutrons is that they also interact with the xenon nuclei, giving off a signal identical to what we expect from WIMPs," Trask said. "The OD is excellent at detecting neutrons, and confirms a WIMP detection by not having any response." Presence of a pulse in the OD can veto an otherwise perfect candidate for a WIMP detection.

Radon is also a WIMP mimic, for which the scientists must be vigilant. "Radon undergoes a particular sequence of decays, some of which could be mistaken for WIMPs," Bargemann said. "One of the things we were able to do in this run was look out for the whole set of decays in the detector to identify the radon and avoid confusing them for WIMPs."

To enable a strong result and eliminate unconscious bias, the LZ collaboration applied a technique called "salting," which adds fake WIMP signals during data collection. By camouflaging the real data until "unsalting" at the very end, researchers can avoid unconscious bias and keep from overly interpreting or changing their analysis.

"We're pushing the boundary into a regime where people have not looked for dark matter before," said Haselschwardt. "There's a human tendency to want to see patterns in data, so it's really important when you enter this new regime that no bias wanders in. If you make a discovery, you want to get it right."

With these results, the field of possibilities for what WIMPs may be has narrowed dramatically, allowing all scientists searching for dark matter to better focus their searches and reject incorrect models of how the universe operates. It's a long game, with more data collection in the future and one that will do more than accelerate the search for dark matter.

"Our experiment is also sensitive to rare events with roots in diverse areas of physics," Amarasinghe said. "Some examples are solar neutrinos, the fascinating decays of certain xenon isotopes, and even other types of dark matter. With the intensity of this result behind us, I'm very excited to spend more time on these searches."

"The UCSB Physics Department has a long history of devising searches for dark matter, starting with one of the first published results of a search in 1988," Nelson said. Previous faculty members include David Caldwell (now deceased), and Michael Witherell, now director of the Lawrence Berkeley Laboratory. David Hale (now retired) pioneered many of the techniques for suppressing fake dark matter signals which are now employed throughout the field of dark matter searches. "UCSB, through the Physics Department, the College of Letters and Science, the administration, and through private donations, has strongly supported the dark matter effort for decades, and made substantial contributions to LZ."

LZ is a collaboration of roughly 250 scientists from 38 institutions in the United States, United Kingdom, Portugal, Switzerland, South Korea, and Australia; much of the work building, operating, and analyzing the record-setting experiment is done by early career researchers. The collaboration is already looking forward to analyzing the next data set and extending our data analysis techniques to seek signals from lower-mass dark matter. Scientists are also thinking through potential upgrades to further improve LZ, and planning for a next-generation dark matter detector called XLZD.

LZ is supported by the U.S. Department of Energy, Office of Science, Office of High Energy Physics and the National Energy Research Scientific Computing Center, a DOE Office of Science user facility. LZ is also supported by the Science & Technology Facilities Council of the United Kingdom; the Portuguese Foundation for Science and Technology; the Swiss National Science Foundation, and the Institute for Basic Science, Korea. More than 38 institutions of higher education and advanced research provided support to LZ. The assistance of the Sanford Underground Research Facility has at all times been critical for UCSB efforts to LZ.
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Scientists just found the strongest signs of life on Mars yet | ScienceDaily
A new study suggests a habitable past and signs of ancient microbial processes on Mars -- and Imperial scientists provided crucial context.


						
Led by NASA and featuring key analysis from Imperial College London, the work has uncovered a range of minerals and organic matter in Martian rocks that point to an ancient history of habitable conditions and potential biological processes on the Red Planet.

An international team, including researchers from the Department of Earth Science and Engineering (ESE) at Imperial, propose that these geological features within the so-called Bright Angel formation in Mars's Jezero Crater are closely connected to organic carbon, and could be a compelling potential biosignature of past life.

Professor Sanjeev Gupta, Professor of Earth Science in ESE, and Academic Co-director of Imperial Global India, said: "This is a very exciting discovery of a potential biosignature but it does not mean we have discovered life on Mars. We now need to analyze this rock sample on Earth to truly confirm if biological processes were involved or not."

Promising signs

A core component of NASA's Mars 2020 mission, the Perseverance Rover has been exploring the 45-kilometre-wide Jezero Crater since 2021, a site chosen because it once held a huge lake and a river delta - environments that are considered prime targets in the search for signs of past life. Its key goal is to collect and store the first set of selected rock and soil samples that will be brought back to Earth for detailed analysis.

The new study, published in Nature, focuses on a distinctly light-toned outcrop in the crater, dubbed 'Bright Angel', located within an ancient river valley which provided water to the Jezero lake.




While driving through the valley, called Neretva Vallis, Perseverance came across a thick succession of fine-grained mudstones and muddy conglomerates. Here, it conducted a detailed analysis of these rocks, using instruments such as the Planetary Instrument for X-ray Lithochemistry (PIXL) and Scanning Habitable Environments with Raman & Luminescence for Organics & Chemicals (SHERLOC).

An unexpected lake

By mapping the types and distributions of different sedimentary rocks at Bright Angel, ESE researchers (including Professor Gupta and Dr Robert Barnes, a Research Associate in ESE, who were both funded by the UK Space Agency), were able to reconstruct the environment in which these mudstones were deposited.

Their analysis revealed a range of sedimentary structures and textures indicative of lake margin and lake bed environments, including a composition rich in minerals like silica and clays - the opposite to a river scenario, where fast-moving water would carry these tiny particles away.

This pointed to a surprising conclusion: they had found lake deposits in the bottom of a river valley.

Co-author Alex Jones, a PhD researcher in ESE and collaborating scientist with the NASA Perseverance team, who has conducted a detailed analysis of the ancient lake environment, said: "This is unusual but very intriguing, as we wouldn't expect to find such deposits in Neretva Vallis. What our sedimentological and stratigraphic work has done is indicate a past, low-energy lake environment - and that is precisely the kind of habitable environment we have been looking for on the mission."

The finding may suggest a period in the history of Jezero Crater where the valley itself was flooded, giving rise to this potentially habitable lake.




Alex, who is an Imperial President's Scholar and did his undergraduate degree in Earth and Planetary Science at ESE, added: "I'm thrilled to be involved in such a discovery and contributing to Perseverance operations during my PhD. It's also pretty cool to apply my terrestrial geologic field experience I gained as a student to investigate such an exciting unit at Jezero!"

Compelling context

With the lake habitat scenario pinned down, the Perseverance science team turned their attention to the mudstones themselves. It was inside these rocks that they discovered a group of tiny nodules and reaction fronts, with chemical analysis revealing that these millimeter-scale structures are highly enriched in iron-phosphate and iron-sulfide minerals (likely vivianite and greigite).

These appear to have formed through redox reactions involving organic carbon, a process that could have been driven by either abiotic or - interestingly - biological chemistry. Importantly, this sets the stage for everything that happened next: the formation of this specific type of oxidized, iron- and phosphorus-rich sediment was the essential prerequisite for creating the ingredients for subsequent reactions.

Since these ingredients mirror by-products of microbial metabolism seen on Earth, it can be considered a compelling potential biosignature, raising the possibility that there was once microbial life on Mars.

A question for Earth labs

Ultimately, the only way for the true origin of these structures to be determined is by returning the samples to Earth, a possibility that rests on when future missions will manage to successfully collect the samples from Mars' surface.

Fortunately, Perseverance has already drilled and cached a core sample from the Bright Angel outcrop, named 'Sapphire Canyon', which, along with others collected by the rover, is awaiting the Mars Sample Return mission - a joint NASA-ESA endeavour aiming to bring them to Earth in the 2030s.

Once in terrestrial laboratories, samples like Sapphire Canyon will be analyzed with instruments far more sensitive than those on the rover by scientists from around the world. Only then will we determine the precise origin of these features and whether they are the result of unique abiotic chemistry, or constitute evidence of past microbial life on Mars.

"This discovery is a huge step forward - the samples we helped characterize are among the most convincing we have," said Professor Gupta.

"The work was an impressive international effort and highlights the power of collaboration and advanced robotics in planetary exploration."

Matthew Cook, Head of Space Exploration at the UK Space Agency, said: "This exciting discovery represents a significant step forward in our understanding of Mars and the potential for ancient life beyond Earth. The chemical signatures identified in these Martian rocks are the first of their kind to potentially reflect biological processes that we see on Earth and provide more compelling evidence that Mars may have once harboured the conditions necessary for microbial life.

"Professor Sanjeev Gupta and his team at Imperial College London, supported through UK Space Agency funding, have made an invaluable contribution to this ground-breaking research, demonstrating the world-leading UK exploration science by leading the establishment of the geological context for the research.

"While we must remain scientifically cautious about definitive claims of ancient life, these findings represent the most promising evidence yet discovered. The upcoming Rosalind Franklin Mars rover mission, built here in the UK, will be crucial in helping us answer whether samples similar to those observed in this study represent genuine biological processes, bringing us closer to answering: are we alone in the Universe?"
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New rocket fuel compound packs 150% more energy | ScienceDaily
University at Albany chemists have created a new high-energy compound that could revolutionize rocket fuel and make space flights more efficient. Upon ignition, the compound releases more energy relative to its weight and volume compared to current fuels. In a rocket, this would mean less fuel required to power the same flight duration or payload and more room for mission-critical supplies. Their study was published in the Journal of the American Chemical Society.


						
"In rocket ships, space is at a premium," said Assistant Professor of Chemistry Michael Yeung, whose lab led the work. "Every inch must be packed efficiently, and everything onboard needs to be as light as possible. Creating more efficient fuel using our new compound would mean less space is needed for fuel storage, freeing up room for equipment, including instruments used for research. On the return voyage, this could mean more space is available to bring samples home."

The newly synthesized compound, manganese diboride (MnB2), is over 20% more energetic by weight and about 150% more energetic by volume compared to the aluminum currently used in solid rocket boosters. Despite being highly energetic, it is also very safe and will only combust when it meets an ignition agent like kerosene.

The underlying boron-based structure is also versatile; related research in the Yeung lab has demonstrated its potential to help build more durable catalytic converters for cars and serve as a catalyst for breaking down plastics.

It Takes Heat to Make Heat

Manganese diboride belongs to a class of chemical compounds thought to have unusual properties, yet exploring what exactly these properties entail has been limited by an inability to actually produce the compound.

"Diborides first started getting attention in the 1960s," said UAlbany PhD student Joseph Doane, who works with Yeung. "Since these initial looks, new technologies are allowing us to actually synthesize chemical compounds that were once only hypothesized to exist.




"Knowing what we do about the elements on the periodic table, we suspected that manganese diboride would be structurally asymmetrical and unstable -- factors which together would make it highly energetic -- but until recently, we couldn't test it because it couldn't be made. Successfully synthesizing pure manganese diboride is an exciting achievement in and of itself. And now, we can test it experimentally and discover new ways to put it to use."

Synthesizing manganese diboride requires extreme heat generated using a tool called an "arc melter." The first step involves pressing manganese and boron powders together into a pellet, which is placed in a small, reinforced glass chamber. The arc melter trains a narrow electrical current on the pellet, heating it to a scorching 3,000degC (over 5,000degF). The molten material is then rapidly cooled to lock the structure in place. At the atomic level, this process forces a central manganese atom to bond to too many other atoms, making for an overly crowded structure packed tight like a coiled spring.

3...2...1... Deformation!

When exploring new chemical compounds, being able to physically produce the compound is critical. You also need to be able to define its molecular structure, in order to better understand why it behaves the way it does.

UAlbany PhD student Gregory John, who works with computational chemist Alan Chen, built computer models to visualize manganese diboride's molecular structure. These models revealed something critical: a subtle skew, known as "deformation," which gives the compound its high potential energy.

"Our model of the manganese diboride compound looks like a cross section of an ice cream sandwich, where the outer cookies are made of a lattice structure comprised of interlocking hexagons," said John. "When you look closely, you can see that the hexagons aren't perfectly symmetrical; they're all a little skewed. This is what we call 'deformation.' By measuring the degree of deformation, we can use that measure as a proxy to determine the amount of energy stored in the material. That skew is where the energy is stored."

Here's another way to picture it.




"Imagine a flat trampoline; there's no energy there when it's flat," said Yeung. "If I put a gigantic weight in the center of the trampoline, it will stretch. That stretch represents energy being stored by the trampoline, which it will release when the object is removed. When our compound ignites, it's like removing the weight from the trampoline and the energy is released."

New Materials Need New Compounds

"There's this consensus among chemists that boron-based compounds should have unusual properties that make them behave unlike any other existing compounds," said Associate Professor of Chemistry Alan Chen. "There's an ongoing quest to figure out what those properties and behaviors are. This sort of pursuit is at the heart of materials chemistry, where creating harder, stronger more extreme materials requires forging brand-new chemicals. This is what the Yeung lab is doing -- with findings that could improve rocket fuel, catalytic converters and even processes for recycling plastics.

"This study is also a great example of the scientific process, where researchers pursue interesting chemical properties even when they're not certain what specific applications might emerge. Sometimes, present case included, the results are serendipitous."

Yeung's interest in boron compounds started when he was a grad student at the University of California, Los Angeles. His project was aiming to discover compounds harder than diamond.

"I distinctly remember the first time I made a compound related to manganese diboride," Yeung said. "There I was, holding this new material that was supposed to be super hard. Instead, it started to get hot and changed into a pretty orange color. I thought, 'Why is it orange? Why is it glowing? It shouldn't be glowing!' That's when I realized how energetic boron compounds can be. I put a pin in it to explore in the future, and that's exactly what we are working on now."
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The hidden forces inside diamonds that could make tech 1,000x faster | ScienceDaily
Understanding what happens inside a material when it is hit by ultrashort light pulses is one of the great challenges of matter physics and modern photonics. A new study published in Nature Photonics and led by Politecnico di Milano reveals a hitherto neglected but essential aspect, precisely the contribution of virtual charges, charge carriers that exist only during interaction with light, but which profoundly influence the material's response.


						
The research, conducted in partnership with the University of Tsukuba, the Max Planck Institute for the Structure and Dynamics of Matter, and the Institute of Photonics and Nanotechnology (Cnr-Ifn) investigated the behavior of monocrystalline diamonds subjected to light pulses lasting a few attoseconds (billionths of a billionth of a second), using an advanced technique called attosecond-scale transient reflection spectroscopy.

By comparing experimental data with state-of-the-art numerical simulations, researchers were able to isolate the effect of so-called virtual vertical transitions between the electronic bands of the material. Such an outcome changes the perspective on how light interacts with solids, even in extreme conditions hitherto attributed only to the movement of actual charges.

"Our work shows that virtual carrier excitation, which develops in a few billionths of a billionth of a second, are indispensable to correctly predict the rapid optical response in solids," said Matteo Lucchini, professor at the Department of Physics, senior author of the study, and associate at CNR-Ifn.

"These results mark a key step in the development of ultra-fast technologies in electronics," adds Rocio Borrego Varillas, researcher at CNR-IFN.

The progress achieved offers new insights into the creation of ultra-fast optical devices, such as switches and modulators capable of operating at petahertz frequencies, a thousand times faster than current electronic devices. This requires a deep understanding of both the behavior of actual charges, and of virtual charges, as demonstrated by this study.

Research was carried out at the Attosecond Research Center (ARC) of the Politecnico di Milano, in the framework of the European and national projects ERC AuDACE (Attosecond Dynamics in AdvanCed matErials) and MIUR FARE PHorTUNA (PHase Transition Ultrafast dyNAmics in Mott insulators).
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Astronomers stunned as fiery auroras blaze on a planet without a star | ScienceDaily
Strong Northern Lights-like activity is the standout feature of today's weather report, which is coming at you from a strange, extrasolar world, instead of a standard TV studio. That is thanks to astronomers from Trinity College Dublin, who used the NASA/ESA/CSA James Webb Space Telescope to take a close look at the weather of a toasty nearby rogue planet, SIMP-0136.
The exquisite sensitivity of the instruments on board the space-based telescope enabled the team to see minute changes in brightness of the planet as it rotated, which were used to track changes in temperature, cloud cover and chemistry. 
Surprisingly, these observations also illuminated SIMP-0136's strong auroral activity, similar to the Northern Lights here on Earth or the powerful aurora on Jupiter, which heat up its upper atmosphere.
"These are some of the most precise measurements of the atmosphere of any extra-solar object to date, and the first time that changes in the atmospheric properties have been directly measured," said Dr Evert Nasedkin, a Postdoctoral Fellow in Trinity College Dublin's School of Physics, who is the lead author of the research article just published in leading international journal, Astronomy & Astrophysics. 
"And at over 1,500 degC, SIMP-0136 makes this summer's heat wave look mild," he continued. "The precise observations we made meant we could accurately record temperature changes smaller than 5 degC. These changes in temperature were related to subtle changes in the chemical composition of this free-floating planet, which is suggestive of storms - similar to Jupiter's Great Red Spot - rotating into view."
Another surprise finding was the lack of variability of the clouds on SIMP-0136. One might expect changes in the cloud coverage to lead to changes in the atmosphere, similar to observing patches of clouds and blue sky here on Earth. Instead, the team found that the cloud coverage was constant over the surface of SIMP-0136. At the temperatures of SIMP-0136 these clouds are unlike those on earth, instead composed of silicate grains, similar to sand on a beach. 
This is the first publication from the new 'Exo-Aimsir' group led by Prof. Johanna Vos in Trinity's School of Physics, and includes contributions from all the group members, including PhD candidates Merle Schrader, Madeline Lam and Cian O'Toole.
These data were initially published by a similar team led by Allison McCarthy at Boston University, but the new analysis has revealed more details about the atmosphere. 
"Different wavelengths of light are related to different atmospheric features. Similar to observing the changes in colour over the surface of the earth, the changes in the colour of SIMP-0136 are driven by changes in the atmospheric properties," added Dr. Nasedkin. "So by using cutting-edge models, we could infer the temperature of the atmosphere, the chemical composition, and the position of the clouds." 
Prof. Vos said: "This work is exciting because it shows that by applying our state-of-the-art modelling techniques to cutting-edge datasets from JWST, we can begin to piece together the processes that drive weather in worlds beyond our solar system. Understanding these weather processes will be crucial as we continue to discover and characterize exoplanets in the future."
"While for now these types of spectroscopic variability observations are limited to isolated brown dwarfs, like this one, future observations with the Extremely Large Telescope and eventually the Habitable Worlds Observatory will enable the study of the atmospheric dynamics of exoplanets, from Jupiter-like gas giants to rocky worlds."
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Hubble finds a hybrid galaxy with a mysterious and violent past | ScienceDaily
This new NASA/ESA Hubble Space Telescope Picture of the Week features a galaxy that's hard to categorize. The galaxy in question is NGC 2775, which lies 67 million light-years away in the constellation Cancer (The Crab). NGC 2775 sports a smooth, featureless center that is devoid of gas, resembling an elliptical galaxy. It also has a dusty ring with patchy star clusters, like a spiral galaxy. Which is it, then: spiral or elliptical -- or neither?


						
Because we can only view NGC 2775 from one angle, it's difficult to say for sure. Some researchers have classified NGC 2775 as a spiral galaxy because of its feathery ring of stars and dust, while others have classified it as a lenticular galaxy. Lenticular galaxies have features common to both spiral and elliptical galaxies.

It's not yet known exactly how lenticular galaxies come to be, and they might form in a variety of ways. Lenticular galaxies might be spiral galaxies that have merged with other galaxies, or that have mostly run out of star-forming gas and lost their prominent spiral arms. They also might have started out more similar to elliptical galaxies, then collected gas into a disk around them.

Some evidence suggests that NGC 2775 has merged with other galaxies in the past. Invisible in this Hubble image, NGC 2775 has a tail of hydrogen gas that stretches almost 100,000 light-years around the galaxy. This faint tail could be the remnant of one or more galaxies that wandered too close to NGC 2775 before being stretched apart and absorbed. If NGC 2775 merged with other galaxies in the past, it could explain the galaxy's strange appearance today.

A Hubble image of NGC 2775 was previously released in 2020. The new version adds observations of a specific wavelength of red light that is emitted by clouds of hydrogen gas surrounding massive young stars.
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Earth was born dry until a cosmic collision made it a blue planet | ScienceDaily
After the formation of the Solar System, it took a maximum of three million years for the chemical composition of the Earth's precursor to be completed. This is shown by a new study by the Institute of Geological Sciences at the University of Bern. At this time, however, there were hardly any elements necessary for life such as water or carbon compounds on the young planet. Only a later planetary collision probably brought water to Earth, paving the way for life.


						
Earth is so far the only known planet on which life exists -- with liquid water and a stable atmosphere. However, the conditions were not conducive to life when it formed. The gas-dust cloud from which all the planets in the Solar System formed was rich in volatile elements essential for life, such as hydrogen, carbon and sulphur. However, in the inner Solar System -- the part closest to the Sun, where the four rocky planets Mercury, Venus, Earth and Mars and the asteroid belt are located today -- these volatile elements could hardly exist: Due to the high temperature of the Sun, they did not condense and initially remained largely in the gas phase. As these gaseous substances were not incorporated into the solid rocky materials from which the planets were formed, the early precursor of the Earth, the so-called proto-Earth, also contained very little of these vital substances. Only celestial bodies that formed further away from the Sun in cooler regions were able to incorporate these components. When and how the Earth became a life-friendly planet is still not fully understood.

In a new study, researchers from the Institute of Geological Sciences at the University of Bern have now been able to show for the first time that the chemical composition of the early Earth was complete no later than three million years after the formation of the Solar System -- and in a way that initially made the emergence of life impossible. Their results, recently published in the journal Science Advances, suggest that life on Earth was only made possible by a later event. Dr. Pascal Kruttasch is first author of the study, which was part of his dissertation at the Institute of Geological Sciences and was financially supported by the Swiss National Science Foundation. Kruttasch is now an SNSF Postdoc Mobility Fellow at Imperial College London.

Using a precise clock to measure the history of the Earth's formation

The research team used a combination of isotope and element data from meteorites and terrestrial rocks to reconstruct the process of the Earth's formation. Using model calculations, the researchers were able to narrow down in time how the chemical composition of the Earth developed in comparison to other planetary building blocks.

Kruttasch explains: "A high-precision time measurement system based on the radioactive decay of manganese-53 was used to determine the precise age. This isotope was present in the early Solar System and decayed to chromium-53 with a half-life of around 3.8 million years." This method allowed ages to be determined with an accuracy of less than one million years for materials that are several billion years old. "These measurements were only possible because the University of Bern has internationally recognized expertise and infrastructure for the analysis of extraterrestrial materials and is a leader in the field of isotope geochemistry," says co-author Klaus Mezger, Professor Emeritus of Geochemistry at the Institute of Geological Sciences at the University of Bern.

Life on Earth thanks to a cosmic coincidence?

Using model calculations, the research team was able to show that the chemical signature of the proto-Earth, i.e. the unique pattern of chemical substances of which it is composed, was already complete less than three million years after the formation of the Solar System. Their study thus provides empirical data on the time of formation of the original material of the young Earth. "Our Solar System formed around 4,568 million years ago. Considering that it only took up to 3 million years to determine the chemical properties of the Earth, this is surprisingly fast," says first author Kruttasch.




The results of the study thus support the assumption that a later collision with another planet -- Theia -- brought the decisive turning point and made the Earth a life-friendly planet. Theia probably formed further out in the Solar System, where volatile substances such as water accumulated. "Thanks to our results, we know that the proto-Earth was initially a dry rocky planet. It can therefore be assumed that it was only the collision with Theia that brought volatile elements to Earth and ultimately made life possible there," says Kruttasch.

Life-friendliness in the universe cannot be taken for granted

The new study contributes significantly to our understanding of the processes in the early phase of the Solar System and provides clues as to when and how planets on which life is possible can form. "The Earth does not owe its current life-friendliness to a continuous development, but probably to a chance event -- the late impact of a foreign, water-rich body. This makes it clear that life-friendliness in the universe is anything but a matter of course," says Mezger.

The next step would be to investigate the collision event between proto-Earth and Theia in more detail. "So far, this collision event is insufficiently understood. Models are needed that can fully explain not only the physical properties of the Earth and Moon, but also their chemical composition and isotope signatures," concludes Kruttasch.
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Black hole discovery confirms Einstein and Hawking were right | ScienceDaily
A decade ago, scientists first detected ripples in the fabric of space-time, called gravitational waves, from the collision of two black holes. Now, thanks to improved technology and a bit of luck, a newly detected black hole merger is providing the clearest evidence yet of how black holes work -- and, in the process, offering long-sought confirmation of fundamental predictions by Albert Einstein and Stephen Hawking.


						
The new measurements were made by the Laser Interferometer Gravitational-Wave Observatory (LIGO), with analyses led by astrophysicists Maximiliano Isi and Will Farr of the Flatiron Institute's Center for Computational Astrophysics in New York City. The results reveal insights into the properties of black holes and the fundamental nature of space-time, hinting at how quantum physics and Einstein's general relativity fit together.

"This is the clearest view yet of the nature of black holes," says Isi, who is also an assistant professor at Columbia University. "We've found some of the strongest evidence yet that astrophysical black holes are the black holes predicted from Albert Einstein's theory of general relativity."

The results were reported in a paper published September 10 in Physical Review Letters by the LIGO-Virgo-KAGRA Collaboration.

For massive stars, black holes are the final stage in their evolution. Black holes are so dense that even light cannot escape their gravity. When two black holes collide, the event distorts space itself, creating ripples in space-time that fan out across the universe, like sound waves ringing out from a struck bell.

Those space-deforming ripples, called gravitational waves, can tell scientists a great deal about the objects that created them. Just as a large iron bell makes different sounds than a smaller aluminum bell, the "sound" a black hole merger makes is specific to the properties of the black holes involved.

Scientists can detect gravitational waves with special instruments at observatories such as LIGO in the United States, Virgo in Italy and KAGRA in Japan. These instruments carefully measure how long it takes a laser to travel a given path. As gravitational waves stretch and compress space-time, the length of the instrument, and thus the light's travel time, changes minutely. By measuring those tiny changes with great precision, scientists can use them to determine the black holes' characteristics.




The newly reported gravitational waves were found to be created by a merger that formed a black hole with the mass of 63 suns and spinning at 100 revolutions per second. The findings come 10 years after LIGO made the first black hole merger detection. Since that landmark discovery, improvements in equipment and techniques have enabled scientists to get a much clearer look at these space-shaking events.

"The new pair of black holes are almost twins to the historic first detection in 2015," Isi says. "But the instruments are much better, so we're able to analyze the signal in ways that just weren't possible 10 years ago."

With these new signals, Isi and his colleagues got a complete look at the collision from the moment the black holes first careened into each other until the final reverberations as the merged black hole settled into its new state, which happened only milliseconds after first contact.

Previously, the final reverberations were difficult to capture, as by that point, the ringing of the black hole would be very faint. As a result, scientists couldn't separate the ringing of the collision from that of the final black hole itself.

In 2021, Isi led a study showcasing a cutting-edge method that he, Farr and others developed to isolate certain frequencies -- or 'tones' -- using data from the 2015 black hole merger. This method proved powerful, but the 2015 measurements weren't clear enough to confirm key predictions about black holes. With the new, more precise measurements, though, Isi and his colleagues were more confident they had successfully isolated the milliseconds-long signal of the final, settled black hole. This enabled more unambiguous tests of the nature of black holes.

"Ten milliseconds sounds really short, but our instruments are so much better now that this is enough time for us to really analyze the ringing of the final black hole," Isi says. "With this new detection, we have an exquisitely detailed view of the signal both before and after the black hole merger."

The new observations allowed scientists to test a key conjecture dating back decades that black holes are fundamentally simple objects. In 1963, physicist Roy Kerr used Einstein's general relativity to mathematically describe black holes with one equation. The equation showed that astrophysical black holes can be described by just two characteristics: spin and mass. With the new, higher-quality data, the scientists were able to measure the frequency and duration of the ringing of the merged black hole more precisely than ever before. This allowed them to see that, indeed, the merged black hole is a simple object, described by just its mass and spin.




The observations were also used to test a foundational idea proposed by Stephen Hawking called Hawking's area theorem. It states that the size of a black hole's event horizon -- the line past which nothing, not even light, can return -- can only ever grow. Testing whether this theorem applies requires exceptional measurements of black holes before and after their merger. Following the first black hole merger detection in 2015, Hawking wondered if the merger signature could be used to confirm his theorem. At the time, no one thought it was possible.

By 2019, a year after Hawking's death, methods had improved enough that a first tentative confirmation came using techniques developed by Isi, Farr, and colleagues. With four times better resolution, the new data gives scientists much more confidence that Hawking's theorem is correct.

In confirming Hawking's theorem, the results also hint at connections to the second law of thermodynamics. This law states that a property that measures a system's disorder, known as entropy, must increase, or at least remain constant, over time. Understanding the thermodynamics of black holes could lead to advances in other areas of physics, including quantum gravity, which aims to merge general relativity with quantum physics.

"It's really profound that the size of a black hole's event horizon behaves like entropy," Isi says. "It has very deep theoretical implications and means that some aspects of black holes can be used to mathematically probe the true nature of space and time."

Many suspect that future black hole merger detections will only reveal more about the nature of these objects. In the next decade, detectors are expected to become 10 times more sensitive than today, allowing for more rigorous tests of black hole characteristics.

"Listening to the tones emitted by these black holes is our best hope for learning about the properties of the extreme space-times they produce," says Farr, who is also a professor at Stony Brook University. "And as we build more and better gravitational wave detectors, the precision will continue to improve."

"For so long this field has been pure mathematical and theoretical speculation," Isi says. "But now we're in a position of actually seeing these amazing processes in action, which highlights how much progress there's been -- and will continue to be -- in this field."
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Heisenberg said it was impossible. Scientists just proved otherwise | ScienceDaily
Physicists in Australia and Britain have reshaped quantum uncertainty to sidestep the restriction imposed by the famous Heisenberg uncertainty principle - a result that could underpin future ultra-precise sensor technology used in navigation, medicine and astronomy.


						
The Heisenberg uncertainty principle, introduced in 1927, says that you can't know certain pairs of properties - such as a particle's position and momentum - with unlimited precision at the same time. In other words, there is always a trade-off in uncertainty: the more closely one property is pinned down, the less certainty there is about the other.

In research published Sept. 24 in Science Advances, a team led by Dr Tingrei Tan from the University of Sydney Nano Institute and School of Physics has shown how to engineer a different trade-off to precisely measure position and momentum at the same time.

"Think of uncertainty like air in a balloon," said Dr Tan, a Sydney Horizon Fellow in the Faculty of Science. "You can't remove it without popping the balloon, but you can squeeze it around to shift it. That's effectively what we've done. We push the unavoidable quantum uncertainty to places we don't care about (big, coarse jumps in position and momentum) so the fine details we do care about can be measured more precisely."

The researchers also use the analogy of a clock to explain their findings (see image). Think of a normal clock with two hands: the hour hand and the minute hand. Now imagine the clock only has one hand. If it's the hour hand, you can tell what hour it is and roughly what minute, but the minute reading will be very imprecise. If the clock only has the minute hand, you can read the minutes very precisely, but you lose track of the larger context - specifically, which hour you're in. This 'modular' measurement sacrifices some global information in exchange for much finer detail.

"By applying this strategy in quantum systems, we can measure the changes in both position and momentum of a particle far more precisely," said first author Dr Christophe Valahu from the Quantum Control Laboratory team at the University of Sydney. "We give up global information but gain the ability to detect tiny changes with unprecedented sensitivity."

Quantum computing tools for a new sensing protocol

This strategy was outlined theoretically in 2017. Here, Dr Tan's team performed the first experimental demonstration by using a technological approach they had previously developed for error-corrected quantum computers, a result recently published in Nature Physics.




"It's a neat crossover from quantum computing to sensing," said co-author Professor Nicolas Menicucci, a theorist from RMIT University. "Ideas first designed for robust quantum computers can be repurposed so that sensors pick up weaker signals without being drowned out by quantum noise.

The Sydney team implemented the sensing protocol using the tiny vibrational motion of a trapped ion - the quantum equivalent of a pendulum. They prepared the ion in "grid states," a kind of quantum state originally developed for error-corrected quantum computing. With this, they showed that both position and momentum can be measured together with precision beyond the 'standard quantum limit' - the best achievable using only classical sensors.

"We haven't broken Heisenberg's principle. Our protocol works entirely within quantum mechanics," said Dr Ben Baragiola, co-author from RMIT. "The scheme is optimised for small signals, where fine details matter more than coarse ones.

Why it matters

The ability to detect extremely small changes is important across science and technology. Ultra-precise quantum sensors could sharpen navigation in environments where GPS doesn't work (such as submarines, underground or spaceflight); enhance biological and medical imaging; monitor materials and gravitational systems; or probe fundamental physics.

While still at the laboratory stage, the experiment demonstrates a new framework for future sensing technologies targeted towards measuring tiny signals. Rather than replacing existing approaches, it adds a complementary tool to the quantum-sensing toolbox.




"Just as atomic clocks transformed navigation and telecommunications, quantum-enhanced sensors with extreme sensitivity could enable whole new industries," said Dr Valahu.

A collaborative effort

This project united experimentalists at the University of Sydney with theorists at RMIT, the University of Melbourne, Macquarie University and the University of Bristol in Britain. It shows how collaboration across institutions and borders can accelerate progress and strengthen Australia's quantum research community.

"This work highlights the power of collaboration and the international connections that drive discovery," Dr Tan said.
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The accidental discovery that forged the Iron Age | ScienceDaily
Research from Cranfield University sheds new light onto the transition from the Bronze Age to the Iron Age, showing how experimentation with iron-rich rocks by copper smelters may have sparked the invention of iron.


						
The work reanalyzed metallurgical remains from a site in southern Georgia: a 3000-year-old smelting workshop called Kvemo Bolnisi. During the original analysis in the 1950s, piles of hematite (an iron oxide mineral) and slag (a waste product of the metal production) were found in the workshop. Finding those iron oxides, the original excavators thought the workshop was an early iron smelting site.

However, new research shows that those assumptions were wrong. Rather than iron, workers at Kvemo Bolnisi were smelting copper using iron oxide as a flux -- a substance added into the furnace to increase the resulting copper yield.

These discoveries give weight to a long-discussed theory that iron was invented by copper smelters. This evidence shows that ancient copper metalworkers experimented with iron-bearing materials in a metallurgical furnace, which was a crucial step towards iron smelting.

The importance of iron

While the Iron Age marked the beginnings of widespread iron production, the metal itself wasn't a new discovery. Iron artifacts have been found dating from the Bronze Age, most famously an iron dagger with a gold and rock crystal hilt from the tomb of Egyptian king Tutankhamun. But the earliest iron objects were forged from naturally occurring metallic iron found in meteorites, not extracted from iron ore through smelting. That rarity meant iron was, at that point in history, more valuable than gold.

The development of extractive iron metallurgy changed all this. Iron is one of the most abundant elements on Earth, even though naturally occurring iron metal is very rare. The ability to extract iron from iron ore and work it into useful materials such as tools or weapons is one of the defining technological transformations in human history. The transition into the Iron Age was far from instantaneous, but it gave rise to the iron-wielding armies of Assyria and Rome and later the railroads and steel-frame buildings of the industrial revolution.




Dr Nathaniel Erb-Satullo, Visiting Fellow in Archaeological Science at Cranfield University, said: "Iron is the world's quintessential industrial metal, but the lack of written records, iron's tendency to rust, and a lack of research on iron production sites has made the search for its origins challenging.

"That's what makes this site at Kvemo Bolnisi so exciting. It's evidence of intentional use of iron in the copper smelting process. That shows that these metalworkers understood iron oxide -- the geological compounds that would eventually be used as ore for iron smelting -- as a separate material and experimented with its properties within the furnace. Its use here suggests that this kind of experimentation by copper-workers was crucial to development of iron metallurgy.

"There's a beautiful symmetry in this kind of research, in that we can use the techniques of modern geology and materials science to get into the minds of ancient materials scientists. And we can do all this through the analysis of slag -- a mundane waste material that looks like lumps of funny-looking rock."

The research was supported by grants from the British Institute of Ankara, the Gerda Henkel Foundation, and the American Research Institute of the South Causcasus. The research paper Iron in copper metallurgy at the dawn of the Iron Age: Insights on iron invention from a mining and smelting site in the Caucasus is published in the Journal of Archaeological Science.
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Why "dry" oil wells aren't really empty | ScienceDaily
A common problem with oil wells is that they can run dry even when sound-based measurements say there's still oil there. A team from Penn State University used PSC's flagship Bridges-2 supercomputer to add a time dimension to these seismic measurements, as well as to analyze how oil damps down the loudness of sound traveling through it. Their preliminary analysis suggests that hidden rock structures in oil reserves prevent all the oil from being pumped out. They're now scaling up their work to tackle realistically sized oil fields.


						
Why It's Important

Given all the complexity of finding oil in more remote and deeper locations, we need to drill smarter. Waste was always expensive, but today it's particularly important to be as clean and efficient as oil and gas extraction can be.

Experts use the movement of sound through the Earth to spot where oil deposits should be. Those measurements also tell us the approximate size of a given reserve. Still, it's common for a well to go dry after only a fraction of its suspected oil has been pumped out. Penn State's Tieyuan Zhu and his students and postdoctoral fellows wanted to understand why that is -- and to develop more accurate measurements of how much oil a given well will actually produce.

"We actually tested ... data from the North Sea. You know, they started drilling in 2008 and based on their estimation ... they could produce oil for 20 years, 30 years. But unfortunately, after two years, there was nothing. Their well is dry. They just got confused. Where is the oil? Gone? The big issue actually is the complexity of the geology in the reservoir." -- Tieyuan Zhu, Penn State

The team's approach, studying more aspects of the data from sound measurements than previously employed, would require more computing power. Also, they would need large memory to store parts of the problem in the computer's processors without time-costly trips back to data storage. PSC's NSF-funded Bridges-2 was the answer to this problem, thanks to an allocation from ACCESS, the NSF network of computing sites.

How PSC Helped

Oil doesn't sit in pools underground. When it's present, it's soaked into porous rock. Solid rock transmits sound more readily than oil-drenched rock. So experts can spot oil reserves by the way they slow down sound traveling through them. Much like a medical ultrasound, these seismic methods produce 3D images of where that oil-sodden rock sits.




Despite those sophisticated maps, though, wells drilled based on those images often come up short. Zhu's team reasoned that there were literally parts of the picture that the 3D imaging wasn't capturing. They suspected that obtaining images of the same reserves on different dates -- adding time to create a kind of 4D animation -- would help build a more accurate picture.

Another piece of the puzzle would be to include more features of the seismic data in the analysis. Previously, oil reserves were spotted by the longer amount of time it takes sound to move through them. To this time data, the Penn State scientists added the amplitude of the signal -- how oil damped out its loudness.

This all posed computational problems. The computer would need lots of fast processors to crunch the calculations in a reasonable amount of time. But it would also need to temporarily store parts of the problem in its memory -- like RAM in a laptop -- so that it didn't need to keep going back to read the stored data, which slows everything down. Bridges-2, with over a thousand powerful central processing units (CPUs) in its regular memory nodes, could provide the speed. It could also provide the memory, as its CPU nodes each feature between 256 and 512 gigabytes of RAM -- eight to 16 times as much as a high-end gaming laptop.

"We have two postdocs and also one graduate student using Bridges-2 ... the first phase of using Bridges-2 was to parallelize our research code ... and make it more practical ... The second phase is really to implement the code to the field data ... PSC guaranteed me a hundred thousand computing hours, and also the memory to store my data, my field data ... That just cannot be achieved with our local [resources]." -- Tieyuan Zhu, Penn State

The team's repeated measurements and expanded analysis yielded paydirt. They found that the images mapped out by time alone, in a single measurement, missed structures within the oil reserve. Some of these structures, such as a layer of more solid rock within the reserve, wouldn't affect the speed of the sound enough to be detected. But it would prevent a well from sucking up the oil below it. The solution, in some cases, was simple. Drill a little deeper, and the rest of the oil would be accessible. The scientists reported their results in the journal Geophysics in September, 2024, with a more extensive result in the same journal in April, 2025.

The current report was just a proof of concept for their approach in a limited geological area, about 9 square miles. Currently, the team is expanding their computations to more nodes, so that the method can produce accurate maps for much larger areas, dozens of square miles. Another option Zhu's group may explore in scaling up their work is using Bridges-2's extreme memory nodes, which have 4,000 gigabytes of RAM apiece.
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Quantum chips just proved they're ready for the real world | ScienceDaily
UNSW Sydney nano-tech startup Diraq has shown its quantum chips aren't just lab-perfect prototypes - they also hold up in real-world production, maintaining the 99% accuracy needed to make quantum computers viable.


						
Diraq, a pioneer of silicon-based quantum computing, achieved this feat by teaming up with European nanoelectronics institute Interuniversity Microelectronics Centre (imec). Together they demonstrated the chips worked just as reliably coming off a semiconductor chip fabrication line as they do in the experimental conditions of a research lab at UNSW.

UNSW Engineering Professor Andrew Dzurak, who is the founder and CEO of Diraq, said up until now it hadn't been proven that the processors' lab-based fidelity - meaning accuracy in the quantum computing world - could be translated to a manufacturing setting.

"Now it's clear that Diraq's chips are fully compatible with manufacturing processes that have been around for decades."

In a paper published on Sept. 24 in Nature, the teams report that Diraq-designed, imec-fabricated devices achieved over 99% fidelity in operations involving two quantum bits - or 'qubits'. The result is a crucial step towards Diraq's quantum processors achieving utility scale, the point at which a quantum computer's commercial value exceeds its operational cost. This is the key metric set out in the Quantum Benchmarking Initiative, a program run by the United States' Defense Advanced Research Projects Agency (DARPA) to gauge whether Diraq and 17 other companies can reach this goal.

Utility-scale quantum computers are expected to be able to solve problems that are out of reach of the most advanced high-performance computers available today. But breaching the utility-scale threshold requires storing and manipulating quantum information in millions of qubits to overcome the errors associated with the fragile quantum state.

"Achieving utility scale in quantum computing hinges on finding a commercially viable way to produce high-fidelity quantum bits at scale," said Prof. Dzurak.




"Diraq's collaboration with imec makes it clear that silicon-based quantum computers can be built by leveraging the mature semiconductor industry, which opens a cost-effective pathway to chips containing millions of qubits while still maximizing fidelity."

Silicon is emerging as the front-runner among materials being explored for quantum computers - it can pack millions of qubits onto a single chip and works seamlessly with today's trillion-dollar microchip industry, making use of the methods that put billions of transistors onto modern computer chips.

Diraq has previously shown that qubits fabricated in an academic laboratory can achieve high fidelity when performing two-qubit logic gates, the basic building block of future quantum computers. However, it was unclear whether this fidelity could be reproduced in qubits manufactured in a semiconductor foundry environment.

"Our new findings demonstrate that Diraq's silicon qubits can be fabricated using processes that are widely used in semiconductor foundries, meeting the threshold for fault tolerance in a way that is cost-effective and industry-compatible," Prof. Dzurak said.

Diraq and imec previously showed that qubits manufactured using CMOS processes - the same technology used to build everyday computer chips - could perform single-qubit operations with 99.9% accuracy. But more complex operations using two qubits that are critical to achieving utility scale had not yet been demonstrated.

"This latest achievement clears the way for the development of a fully fault-tolerant, functional quantum computer that is more cost effective than any other qubit platform," Prof. Dzurak said.
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Mysterious "quantum echo" in superconductors could unlock new tech | ScienceDaily
Scientists at the U. S. Department of Energy Ames National Laboratory and Iowa State University have discovered an unexpected "quantum echo" in a superconducting material. This discovery provides insight into quantum behaviors that could be used for next-generation quantum sensing and computing technologies.


						
Superconductors are materials that carry electricity without resistance. Within these superconductors are collective vibrations known as "Higgs modes." A Higgs mode is a quantum phenomenon that occurs when its electron potential fluctuates in a similar way to a Higgs boson. They appear when a material is undergoing a superconducting phase transition.

Observing these vibrations has been a long-time challenge for scientists because they exist for a very short time. They also have complex interactions with quasiparticles, which are electron-like excitations that emerge from the breakdown of superconductivity.

However, using advanced terahertz (THz) spectroscopy techniques, the research team discovered a novel type of quantum echo, called the "Higgs echo," in superconducting niobium materials used in quantum computing circuits.

"Unlike conventional echoes observed in atoms or semiconductors, the Higgs echo arises from a complex interaction between the Higgs modes and quasiparticles, leading to unusual signals with distinct characteristics," explained Jigang Wang, a scientist at Ames Lab and lead of the research team.

According to Wang, the Higgs echo can remember and reveal hidden quantum pathways within the material. By using precisely timed pulses of THz radiation, his team was able to observe these echoes. Using these THz radiation pulses, they can also use the echoes to encode, store, and retrieve quantum information embedded within this superconducting material.

This research demonstrates the ability to control and observe quantum coherence in superconductors and paves the way for potential new methods of quantum information storage and processing.

"Understanding and controlling these unique quantum echoes brings us a step closer to practical quantum computing and advanced quantum sensing technologies," said Wang.

This project was partially supported through the Superconducting Quantum Materials and Systems Center (SQMS).
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Could your smartphone detect mental health risks before you notice them? | ScienceDaily
Data passively collected from cell phone sensors can identify behaviors associated with a host of mental health disorders, from agoraphobia to generalized anxiety disorder to narcissistic personality disorder. New findings show that the same data can identify behaviors associated with a wider array of mental disorder symptoms.


						
Colin E. Vize, assistant professor in the Department of Psychology in Pitt's Kenneth P. Dietrich School of Arts and Sciences, is co-PI on this research, which broadens the scope of how clinicians might one day use this data to treat their patients.

The work was led by first author Whitney Ringwald (SOC WK '18G, A&S '21G), professor at the University of Minnesota who completed her graduate training at Pitt. Also on their team were former Pitt Professor Aiden Wright, now at the University of Michigan, and Grant King, one of Wright's graduate students.

"This is an important step in the right direction," Vize said, "but there is a lot of work to be done before we can potentially realize any of the clinical promises of using sensors on smartphones to help inform assessment and treatment."

In theory, an app that could make use of such data would give clinicians access to substantially more, and more reliable, data about their patients' lives between visits.

"We're not always the best reporters, we often forget things," Vize said of filling out self-assessments. "But with passive sensing, we might be able to collect data unobtrusively, as people are going about their daily lives, without having to ask a lot of questions."

As the first steps to realizing such a tool, researchers investigated whether they could infer if people were behaving in ways associated with certain mental health conditions. Previous research has connected passive sensor readings with behaviors that point to specific illnesses, including depression and post-traumatic stress disorder. This new work, published July 3 in the journal JAMA Network Open, expands upon that research, showing that it can be linked to symptoms that are not specific to any one mental health condition.




This is important, Vize said, because many behaviors are associated with more than one disorder, and different people with the same disorder can look, act and feel very differently.

"The disorder categories tend to not carve nature at its joints," he said. "We can think more transdiagnostically, and that gives us a little more accurate picture of some of the symptoms that people are experiencing."

For this study, Vize and a team of researchers used a statistical analysis tool called Mplus to find correlations between sensor data and mental health symptoms reported at baseline. The scientists then had to determine whether sensor data correlated with a set of broad, evidence-based symptom dimensions: internalizing, detachment, disinhibition, antagonism, thought disorder and somatoform, or unexplained physical symptoms.

In addition to the six dimensions, they also looked at what has been called the p-factor. This is not a specific behavior or symptom, rather it represents an ineffable, shared feature that runs across all kinds of mental health symptoms.

"You can think about it sort of like a Venn diagram," Vize said. If all the symptoms associated with all mental health issues were circles, the p-factor is the space where they all overlap. It is not a behavior in and of itself. "It's essentially what's shared across all dimensions."

The researchers made use of the Intensive Longitudinal Investigation of Alternative Diagnostic Dimensions study (ILIADD), which was conducted in Pittsburgh in the spring of 2023. From ILIADD, they analyzed the data of 557 people who had filled out self-assessments and shared data from their cell phones, including (but not limited to):
    	GPS data that indicated how long people stayed home and the maximum distance they traveled from home
    	Time spent walking, running and stationary
    	How long their screens were on
    	How many calls they received and made
    	Battery status
    	Sleep time

Using an app developed by researchers at the University of Oregon, the team was able to relate the sensor data to various mental health symptoms. Comparing the app's findings to questionnaires filled out by participants, Vize and team determined that the six dimensions of mental health symptoms, which reflect symptoms represented among many disorders, did correlate to the sensor data.




Interestingly, they also found sensor data correlated to the p-factor, a general marker of mental health problems. The implications of these findings are several-fold -- ultimately, it may one day be possible to use this kind of technology to better understand symptoms in a patient whose presentation doesn't fit the category of any single disorder.

But for now, these data do not say anything about individuals' mental health; they deal in averages. Mental health is complex. Behavior varies wildly. "These sensor analyses may more accurately describe some people than others."

That's one of the reasons Vize doesn't see this kind of technology ever replacing a human clinician. "A lot of work in this area is focused on getting to the point where we can talk about, 'How does this potentially enhance or supplement existing clinical care?'

"Because I definitely don't think it can replace treatment. It would be more of an additional tool in the clinician's toolbox."
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This new camera sees the invisible in 3D without lenses | ScienceDaily
Researchers have used the centuries-old idea of pinhole imaging to create a high-performance mid-infrared imaging system without lenses. The new camera can capture extremely clear pictures over a large range of distances and in low light, making it useful for situations that are challenging for traditional cameras.


						
"Many useful signals are in the mid-infrared, such as heat and molecular fingerprints, but cameras working at these wavelengths are often noisy, expensive or require cooling," said research team leader Heping Zeng from East China Normal University. "Moreover, traditional lens-based setups have a limited depth of field and need careful design to minimize optical distortions. We developed a high-sensitivity, lens-free approach that delivers a much larger depth of field and field of view than other systems."

In Optica, Optica Publishing Group's journal for high-impact research, the researchers describe how they use light to form a tiny "optical pinhole" inside a nonlinear crystal, which also turns the infrared image into a visible one. Using this setup, they acquired clear mid-infrared images with a depth of field of over 35 cm and a field of view of more than 6 cm. They were also able to use the system to acquire 3D images.

"This approach can enhance night-time safety, industrial quality control and environmental monitoring," said research team member Kun Huang from East China Normal University. "And because it uses simpler optics and standard silicon sensors, it could eventually make infrared imaging systems more affordable, portable and energy efficient. It can even be applied with other spectral bands such as the far-infrared or terahertz wavelengths, where lenses are hard to make or perform poorly."

Pinhole imaging reimagined

Pinhole imaging is one of the oldest image-making methods, first described by the Chinese philosopher Mozi in the 4th century BC. A traditional pinhole camera works by letting light pass through a tiny hole in a lightproof box, projecting an inverted image of the outside scene onto the opposite surface inside. Unlike lens-based imaging, pinhole imaging avoids distortion, has an infinite depth of field and works across a wide range of wavelengths.

To bring these advantages to a modern infrared imaging system, the researchers used an intense laser to form an optical hole, or artificial aperture, inside a nonlinear crystal. Because of its special optical properties, the crystal converts the infrared image into visible light, so that a standard silicon camera can record it.




The researchers say that the use of a specially designed crystal with a chirped-period structure, which can accept light rays from a broad range of directions, was key to achieving a large field of view. Also, the upconversion detection method naturally suppresses noise, which allows it to work even in very low light conditions.

"Lensless nonlinear pinhole imaging is a practical way to achieve distortion-free, large-depth, wide-field-of-view mid-infrared imaging with high sensitivity," said Huang. "The ultrashort synchronized laser pulses also provide a built-in ultrafast optical time gate that can be used for sensitive, time-of-flight depth imaging, even with very few photons."

After figuring out that an optical pinhole radius of about 0.20 mm produced sharp, well-defined details, the researchers used this aperture size to image targets that were 11 cm, 15 cm and 19 cm away. They achieved sharp imaging at the mid-infrared wavelength of 3.07 mm, across all the distances, confirming a large depth range. They were also able to keep images sharp for objects placed up to 35 cm away, demonstrating a large depth of field.

3D imaging without lenses

The investigators then used their setup for two types of 3D imaging. For 3D time-of-flight imaging, they imaged a matte ceramic rabbit by using synchronized ultrafast pulses as an optical gate and were able to reconstruct the 3D shape with micron-level axial precision. Even when the input was reduced to about 1.5 photons per pulse -- simulating very low-light conditions -- the method still produced 3D images after correlation-based denoising.

They also performed two-snapshot depth imaging by taking two pictures of a stacked "ECNU" target at slightly different object distances and using those to calculate the true sizes and depths. With this method, they were able to measure the depth of the objects over a range of about 6 centimeters, without using complex pulsed timing techniques.

The researchers note that the mid-infrared nonlinear pinhole imaging system is still a proof-of-concept that requires a relatively complex and bulky laser setup. However, as new nonlinear materials and integrated light sources are developed, the technology should become far more compact and easier to deploy.

They are now working to make the system faster, more sensitive and adaptable to different imaging scenarios. Their plans include boosting conversion efficiency, adding dynamic control to reshape the optical pinhole for different scenes, and extending the camera's operation across a wider mid-infrared range.
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Biochar's secret power could change clean water forever | ScienceDaily

The Electron Ninja: Biochar's Secret Power

The secret lies in electron transfer -- a natural ability of biochar that's been overlooked for years. Think of it like this: instead of just catching a bad guy (adsorption), biochar can now take them down on its own (direct degradation). Using advanced electrochemical tests, quantification methods, and correlation analysis, the team proved that biochar actively breaks down organic pollutants through direct electron transfer -- without needing extra chemicals. In their experiments, direct degradation accounted for up to 40% +- 10% of the total pollutant removal. That's almost half the cleaning power coming straight from the biochar itself!

What Makes Biochar So Electric?

Not all biochar is created equal. The team discovered that three key features supercharge its electron power:
    	C-O and O-H functional groups - the "handholds" for electron transfer
    	Graphitic carbon structure - the "highway" for electrons to travel fast The better the structure, the more electrons flow, and the faster pollutants vanish.

Even after five reuse cycles, the biochar kept its direct degradation power -- nearly 100% stable. That's sustainability with stamina.

Why This Changes Everything

This study flips the script on how we use biochar in wastewater treatment. It's not just a passive filter or a sidekick catalyst -- it's an active pollutant destroyer.




This means:
    	Fewer chemicals needed in water treatment plants
    	Lower costs and less sludge
    	Greener, smarter purification for industries and communities

"Biochar has been underestimated," says Dr. Gao. "It's not just a sponge -- it's a battery, a conductor, and a degrader all in one. We're just beginning to tap into its true potential."

A New Era for Environmental Engineering

With industrial pollution still a global challenge, discoveries like this are more than just lab wins -- they're blueprints for a cleaner future. By clarifying the difference between adsorption, direct degradation, and indirect (catalytic) degradation, this research paves the way for smarter, more efficient biochar design -- custom-built for real-world water crises. And at the heart of it all is Dalian University of Technology, shining as a hub of innovation in environmental science and industrial ecology.

Ready to Rethink "Clean"?

Next time you hear "biochar," don't just think "carbon-rich charcoal." Think electron-powered eco-warrior -- silently zapping pollutants, one electron at a time. Kudos to Dr. Yuan Gao and the DUT team for pushing the boundaries of green tech. Stay tuned, stay curious, and let's keep turning science into solutions -- for cleaner water, healthier ecosystems, and a more sustainable world.
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Toxic waste could become the next clean energy breakthrough | ScienceDaily
A sticky, toxic by-product that has long plagued renewable energy production may soon become a valuable resource, according to a new review published in Biochar.


						
When biomass such as crop residues, wood, or other organic matter is heated to produce clean energy and biochar, it also generates a thick liquid known as bio-tar. This tar easily clogs pipelines, damages equipment, and poses environmental risks if released into the atmosphere. For decades, researchers have sought ways to eliminate or neutralize it.

Now, a team led by scientists at the Chinese Academy of Agricultural Sciences argues that instead of being treated as waste, bio-tar can be converted into "bio-carbon" -- a novel material with applications ranging from water purification to clean energy storage.

"Our review highlights how turning bio-tar into bio-carbon not only solves a technical problem for the bioenergy industry, but also opens the door to producing advanced carbon materials with high economic value," said senior author Dr. Zonglu Yao.

The review examines how chemical reactions inside bio-tar, particularly those involving oxygen-rich compounds like carbonyls and furans, naturally promote polymerization -- processes where small molecules link together to form larger, more stable carbon structures. By carefully adjusting temperature, reaction time, and additives, researchers can harness this process to produce bio-carbon with tailored properties.

The resulting material, the authors note, is distinct from ordinary biochar. Bio-carbon typically has higher carbon content, lower ash, and unique structural features that make it especially suited for advanced uses. Early studies suggest that bio-carbon could serve as:
    	Adsorbents to clean polluted water and air by trapping heavy metals and organic contaminants.
    	Electrode materials for next-generation supercapacitors, which are vital for renewable energy storage.
    	Catalysts that speed up industrial chemical reactions more sustainably than traditional fossil-based options.
    	Clean-burning fuels with lower emissions of harmful nitrogen and sulfur oxides.

Importantly, recent economic and life-cycle assessments suggest that converting bio-tar into bio-carbon can deliver net-positive energy, financial, and environmental benefits. For example, replacing coal with bio-carbon fuels could cut carbon dioxide emissions by hundreds of millions of tons annually, while also generating profits for biomass processing plants.

Still, challenges remain. The chemical complexity of bio-tar makes it difficult to fully control the polymerization process, and large-scale production has not yet been achieved. The authors recommend combining laboratory experiments with computer simulations and machine learning to optimize reaction pathways and design bio-carbon with specific functions.

"Bio-tar polymerization is not just about waste treatment -- it represents a new frontier for creating sustainable carbon materials," said first author Yuxuan Sun. "With further research, this approach could significantly improve the efficiency of biomass energy systems while providing new tools for environmental protection and clean technology."

The study provides a roadmap for scientists and industry partners to turn one of bioenergy's biggest obstacles into a powerful resource for the future.
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Hidden galaxy bursting with baby stars, X-ray fireworks, and cosmic energy | ScienceDaily
While it may appear unassuming at first glance, just another spiral galaxy among thousands in the Universe, this subject of this Hubble Picture of the Week has plenty to study. NGC 7456 is its name, located over 51 million light-years away in the constellation Grus (the Crane).


						
In this image we see in fine detail the patchy spiral arms of this galaxy, followed by clumps of dark, obscuring dust. Blossoms of glowing pink are rich reservoirs of gas where new stars are forming, illuminating the clouds around them and causing the gas to emit this tell-tale red light. The Hubble program which collected this data is focused on stellar activity just like this, tracking new stars, clouds of hydrogen and star clusters to learn how the galaxy has evolved through time.

Hubble, with its ability to capture visible, ultraviolet and some infrared light, is not the only observatory focused on NGC 7456. ESA's XMM-Newton satellite has imaged X-rays from the galaxy on multiple occasions, discovering a number of so-called ultraluminous X-ray sources. These small, compact objects emit terrifically powerful X-rays, much more than would be expected for their size. Astronomers are still trying to pin down what powers these extreme objects, and NGC 7456 contributes a few more examples.

On top of that, the region around the galaxy's supermassive black hole is spectacularly bright and energetic, making NGC 7456 an active galaxy. Whether looking at its core or its outskirts, at visible light or X-rays, this galaxy has something interesting to show!
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The quantum internet just went live on Verizon's network | ScienceDaily
In a first-of-its-kind experiment, engineers at the University of Pennsylvania brought quantum networking out of the lab and onto commercial fiber-optic cables using the same Internet Protocol (IP) that powers today's web. Reported in Science, the work shows that fragile quantum signals can run on the same infrastructure that carries everyday online traffic. The team tested their approach on Verizon's campus fiber-optic network.


						
The Penn team's tiny "Q-chip" coordinates quantum and classical data and, crucially, speaks the same language as the modern web. That approach could pave the way for a future "quantum internet," which scientists believe may one day be as transformative as the dawn of the online era.

Quantum signals rely on pairs of "entangled" particles, so closely linked that changing one instantly affects the other. Harnessing that property could allow quantum computers to link up and pool their processing power, enabling advances like faster, more energy-efficient AI or designing new drugs and materials beyond the reach of today's supercomputers.

Penn's work shows, for the first time on live commercial fiber, that a chip can not only send quantum signals but also automatically correct for noise, bundle quantum and classical data into standard internet-style packets, and route them using the same addressing system and management tools that connect everyday devices online.

"By showing an integrated chip can manage quantum signals on a live commercial network like Verizon's, and do so using the same protocols that run the classical internet, we've taken a key step toward larger-scale experiments and a practical quantum internet," says Liang Feng, Professor in Materials Science and Engineering (MSE) and in Electrical and Systems Engineering (ESE), and the Science paper's senior author.

The Challenges of Scaling the Quantum Internet

Erwin Schrodinger, who coined the term "quantum entanglement," famously related the concept to a cat hidden in a box. If the lid is closed, and the box also contains radioactive material, the cat could be alive or dead. One way to interpret the situation is that the cat is both alive and dead. Only opening the box confirms the cat's state.




That paradox is roughly analogous to the unique nature of quantum particles. Once measured, they lose their unusual properties, which makes scaling a quantum network extremely difficult.

"Normal networks measure data to guide it towards the ultimate destination," says Robert Broberg, a doctoral student in ESE and coauthor of the paper. "With purely quantum networks, you can't do that, because measuring the particles destroys the quantum state."

Coordinating Classical and Quantum Signals

To get around this obstacle, the team developed the "Q-Chip" (short for "Quantum-Classical Hybrid Internet by Photonics") to coordinate "classical" signals, made of regular streams of light, and quantum particles. "The classical signal travels just ahead of the quantum signal," says Yichi Zhang, a doctoral student in MSE and the paper's first author. "That allows us to measure the classical signal for routing, while leaving the quantum signal intact."

In essence, the new system works like a railway, pairing regular light locomotives with quantum cargo. "The classical 'header' acts like the train's engine, while the quantum information rides behind in sealed containers," says Zhang. "You can't open the containers without destroying what's inside, but the engine ensures the whole train gets where it needs to go."

Because the classical header can be measured, the entire system can follow the same "IP" or "Internet Protocol" that governs today's internet traffic. "By embedding quantum information in the familiar IP framework, we showed that a quantum internet could literally speak the same language as the classical one," says Zhang. "That compatibility is key to scaling using existing infrastructure."

Adapting Quantum Technology to the Real World




One of the greatest challenges to transmitting quantum particles on commercial infrastructure is the variability of real-world transmission lines. Unlike laboratory environments, which can maintain ideal conditions, commercial networks frequently encounter changes in temperature, thanks to weather, as well as vibrations from human activities like construction and transportation, not to mention seismic activity.

To counteract this, the researchers developed an error-correction method that takes advantage of the fact that interference to the classical header will affect the quantum signal in a similar fashion. "Because we can measure the classical signal without damaging the quantum one," says Feng, "we can infer what corrections need to be made to the quantum signal without ever measuring it, preserving the quantum state."

In testing, the system maintained transmission fidelities above 97%, showing that it could overcome the noise and instability that usually destroy quantum signals outside the lab. And because the chip is made of silicon and fabricated using established techniques, it could be mass produced, making the new approach easy to scale.

"Our network has just one server and one node, connecting two buildings, with about a kilometer of fiber-optic cable installed by Verizon between them," says Feng. "But all you need to do to expand the network is fabricate more chips and connect them to Philadelphia's existing fiber-optic cables."

The Future of the Quantum Internet

The main barrier to scaling quantum networks beyond a metro area is that quantum signals cannot yet be amplified without destroying their entanglement.

While some teams have shown that "quantum keys," special codes for ultra-secure communication, can travel long distances over ordinary fiber, those systems use weak coherent light to generate random numbers that cannot be copied, a technique that is highly effective for security applications but not sufficient to link actual quantum processors.

Overcoming this challenge will require new devices, but the Penn study provides an important early step: showing how a chip can run quantum signals over existing commercial fiber using internet-style packet routing, dynamic switching and on-chip error mitigation that work with the same protocols that manage today's networks.

"This feels like the early days of the classical internet in the 1990s, when universities first connected their networks," says Broberg. "That opened the door to transformations no one could have predicted. A quantum internet has the same potential."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and was supported by the Gordon and Betty Moore Foundation (GBMF12960 and DOI 10.37807), Office of Naval Research (N00014-23-1-2882), National Science Foundation (DMR-2323468), Olga and Alberico Pompa endowed professorship, and PSC-CUNY award (ENHC-54-93).

Additional co-authors include Alan Zhu, Gushi Li and Jonathan Smith of the University of Pennsylvania, and Li Ge of the City University of New York.
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Scientists unveil breakthrough pixel that could put holograms on your smartphone | ScienceDaily
New research from the University of St Andrews paves the way for holographic technology, with the potential to transform smart devices, communication, gaming and entertainment.


						
In a study published recently in Light, Science and Application, researchers from the school of Physics and Astronomy created a new optoelectronic device from the combined use of Holographic Metasurfaces (HMs) and Organic Light Emmitting Diodes (OLEDs).

Until now, holograms have are created using lasers, however researchers have found  that using OLEDs and HMs gives a simpler and more compact approach that is potentially cheaper and easier to apply, overcoming the main barriers to hologram technology being used more widely.

Organic light-emitting diodes are thin film devices widely used to make the colored pixels in mobile phone displays and some TVs. As a flat and surface-emitting light source, OLEDs are also used in emerging applications such as optical wireless communications, biophotonics and sensing, where the ability to integrate with other technologies makes them good candidates to realize miniaturized light-based platforms.

A holographic metasurface is a thin, flat array of tiny structures called meta-atoms - the size of roughly a thousand of the width of a strand of hair - they are designed to manipulate light's properties. They can make holograms and their uses span diverse fields, such as data storage, anti-counterfeiting, optical displays, high numerical aperture lenses - for example optical microscopy, and sensing.

This, however, is the first time both have been used together to produce the basic building block of a holographic display.

Researchers found that when each meta- atom is carefully shaped to control the properties of the beam of light that goes through it, it behaves as a pixel of the HM. When light goes through the HM, at each pixel, the properties of the light are slightly modified.




Thanks to these modifications, it is possible to create a pre-designed image on the other side, exploiting the principle of light interference, whereby light waves create complicated patterns when they interact with each other.

Professor Ifor Samuel, from the School of Physics and Astronomy, said: "We are excited to demonstrate this new direction for OLEDs.  By combining OLEDs with metasurfaces, we also open a new way of generating holograms and shaping light."

Andrea Di Falco, professor in nano-photonics at the School of Physics and Astronomy, said: "Holographic metasurfaces are one of the most versatile material platforms to control light. With this work, we have removed one of the technological barriers that prevent the adoption of metamaterials in everyday applications. This breakthrough will enable a step change in the architecture of holographic displays for emerging applications, for example, in virtual and augmented reality."

Professor Graham Turnbull, from the School of Physics and Astronomy, said: "OLED displays normally need thousands of pixels to create a simple picture. This new approach allows a complete image to be projected from a single OLED pixel!"

Until now, researchers could only make very simple shapes with OLEDs, which limited their usability in some applications. However, this breakthrough provides a path toward a miniaturized and highly integrated metasurface display.
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The surprising new particle that could finally explain dark matter | ScienceDaily
Dark Matter remains one of the biggest mysteries in fundamental physics. Many theoretical proposals (axions, WIMPs) and 40 years of extensive experimental search failed to provide any explanation of the nature of Dark Matter. Several years ago, in a theory unifying particle physics and gravity, new, radically different Dark Matter candidates were proposed, superheavy charged gravitinos. Very recent paper in Physical Review Research by scientists from the University of Warsaw and Max Planck Institute for Gravitational Physics, shows how new underground detectors, in particular JUNO detector starting soon to take data, even though designed for neutrino physics, are also extremely well suited to eventually detect charged Dark Matter gravitinos. The simulations combining two fields, elementary particle physics and very advanced quantum chemistry, show that the gravitino signal in the detector should be unique and unambiguous.


						
In 1981 Murray Gell-Mann, Nobel Prize laureate for the introduction of quarks as fundamental constituents of matter, noticed the intriguing fact that the particles of the Standard Model, quarks and leptons, are contained in a theory formulated purely mathematically 2 years earlier, N=8 supergravity, distinguished by its maximal symmetry. N=8 supergravity contains, besides Standard Model matter particles of spin 1/2, also gravitational part: graviton (of spin 2) and 8 gravitinos of spin 3/2. If the Standard Model is indeed related to N=8 supergravity, the relation may possibly point to a path to solve the most difficult problem of fundamental theoretical physics -- unifying gravity with particle physics. N=8 supergravity in the spin 1/2 sector contains exactly 6 quarks (u,d,c,s,t,b) and 6 leptons (electron, muon, taon and neutrinos) and forbids the presence of any other matter particles. After 40 years of intensive accelerator research failing to discover any new matter particles the N=8 supergravity matter content is not only consistent with our knowledge but remains the only known theoretical explanation of the number of quarks and leptons in the Standard Model! However, direct connection of N=8 supergravity with the Standard Model had several drawbacks, the main one being that the electric charges of quarks and leptons were shifted by +-1/6 with respect to the known values, for example electron had charge -5/6 instead of -1. Several years ago Krzysztof Meissner from the Faculty of Physics at the University of Warsaw, Poland and Hermann Nicolai from the Max Planck Institute for Gravitational Physics (Albert Einstein Institute/AEI), Potsdam, Germany returned to the Gell-Mann's idea and were able to go beyond N=8 supergravity and modify the original proposal obtaining correct electric charges of the Standard Model matter particles. The modification is very far reaching pointing to an infinite symmetry K(E10), little known mathematically and replacing the usual symmetries of the Standard Model.

One of the surprising outcomes of the modification, described in papers in Physical Review Letters and Physical Review, is the fact that the gravitinos, presumably of the extremely large mass close to the Planck scale i.e. billion billion proton masses, are electrically charged: 6 of them have charge +-1/3 and 2 of them +-2/3. The gravitinos, even though they are extremally massive, cannot decay since there are no particles they could decay into. Meissner and Nicolai proposed therefore that 2 gravitinos of charge +-2/3 (the other 6 have much lower abundance) could be Dark Matter particles of very different kind than anything proposed so far. Namely, the widely advertized usual candidates, either extremely light like axions or intermediate (proton) mass like WIMPs (weakly interacting massive particles) were electrically neutral, in compatibility with the name 'Dark Matter'. However, after more than 40 years of intensive search by many different methods and devices no new particles beyond the Standard Model were detected.

However, gravitinos present a new alternative. Even though they are electrically charged, they can be Dark Matter candidates because being so massive they are extremely rare and therefore observationally 'do not shine on the sky' and avoid the very tight constraints on the charge of Dark Matter constituents. Moreover, the electric charge of gravitinos suggested a completely different way of trying to prove their existence. The original paper in 2024 in Eur. Phys. J. by Meissner and Nicolai pointed out that neutrino detectors, based on scintillators different from water, could be suitable for the detection of Dark Matter gravitinos. However, the search is made enormously difficult by their extreme rarity (presumably only one gravitino per 10,000 km3 in the Solar System), which is why there is no prospect of detection with currently available detectors. However, new giant, oil or liquid argon underground detectors, are either constructed or planned and realistic possibilities for searching for these particles are now opening up.

Among all detectors, the Chinese Jiangmen Underground Neutrino Observatory (JUNO) now under construction, seems predestined for such a search. It aims to determine the properties of neutrinos (actually antineutrinos) but since neutrinos interact extremely weakly with matter the detectors must have very large volumes. In the case of the JUNO detector, this means 20,000 tons of an organic, synthetic oil-like liquid, commonly used in chemical industry, with special additions, in a spherical vessel with a diameter of approximately 40 meters with more than 17 thousand photomultipliers around the sphere. JUNO is scheduled to begin measurements in the second half of 2025.

The recently published paper in Physical Review Research by Meissner and Nicolai, with collaborators Adrianna Kruk and Michal Lesiuk from the Faculty of Chemistry at the University of Warsaw, presents a detailed analysis of the specific signatures that events caused by gravitinos could produce at JUNO and in future liquid argon detectors such as the Deep Underground Neutrino Experiment (DUNE) in the United States. The paper describes not only the theoretical background both on the physics and chemistry sides but also very detailed simulation of the possible signatures as a function of the velocity and track of a gravitino traveling through the oil vessel. It required very advanced knowledge of quantum chemistry and intensive CPU-time consuming calculations. The simulations had to take into account many possible backgrounds - decay of radioactive C14 present in the oil, dark count rate and efficiency of photomultipliers, absorption of photons in oil etc. The simulations show that, with the appropriate software, passage of a gravitino through the detector will leave a unique signal impossible to be wrongly identified with a passage of any of the presently known particles. The analysis sets new standards in terms of interdisciplinarity by combining two different areas of research: theoretical and experimental elementary particle physics on one hand and very advanced methods of modern quantum chemistry on the other.

The detection of the superheavy gravitinos would be a major step forward in the search for a unified theory of gravity and particles. Since gravitinos are predicted to have masses on the order of the Planck mass, their detection would be the first direct indication of physics near the Planck scale and could thus provide valuable experimental evidence for a unification of all forces of nature.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Before they sucked blood, leeches were ocean hunters
        A 430-million-year-old fossil has rewritten leech history, showing they are at least 200 million years older than previously believed. Unlike today's bloodsucking leeches, their ancient ancestors likely hunted small marine animals using a tail sucker rather than piercing skin.

      

      
        1,000 Swiss glaciers already gone, and the melting is speeding up
        Swiss glaciers lost nearly 3% of their volume in 2025, following a snow-poor winter and scorching summer heatwaves. The melt has been so extreme that some glaciers lost more than two meters of ice thickness in a single season. Scientists caution that the decline is destabilizing mountains, raising risks of rock and ice avalanches. Long-term monitoring efforts are now more critical than ever.

      

      
        Saturn's icy moon Enceladus just revealed stunning new clues to life
        Fresh analysis of Cassini data has revealed new complex organic molecules inside ice grains spewing from Enceladus. These discoveries strengthen the case that the moon's underground ocean hosts chemistry similar to life's building blocks on Earth. Scientists now believe Enceladus could be habitable, and plans are underway for a European mission to sample its surface and jets.

      

      
        The billion-year reign of fungi that predated plants and made Earth livable
        Fungi may have shaped Earth's landscapes long before plants appeared. By combining rare gene transfers with fossil evidence, researchers have traced fungal origins back nearly a billion years earlier than expected. These ancient fungi may have partnered with algae, recycling nutrients, breaking down rock, and creating primitive soils. Far from being silent background players, fungi were ecosystem engineers that prepared Earth's surface for plants, fundamentally altering the course of life's histo...

      

      
        A plant compound might be the secret weapon against gum disease
        A team of researchers tested morin, a plant compound, against gum disease bacteria and found strong antimicrobial benefits. By encapsulating it in polymers, they created a powdered form for oral hygiene products. This could replace antibiotics, avoid side effects from existing treatments, and help vulnerable patients maintain oral health.

      

      
        Scientists just found the strongest signs of life on Mars yet
        Perseverance rover data shows Jezero Crater once held a calm lake, leaving behind mudstones rich in organic-linked minerals. The presence of iron-phosphate and iron-sulfide nodules suggests processes resembling microbial activity on Earth. Scientists caution that only Earth-based labs can confirm their true origin, but the samples collected may hold the strongest evidence yet of ancient Martian life.

      

      
        Black mamba venom has a deadly hidden second strike
        Scientists have uncovered a dangerous hidden feature in Black Mamba venom that explains why antivenoms sometimes fail. The study revealed that several mamba species launch a dual neurological attack, first causing limp paralysis and then unleashing painful spasms once treatment begins.

      

      
        Pollen holds a secret that could save honeybees
        Scientists have discovered that pollen is a hidden source of natural medicine for honeybees. Symbiotic bacteria called Streptomyces produce antimicrobial compounds that fight deadly bee and plant pathogens. Bees collect these bacteria along with pollen and store them in hives, creating a natural defense system. This could lead to new, sustainable ways of protecting both pollinators and crops.

      

      
        First living cochlea outside the body shows how hearing really works
        Scientists have kept a tiny slice of cochlea alive outside the body, directly witnessing how hair cells amplify sound. The finding confirms a universal principle of hearing and could pave the way for long-sought treatments for hearing loss.

      

      
        This tiny butterfly has the most chromosomes of any animal on Earth
        Scientists have confirmed that the Atlas blue butterfly carries the most chromosomes of any animal, with 229 pairs. Unlike duplication, its chromosomes split apart, reshaping its genome in surprising ways. This discovery sheds light on evolution, conservation, and even cancer research.

      

      
        Stunning images reveal how antibiotics shatter bacterial defenses
        Researchers have revealed how polymyxins, crucial last-resort antibiotics, break down bacterial armor by forcing cells to overproduce and shed it. Astonishingly, the drugs only kill bacteria when they're active, leaving dormant cells untouched. This discovery could explain recurring infections and inspire strategies to wake bacteria up before treatment.

      

      
        Fossils in germany reveal a Jurassic sea monster with a swordfish snout
        Scientists have named a new ichthyosaur, Eurhinosaurus mistelgauensis, from fossils found in Mistelgau, Germany. The marine reptile had a dramatic overbite similar to swordfish and unique skeletal traits that set it apart from other species. The discovery underscores Mistelgau's global significance as a Jurassic fossil site, with more studies underway to uncover how these animals lived and thrived.

      

      
        Miscarriages, down syndrome, and infertility all linked to this hidden DNA process
        Human fertility hinges on a delicate molecular ballet that begins even before birth. UC Davis researchers have uncovered how special protein networks safeguard chromosomes as eggs and sperm form, ensuring genetic stability across generations. Using yeast as a model, they revealed how crossovers between chromosomes are protected for decades in female eggs, preventing errors that could lead to infertility, miscarriage, or conditions like Down syndrome.

      

      
        The accidental discovery that forged the Iron Age
        Ancient copper smelters may have accidentally set the stage for the Iron Age. At a 3,000-year-old workshop in Georgia, researchers discovered that metalworkers were using iron oxide not to smelt iron but to improve copper yields. This experimentation shows how curiosity with materials could have sparked one of history's greatest technological leaps, turning iron from a rare celestial metal into the backbone of empires and industry.

      

      
        Scientists just found rare spores inside a fossil older than dinosaurs
        Scientists reclassified a long-misunderstood fossil from Brazil as a new genus, Franscinella riograndensis. Using advanced microscopy, they discovered spores preserved in situ--a rare find that links fossil plants to microfossil records. The breakthrough reshapes knowledge of Permian ecosystems and highlights the power of revisiting classic fossils with new tools.

      

      
        Tiny stones rewrite Earth's evolution story
        Scientists have uncovered an unexpected witness to Earth's distant past: tiny iron oxide stones called ooids. These mineral snowballs lock away traces of ancient carbon, revealing that oceans between 1,000 and 541 million years ago held far less organic carbon than previously thought. This discovery challenges long-standing theories linking carbon levels, oxygen surges, and the emergence of complex life.

      

      
        A pink bumpy snailfish was just discovered miles beneath the ocean
        Scientists have identified three new species of deep-sea snailfish, including the strikingly pink "bumpy snailfish," thanks to MBARI's advanced technology and global collaborations. Found thousands of meters below the surface off California, these elusive fish demonstrate remarkable adaptations for life under crushing pressure and darkness.

      

      
        Biochar's secret power could change clean water forever
        Scientists found that biochar doesn't just capture pollutants, it actively destroys them using direct electron transfer. This newly recognized ability accounts for up to 40% of its cleaning power and remains effective through repeated use. The discovery opens the door to cheaper, greener, and more efficient water treatment methods worldwide.

      

      
        Toxic waste could become the next clean energy breakthrough
        Bio-tar, once seen as a toxic waste, can be transformed into bio-carbon with applications in clean energy and environmental protection. This innovation could reduce emissions, create profits, and solve a major bioenergy industry problem.

      

      
        Hidden "electron highways" beneath our feet could revolutionize pollution cleanup
        Electrons flow underground in ways far more extensive than once believed, forming networks that link distant chemical zones. Minerals, organic molecules, and specialized bacteria can act as bridges, creating long-distance electron highways. These discoveries hold promise for pollution cleanup strategies, remote remediation, and protecting ecosystems. Scientists now see the subsurface as an interconnected redox system with exciting practical potential.
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Before they sucked blood, leeches were ocean hunters | ScienceDaily
A newly described fossil reveals that leeches are at least 200 million years older than scientists previously thought, and that their earliest ancestors may have feasted not on blood, but on smaller marine creatures.


						
"This is the only body fossil we've ever found of this entire group," said Karma Nanglu, a paleontologist with the University of California, Riverside. He collaborated with researchers from the University of Toronto, University of Sao Paulo, and Ohio State University on a paper describing the fossil, which is now published in PeerJ.

Roughly 430 million years old, the fossil includes a large tail sucker -- a feature still found in modern leeches -- along with a segmented, teardrop-shaped body. But one important feature isn't found in this fossil: the forward sucker that many of today's leeches use to pierce skin and draw blood.

This absence, along with the fossil's marine origin, suggests a very different early lifestyle for the group known as Hirudinida. Rather than sucking blood from mammals, reptiles, and other vertebrates, the earliest leeches may have roamed the oceans, consuming soft-bodied invertebrates whole or feeding on their internal fluids.

"Blood feeding takes a lot of specialized machinery," Nanglu said. "Anticoagulants, mouthparts, and digestive enzymes are complex adaptations. It makes more sense that early leeches were swallowing prey whole or maybe drinking the internal fluids of small, soft-bodied marine animals."

Previously, scientists believed leeches emerged about 150-200 million years ago. That timeline has now been pushed back by at least 200 million years, thanks to the fossil found in the Waukesha biota, a geological formation in Wisconsin known for preserving the bodies of soft tissue animals that usually decay before fossilization.

Preserving a leech fossil is no small feat. Leeches lack bones, shells, or exoskeletons that are most easily preserved over millions of years. Fossils like this require exceptional circumstances to preserve, often involving near-immediate burial, a low-oxygen environment, and unusual geochemical conditions.




"A rare animal and just the right environment to fossilize it -- it's like hitting the lottery twice," Nanglu said.

The fossil came to light during a broader study of the Waukesha site by researchers at Ohio State University, who are co-authors on this paper. Though initially unrecognized for what it was, the specimen caught Nanglu's eye during the early pandemic years.

He consulted with leech specialists, including lead author Danielle de Carle of the University of Toronto, and the group worked together to confirm its identity. They were ultimately convinced they'd found a leech because of the tail sucker and the clear body segmentation, which is a combination only found in leeches.

Today's leeches are found in freshwater, saltwater, and even on land. Their feeding behaviors are equally diverse, from scavenging to predation to parasitic blood feeding. But understanding their origin has been difficult because soft-bodied animals rarely leave fossils.

Nanglu, who studies creatures rarely found in the fossil record, said the find is part of a larger effort to trace the early history of complex life, and to challenge assumptions about the past.

"We don't know nearly as much as we think we do," he said. "This paper is a reminder that the tree of life has deep roots, and we're just beginning to map them."

"It's a beautiful specimen," Nanglu added. "And it's telling us something we didn't expect."
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1,000 Swiss glaciers already gone, and the melting is speeding up | ScienceDaily
Even the United Nations International Year of Glaciers' Preservation has seen further massive melting of glaciers in Switzerland. A winter with little snow was followed by heat waves in June 2025 that saw glaciers nearing the record levels of losses of 2022. Snow reserves from the winter were already depleted in the first half of July, and the ice masses began to melt earlier than had rarely ever been recorded. The cool weather in July provided some relief and prevented an even worse outcome. Nevertheless, almost a further three per cent of the ice volume was lost across Switzerland this year, and this is the fourth greatest shrinkage after the years 2022, 2023 and 2003. 2025 therefore importantly contributed to the decade with the most rapid ice loss. Glaciers all over Switzerland have lost a quarter of their volume since 2015. Over 1,000 small glaciers have already disappeared.


						
In particular, glaciers from the winter disappeared there up to the summit level. As a consequence, the ice thickness on, for example, the Claridenfirn (Canton of Glarus), the Plaine Morte Glacier (Canton of Bern) and the Silvretta Glacier (Canton of the Grisons) reduced by over two meters. For glaciers in the southern Canton of Valais, such as the Allalin Glacier or Findel Glacier, the loss was less at around one meter.

Too little snow in winter

In the winter of 2024/2025, the combination of less precipitation and the third warmest six months of winter (October to March) since measurements began led to very low snow depths. For example, less fresh snow fell in parts of the northern and central Grisons than ever before. For this reason, around 13 per cent less snow was evident on the glaciers at the end of April when compared to the period from 2010 to 2020. The second warmest June since records began led to rapid melting of snow right up to the highest altitudes. Following a somewhat cool and damp July, August brought a heatwave with a high zero-degree line recorded in part at over 5,000 metres. In combination, this weather led to above-average temperatures in the summer. Between July and September, a few cold fronts resulted to individual days with fresh snow over 2,500 m above sea level, but this only remained for longer periods in high mountains.

"The continuous diminishing of glaciers also contributes to the destabilizing of mountains," says Matthias Huss, Director of GLAMOS. "This can lead to events such as in the Lotschental valley where an avalanche of rock and ice buried the village of Blatten."

The Swiss Commission for Cryosphere observation (SCC) of the Swiss Academy of Sciences (SCNAT) documents changes in the Alpine cryosphere. It coordinates the long-term Swiss monitoring networks created for snow, glaciers (GLAMOS) and permafrost (PERMOS). The Swiss Commission for Cryosphere observation (SCC) therefore represents those institutions that look after national monitoring networks, such as the Swiss Federal Institute for Forest, Snow and Landscape Research WSL, the Institute for Snow and Avalanche Research SLF, the Swiss Federal Office for Meteorology and Climatology (MeteoSchweiz), the Swiss Federal Institute of Technology in Zurich (ETH Zurich), the Universities of Zurich, Fribourg and Lausanne and the University of Applied Sciences and Arts of Southern Switzerland (SUPSI), or who contribute financially to long-term safeguarding, such as the Swiss Federal Office for the Environment (FOEN), the Swiss Federal Office for Meteorology and Climatology (MeteoSwiss), in the context of the Swiss Global Climate Observing System (GCOS), the Swiss Academy of Sciences (SCNAT) and the Swiss Federal Office of Topography (swisstopo).

Further information

SCNAT - network of knowledge for the benefit of society The Swiss Academy of Sciences (SCNAT) and its network of 35,000 experts works at regional, national and international level for the future of science and society. It strengthens the awareness for the sciences as a central pillar of cultural and economic development. The breadth of its support makes it a representative partner for politics. The SCNAT links the sciences, provides expertise, promotes the dialogue between science and society, identifies and evaluates scientific developments and lays the foundation for the next generation of natural scientists. It is part of the association of the Swiss Academies of Arts and Sciences.

ETH Zurich -- The program Glacier Monitoring in Switzerland (GLAMOS) aims to conduct a long-term study of glacier changes in the Swiss Alps. The service is maintained by ETH Zurich -- the Swiss Federal Institute of Technology in Zurich, Switzerland, and involves the Department of Geosciences of the University of Fribourg, as well as the Department of Geography of the University of Zurich. The monitoring is coordinated by the Cryospheric Commission of the Swiss Academy of Sciences (CC/SCNAT) and receives financial support from the Federal Office for the Environment FOEN, MeteoSwiss within the framework of GCOS Switzerland, and the Swiss Academy of Sciences (SCNAT). Additional support is provided by the Federal Office of Topography swisstopo.
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Saturn's icy moon Enceladus just revealed stunning new clues to life | ScienceDaily
Scientists digging through data collected by the Cassini spacecraft have found new complex organic molecules spewing from Saturn's moon Enceladus. This is a clear sign that complex chemical reactions are taking place within its underground ocean. Some of these reactions could be part of chains that lead to even more complex, potentially biologically relevant molecules.


						
Published on October 1 in Nature Astronomy, this discovery further strengthens the case for a dedicated European Space Agency (ESA) mission to orbit and land on Enceladus.

In 2005, Cassini found the first evidence that Enceladus has a hidden ocean beneath its icy surface. Jets of water burst from cracks close to the moon's south pole, shooting ice grains into space. Smaller than grains of sand, some of the tiny pieces of ice fall back onto the moon's surface, whilst others escape and form a ring around Saturn that traces Enceladus's orbit.

Lead author Nozair Khawaja explains what we already knew: "Cassini was detecting samples from Enceladus all the time as it flew through Saturn's E ring. We had already found many organic molecules in these ice grains, including precursors for amino acids.

The ice grains in the ring can be hundreds of years old. As they have aged, they may have been 'weathered' and therefore altered by intense space radiation. Scientists wanted to investigate fresh grains ejected much more recently to get a better idea of what exactly is going on in Enceladus's ocean.

Fortunately, we already had the data. Back in 2008, Cassini flew straight through the icy spray. Pristine grains ejected only minutes before hit the spacecraft's Cosmic Dust Analyzer (CDA) instrument at about 18 km/s. These were not only the freshest ice grains Cassini had ever detected, but also the fastest.

The speed mattered. Nozair explains why:

"The ice grains contain not just frozen water, but also other molecules, including organics. At lower impact speeds, the ice shatters, and the signal from clusters of water molecules can hide the signal from certain organic molecules. But when the ice grains hit CDA fast, water molecules don't cluster, and we have a chance to see these previously hidden signals."




It took years to build up knowledge from previous flybys and then apply it to decipher this data. But now, Nozair's team has revealed what kind of molecules were present inside the fresh ice grains.

They saw that certain organic molecules that had already been found distributed in the E ring were also present in the fresh ice grains. This confirms that they are created within Enceladus's ocean.

They also found totally new molecules that had never been seen before in ice grains from Enceladus. For the chemists reading, the newly detected molecular fragments included aliphatic, (hetero)cyclic ester/alkenes, ethers/ethyl and, tentatively, nitrogen- and oxygen-bearing compounds.

On Earth, these same molecules are involved in the chains of chemical reactions that ultimately lead to the more complex molecules that are essential for life.

"There are many possible pathways from the organic molecules we found in the Cassini data to potentially biologically relevant compounds, which enhances the likelihood that the moon is habitable," says Nozair.

"There is much more in the data that we are currently exploring, so we are looking forward to finding out more in the near future."

Co-author Frank Postberg adds: "These molecules we found in the freshly ejected material prove that the complex organic molecules Cassini detected in Saturn's E ring are not just a product of long exposure to space, but are readily available in Enceladus's ocean."




Nicolas Altobelli, ESA Cassini project scientist adds: "It's fantastic to see new discoveries emerging from Cassini data almost two decades after it was collected. It really showcases the long-term impact of our space missions. I look forward to comparing data from Cassini with data from ESA's other missions to visit the icy moons of Saturn and Jupiter."

Returning to Enceladus

Discoveries from Cassini are valuable for planning a future ESA mission dedicated to Enceladus. Studies for this ambitious mission have already begun. The plan is to fly through the jets and even land on the moon's south polar terrain to collect samples.

A team of scientists and engineers is already considering the selection of modern scientific instruments that the spacecraft would carry. This latest result made using CDA will help guide that decision.

Enceladus ticks all the boxes to be a habitable environment that could support life: the presence of liquid water, a source of energy, a specific set of chemical elements and complex organic molecules. A mission that takes measurements directly from the moon's surface, seeking out signs of life, would offer Europe a front seat in Solar System science.

"Even not finding life on Enceladus would be a huge discovery, because it raises serious questions about why life is not present in such an environment when the right conditions are there," says Nozair.
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The billion-year reign of fungi that predated plants and made Earth livable | ScienceDaily

The five paths to a complex world

Professor Gergely J. Szollosi, author on this study and head of the Model-Based Evolutionary Genomics Unit at OIST explains the foundations of this research. "Complex multicellular life -- organisms made of many cooperating cells with specialized jobs -- evolved independently in five major groups: animals, land plants, fungi, red algae, and brown algae. On a planet once dominated by single-celled organisms, a revolutionary change occurred not once, but at least five separate times: the evolution of complex multicellular life. Understanding when these groups emerged is fundamental to piecing together the history of life on Earth."

Emergence here was not simply a matter of cells clumping together; it was the dawn of organisms, where cells took on specialized jobs and were organized into distinct tissues and organs, much like in our own bodies. This evolutionary leap required sophisticated new tools, including highly developed mechanisms for cells to adhere to one another and intricate systems for them to communicate across the organism, and arose independently in each of the five major groups.

The difficulties of dating evolutionary divergence

For most of these groups, the fossil record acts as a geological calendar, providing anchor points in deep time. For example, red algae show up possibly as early as about 1.6 billion years ago (in candidate seaweed-like fossils from India); animals appear by around 600 million years ago (Ediacaran fossils such as the quilted pancake like Dickinsonia); land plants take root roughly 470 million years ago (tiny fossil spores); and brown algae (kelp-like forms) diversified tens to hundreds of millions of years later still. Based on this evidence, a chronological picture of life's complexity emerges.

There is, however, a notable exception to this fossil-based timeline: fungi. The fungal kingdom has long been an enigma for paleontologists. Their typically soft, filamentous bodies mean they rarely fossilize well. Furthermore, unlike animals or plants, which appear to have a single origin of complex multicellularity, fungi evolved this trait multiple times from diverse unicellular ancestors, making it difficult to pinpoint a single origin event in the sparse fossil record.




Reading the genetic clock

To overcome the gaps in the fungal fossil record, scientists use a "molecular clock." The concept is that genetic mutations accumulate in an organism's DNA at a relatively steady rate over generations, like the ticking of a clock. By comparing the number of genetic differences between two species, researchers can estimate how long ago they diverged from a common ancestor.

However, a molecular clock is uncalibrated; it can reveal relative time but not absolute years. To set the clock, scientists need to calibrate it with "anchor points" from the fossil record. Given the scarcity of fungal fossils, this has always been a major challenge. The OIST-led team addressed this by incorporating a novel source of information: rare gene "swaps" between different fungal lineages, a process known as horizontal gene transfer (HGT).

Prof. Szollosi explains this concept. "While genes are normally passed down "vertically" from parent to child, HGT is like a gene jumping "sideways" from one species to another. These events provide powerful temporal clues," he says. "If a gene from lineage A is found to have jumped into lineage B, it establishes a clear rule: the ancestors of lineage A must be older than the descendants of lineage B."

By identifying 17 such transfers, the team established a series of "older than/younger than" relationships that, alongside fossil records, helped to tighten and constrain the fungal timeline.

A new history for an ancient kingdom

The analysis suggests a common ancestor of living fungi dating to roughly 1.4-0.9 billion years ago -- well before land plants. That timing supports a long prelude of fungi-algae interactions that helped set the stage for life on land.




Co-first author on this study, Dr. Lenard L. Szantho, emphasizes the importance of these findings. "Fungi run ecosystems -- recycling nutrients, partnering with other organisms, and sometimes causing disease. Pinning down their timeline shows fungi were diversifying long before plants, consistent with early partnerships with algae that likely helped pave the way for terrestrial ecosystems."

This revised timeline fundamentally reframes the story of life's colonization of land. It suggests that for hundreds of millions of years before the first true plants took root, fungi were already present, likely interacting with algae in microbial communities. This long, preparatory phase may have been essential for making Earth's continents habitable. By breaking down rock and cycling nutrients, these ancient fungi could have been the first true ecosystem engineers, creating the first primitive soils and fundamentally altering the terrestrial environment. In this new view, plants did not colonize a barren wasteland, but rather a world that had been prepared for them over eons by the ancient and persistent activity of the fungal kingdom.

About the authors

This work grew from the OIST Model-Based Evolutionary Genomics Unit, co-led by Prof. Gergely J. Szollosi and Dr. Eduard Ocana-Pallares, with Dr. Lenard L. Szantho and Zsolt Merenyi as first authors. They teamed up with colleagues across Europe, including Professor Laszlo G. Nagy's group, which includes Zsolt Merenyi, at the HUN-REN Biological Research Centre in Szeged, Hungary -- a team known for fungal evolutionary genomics and the evolution of multicellularity. Further collaborators on this study include Prof. Philip Donoghue, who heads the University of Bristol's Paleobiology Group, UK, and Prof. Toni Gabaldon, of the Institute for Research in Biomedicine (IRB) and the Barcelona Supercomputing Centre (BSC), Spain, an expert in comparative genomics.
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A plant compound might be the secret weapon against gum disease | ScienceDaily
A powder based on morin, a natural compound extracted from plants such as guava leaves, apple and fig peels, certain teas, and almonds, has shown antimicrobial, anti-inflammatory, and antioxidant effects against bacteria that cause periodontal disease. It is expected that the substance, released in a controlled manner through polymers, will help with nonsurgical treatments as an alternative to antibiotics for controlling microorganisms.


						
In in vitro laboratory studies, researchers at the Araraquara School of Dentistry at Sao Paulo State University (FOAr-UNESP) in Brazil tested morin on a multispecies biofilm formed by various species of bacteria that simulated the effects of the disease on patients' gums.

The results were published in the Archives of Oral Biology. The study was conducted by Luciana Solera Sales during her doctoral studies at FOAr-UNESP, under the supervision of Fernanda Lourencao Brighenti. FAPESP supported the study through a doctorate and a research internship abroad.

Other researchers involved in the study included Andreia Bagliotti Meneguin from the Faculty of Pharmaceutical Sciences of Araraquara (FCFAr) at UNESP; Hernane da Silva Barud from the University of Araraquara (UNIARA); and Michael Robert Milward from the Faculty of Dentistry at the University of Birmingham in England.

"At the moment, we have a fine powder obtained through spray drying - which is the same equipment used to make powdered milk - that can be used to make various types of oral hygiene products. The idea is to provide a platform that acts as an adjunct and can be useful, for example, for people with reduced motor skills who are unable to brush their teeth properly, such as older adults and patients with special needs," says Brighenti.

Morin was chosen because it is a natural, inexpensive, and easily accessible compound.

"Morin is a flavonoid that can be obtained from various fruits. But simply eating it isn't enough; the substance needs to be processed. The idea is to take advantage of this natural compound, its benefits, and its advantages, and transform it all so that it can be used to prevent and treat tooth decay and periodontal disease," Sales points out.




Within the research group, Brighenti has been working with other researchers to develop what she calls platforms that allow different types of substances to act on the diseases currently being studied. According to Brighenti, this is necessary because natural products generally do not dissolve well in water.

"We have a constant flow of saliva. We produce, on average, 1 milliliter of saliva per minute. Anything we put in our mouths is quickly removed by saliva, especially because it has a smell and taste, which stimulates salivary flow. When we have something that sticks to the mucous membrane of the mouth, the inside of our cheeks, and our teeth, it gives us an additional advantage. This controlled release also helps us control the toxicity and stability of the substance," the professor explains.

In the case of morin, the challenge was to optimize what the group had developed thus far, making it more appealing to potential patients while developing something scalable for the industry.

"We also aim to provide an alternative to products currently available on the market that don't meet the demand because they have some side effects reported by patients, such as taste changes and increased tartar buildup, as well as stains on the teeth with prolonged use," Brighenti adds.

"We started developing these systems in the form of tablets, films, and microparticles. But until then, they were too large and unfeasible for oral use. In my PhD, we tried to improve these products by making them smaller. That's why I developed this format, which looks like powdered milk. I prepared a solution containing sodium alginate and gellan gum to encapsulate morin in a controlled-release system, which is already widely used for drugs but isn't yet widely used in dentistry," Sales explains.

Periodontal disease occurs when there is an accumulation of biofilm or bacterial plaque, a sticky film formed by bacteria and food debris that builds up on the teeth.




Periodontitis, a severe form of periodontal disease, is considered the sixth most common chronic condition worldwide. In mild cases, bleeding may occur. As the disease progresses, it can lead to tooth loss.

Proper oral hygiene, including brushing, flossing, and using fluoride toothpaste, can considerably decrease this risk.

According to data from the World Health Organization (WHO) in 2022, nearly half of the world's population (45%) suffers from oral diseases, amounting to approximately 3.5 billion people.

The researchers plan to continue testing morin first in animal models and then in clinical studies to investigate its other properties.

"We observed with the naked eye that the in vitro biofilm treated with morin in the laboratory is less stained than when treated in its free form. So, it's possible that there's an advantage, that this system helps prevent tooth discoloration. We also need to test, for example, whether morin maintains the balance of the oral cavity, because we don't want to eliminate all bacteria from patients' mouths," says Brighenti.
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Scientists just found the strongest signs of life on Mars yet | ScienceDaily
A new study suggests a habitable past and signs of ancient microbial processes on Mars -- and Imperial scientists provided crucial context.


						
Led by NASA and featuring key analysis from Imperial College London, the work has uncovered a range of minerals and organic matter in Martian rocks that point to an ancient history of habitable conditions and potential biological processes on the Red Planet.

An international team, including researchers from the Department of Earth Science and Engineering (ESE) at Imperial, propose that these geological features within the so-called Bright Angel formation in Mars's Jezero Crater are closely connected to organic carbon, and could be a compelling potential biosignature of past life.

Professor Sanjeev Gupta, Professor of Earth Science in ESE, and Academic Co-director of Imperial Global India, said: "This is a very exciting discovery of a potential biosignature but it does not mean we have discovered life on Mars. We now need to analyze this rock sample on Earth to truly confirm if biological processes were involved or not."

Promising signs

A core component of NASA's Mars 2020 mission, the Perseverance Rover has been exploring the 45-kilometre-wide Jezero Crater since 2021, a site chosen because it once held a huge lake and a river delta - environments that are considered prime targets in the search for signs of past life. Its key goal is to collect and store the first set of selected rock and soil samples that will be brought back to Earth for detailed analysis.

The new study, published in Nature, focuses on a distinctly light-toned outcrop in the crater, dubbed 'Bright Angel', located within an ancient river valley which provided water to the Jezero lake.




While driving through the valley, called Neretva Vallis, Perseverance came across a thick succession of fine-grained mudstones and muddy conglomerates. Here, it conducted a detailed analysis of these rocks, using instruments such as the Planetary Instrument for X-ray Lithochemistry (PIXL) and Scanning Habitable Environments with Raman & Luminescence for Organics & Chemicals (SHERLOC).

An unexpected lake

By mapping the types and distributions of different sedimentary rocks at Bright Angel, ESE researchers (including Professor Gupta and Dr Robert Barnes, a Research Associate in ESE, who were both funded by the UK Space Agency), were able to reconstruct the environment in which these mudstones were deposited.

Their analysis revealed a range of sedimentary structures and textures indicative of lake margin and lake bed environments, including a composition rich in minerals like silica and clays - the opposite to a river scenario, where fast-moving water would carry these tiny particles away.

This pointed to a surprising conclusion: they had found lake deposits in the bottom of a river valley.

Co-author Alex Jones, a PhD researcher in ESE and collaborating scientist with the NASA Perseverance team, who has conducted a detailed analysis of the ancient lake environment, said: "This is unusual but very intriguing, as we wouldn't expect to find such deposits in Neretva Vallis. What our sedimentological and stratigraphic work has done is indicate a past, low-energy lake environment - and that is precisely the kind of habitable environment we have been looking for on the mission."

The finding may suggest a period in the history of Jezero Crater where the valley itself was flooded, giving rise to this potentially habitable lake.




Alex, who is an Imperial President's Scholar and did his undergraduate degree in Earth and Planetary Science at ESE, added: "I'm thrilled to be involved in such a discovery and contributing to Perseverance operations during my PhD. It's also pretty cool to apply my terrestrial geologic field experience I gained as a student to investigate such an exciting unit at Jezero!"

Compelling context

With the lake habitat scenario pinned down, the Perseverance science team turned their attention to the mudstones themselves. It was inside these rocks that they discovered a group of tiny nodules and reaction fronts, with chemical analysis revealing that these millimeter-scale structures are highly enriched in iron-phosphate and iron-sulfide minerals (likely vivianite and greigite).

These appear to have formed through redox reactions involving organic carbon, a process that could have been driven by either abiotic or - interestingly - biological chemistry. Importantly, this sets the stage for everything that happened next: the formation of this specific type of oxidized, iron- and phosphorus-rich sediment was the essential prerequisite for creating the ingredients for subsequent reactions.

Since these ingredients mirror by-products of microbial metabolism seen on Earth, it can be considered a compelling potential biosignature, raising the possibility that there was once microbial life on Mars.

A question for Earth labs

Ultimately, the only way for the true origin of these structures to be determined is by returning the samples to Earth, a possibility that rests on when future missions will manage to successfully collect the samples from Mars' surface.

Fortunately, Perseverance has already drilled and cached a core sample from the Bright Angel outcrop, named 'Sapphire Canyon', which, along with others collected by the rover, is awaiting the Mars Sample Return mission - a joint NASA-ESA endeavour aiming to bring them to Earth in the 2030s.

Once in terrestrial laboratories, samples like Sapphire Canyon will be analyzed with instruments far more sensitive than those on the rover by scientists from around the world. Only then will we determine the precise origin of these features and whether they are the result of unique abiotic chemistry, or constitute evidence of past microbial life on Mars.

"This discovery is a huge step forward - the samples we helped characterize are among the most convincing we have," said Professor Gupta.

"The work was an impressive international effort and highlights the power of collaboration and advanced robotics in planetary exploration."

Matthew Cook, Head of Space Exploration at the UK Space Agency, said: "This exciting discovery represents a significant step forward in our understanding of Mars and the potential for ancient life beyond Earth. The chemical signatures identified in these Martian rocks are the first of their kind to potentially reflect biological processes that we see on Earth and provide more compelling evidence that Mars may have once harboured the conditions necessary for microbial life.

"Professor Sanjeev Gupta and his team at Imperial College London, supported through UK Space Agency funding, have made an invaluable contribution to this ground-breaking research, demonstrating the world-leading UK exploration science by leading the establishment of the geological context for the research.

"While we must remain scientifically cautious about definitive claims of ancient life, these findings represent the most promising evidence yet discovered. The upcoming Rosalind Franklin Mars rover mission, built here in the UK, will be crucial in helping us answer whether samples similar to those observed in this study represent genuine biological processes, bringing us closer to answering: are we alone in the Universe?"
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Black mamba venom has a deadly hidden second strike | ScienceDaily
A breakthrough study at The University of Queensland has discovered a hidden dangerous feature in the Black Mamba one of the most venomous snakes in the world.


						
Professor Bryan Fry from UQ's School of the Environment said the study revealed the venoms of three species of mamba were far more neurologically complex than previously thought, explaining why antivenoms were sometimes ineffective.

"The Black Mamba, Western Green Mamba and Jamesons Mamba snakes aren't just using one form of chemical weapon, they're launching a coordinated attack at 2 different points in the nervous system," Professor Fry said.

"If you're bitten by 3 out of 4 mamba species, you will experience flaccid or limp paralysis caused by postsynaptic neurotoxicity.

"Current antivenoms can treat the flaccid paralysis but this study found the venoms of these three species are then able to attack another part of the nervous system causing spastic paralysis by presynaptic toxicity,

"We previously thought the fourth species of mamba, the Eastern Green Mamba, was the only one capable of causing spastic paralysis.

"This finding resolves a long-standing clinical mystery of why some patients bitten by mambas seem to initially improve with antivenom and regain muscle tone and movement only to start having painful, uncontrolled spasms.




"The venom first blocks nerve signals from reaching the muscles but after the antivenom is administered, it then overstimulates the muscles.

"It's like treating one disease and suddenly revealing another."

Mamba (Dendroaspis species) snake bites are a significant threat in sub-Saharan Africa accounting for 30,000 deaths annually.

PhD candidate Lee Jones who conducted the experimental work on the mamba venoms said the research proved new antivenoms were critical to saving lives.

"We set out to understand different venom potencies between mamba species," Mr Jones said.

"We expected to see clear flaccid paralysis inducing post synaptic effects, and effective neutralisation by antivenom.




"What we were not expecting to find was the antivenom unmasking the other half of the venom effects on presynaptic receptors.

"We also found the venom function of the mambas was different depending on their geographic location, particularly within populations of the Black Mamba from Kenya and South Africa.

"This further complicates treatment strategies across regions because the antivenoms are not developed to counteract the intricacies of the different venoms."

Professor Fry said specialised antivenoms could be developed following this study to increase efficacy rates.

"This isn't just an academic curiosity, it's a direct call to clinicians and antivenom manufacturers," Professor Fry said.

"By identifying the limitations of current antivenoms and understanding the full range of venom activity, we can directly inform evidence-based snakebite care.

"This kind of translational venom research can help doctors make better decisions in real time and ultimately saves lives."

The lab work was completed in collaboration with Monash Venom Group.

This research was published in Toxins.
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Pollen holds a secret that could save honeybees | ScienceDaily
A honeybee hive, with its large stores of pollen, wax, and honey, is like a fortress guarding treasure: with strong defenses, but a bonanza for enemies that can overcome those. More than 30 parasites of honeybees are known, spanning protists, viruses, bacteria, fungi, and arthropods - and this number keeps growing. As a result, beekeepers are always on the lookout for new ways to protect their precious hives.


						
A team of researchers from the US suspected that a rich new source of ecofriendly treatments for bee diseases might be hiding in plain sight: in the pollen gathered by bees. They reasoned that so-called endophytes, symbiotic bacteria and fungi living inside most plant tissues, should benefit when their hosts are pollinated. This could be an incentive for these microbes to evolve compounds that keep their host's pollinators healthy.

And now, they have shown their hunch to be correct.

"We found that the same beneficial bacteria occur in pollen stores of honeybee colonies and on pollen of nearby plants," said Dr Daniel May, a faculty member at Washington College in Maryland, US, and the corresponding author of a study in Frontiers in Microbiology.

"We also show that these bacteria produced similar antimicrobial compounds that kill pathogens of bees and plants, making them a great starting point for new treatments of crops and hives."

Precious pollen

May and colleagues homed in on bacteria from the phylum actinobacteria, the source of two-thirds of the antibiotics currently in clinical use. Between April and June 2021, they collected pollen from 10 native plant species in the Lakeshore Nature Preserve at the University of Wisconsin -- Madison. They also collected pollen from the stores of a nearby honeybee hive.




The authors isolated 16 strains of actinobacteria from plants, and 18 strains from pollen stores inside the hive. DNA barcoding and genome sequencing revealed that the same or closely related species occurred in both types of samples. The majority (72%) belonged to the genus Streptomyces, the source of many compounds used in medicine and agriculture, for example as antibiotics or as anticancer and antiparasitic drugs. Some of the closest relatives of the Streptomyces species found here are currently under study elsewhere as potential sources of compounds against diseases of crop plants.

The authors then conducted 'competition assays', where known pathogens were grown together with the Streptomyces isolated here. Nearly all of these proved to be effective inhibitors of the mold Aspergillus niger, which can cause a honeybee disease called stonebrood. Individual strains also proved moderately to strongly active against two bacterial pathogens of honeybees, Paenibacillus larvae and Serratia marcescens, and against three pathogens of crops, Erwinia amylavora, Pseudomonas syringae, and Ralstonia solanaceum.

'Whisked back to the hive'

"We isolated the same Streptomyces bacteria from flowers, pollen-covered bees leaving flowers, and hives. We conclude from our results that endophytic actinobacteria on pollen grains are picked up by pollinating bees and whisked back to hive pollen stores, where they help to defend the colony against disease," said May.

The authors found clear evidence in the genome of the sequenced species that they were indeed endophytes, rather than living in a loose, haphazard association with plants. They possessed genes encoding enzymes that allow Streptomyces to colonize plant tissue, produce hormones to boost the growth of their host, or scavenge metals around roots.

The results confirmed that a great variety of interesting bioactive compounds remain to be discovered in endophytes, many of which could help us to keep honeybees healthy. They also suggest that a landscape rich in plant species is beneficial for bees, as it ensures a greater diversity of actinobacterial endophytes available to them.

"In the future, treating bee diseases could be a matter of simply introducing the right beneficial bacteria into hives to help control specific pathogens," concluded May.
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First living cochlea outside the body shows how hearing really works | ScienceDaily
Shortly before his death in August 2025, A. James Hudspeth and his team in the Laboratory of Sensory Neuroscience at The Rockefeller University achieved a groundbreaking technological advancement: the ability to keep a tiny sliver of the cochlea alive and functional outside of the body for the first time. Their new device allowed them to capture the live biomechanics of the cochlea's remarkable auditory powers, including exceptional sensitivity, sharp frequency tuning, and the ability to encode a broad range of sound intensities.


						
"We can now observe the first steps of the hearing process in a controlled way that was previously impossible," says co-first author Francesco Gianoli, a postdoctoral fellow in the Hudspeth lab.

Described in two recent papers (in PNAS and Hearing Research, respectively), the innovation is a product of Hudspeth's five decades of work illuminating the molecular and neural mechanisms of hearing -- insights that have illuminated new paths to preventing or reversing hearing loss.

With this advance, the researchers have also provided direct evidence of a unifying biophysical principle that governs hearing across the animal kingdom, a subject Hudspeth investigated for more than a quarter-century.

"This study is a masterpiece," says biophysicist Marcelo Magnasco, head of the Laboratory of Integrative Neuroscience at Rockefeller, who collaborated with Hudspeth on some of his seminal findings. "In the field of biophysics, it's one of the most impressive experiments of the last five years."

The mechanics of hearing

Though the cochlea is a marvel of evolutionary engineering, some of its fundamental mechanisms have long remained hidden. The organ's fragility and inaccessibility -- embedded as it is in the densest bone in the body -- have made it difficult to study in action.




These challenges have long frustrated hearing researchers, because most hearing loss results from damage to sensory receptors called hair cells that line the cochlea. The organ has some 16,000 of these hair cells, so-called because each one is topped by a few hundred fine "feelers," or stereocilia, that early microscopists likened to hair. Each bundle is a tuned machine that amplifies and converts sound vibrations into electrical responses that the brain can then interpret.

It's well documented that in insects and non-vertebrate animals -- such as the bullfrogs studied in Hudspeth's lab -- a biophysical phenomenon known as a Hopf bifurcation is key to the hearing process. The Hopf bifurcation describes a kind of mechanical instability, a tipping point between complete stillness and oscillations. At this knife-edge, even the faintest sound tips the system into movement, allowing it to amplify weak signals far beyond what would otherwise register.

In the case of bullfrog cochlea, the instability is in the bundles of the sensory hair cells, which are always primed to detect incoming sound waves. When those waves hit, the hair cells move, amplifying the sound in what's called the active process.

In collaboration with Magnasco, Hudspeth documented the existence of the Hopf bifurcation in the bullfrog cochlea in 1998. Whether it exists in the mammalian cochlea has been a subject of debate in the field ever since.

To answer that question, Hudspeth's team decided they needed to observe the active process in a mammalian cochlea in real time and at a greater level of detail than ever before.

A sliver of a spiral

To do so, the researchers turned to the cochlea of gerbils, whose hearing falls in a similar range as humans. They excised slivers no larger than .5 mm from the sensory organ, in the region of the cochlea that picks up the middle range of frequencies. They timed their excision to a developmental moment in which the gerbil's hearing is mature but the cochlea hasn't fully fused to the highly dense temporal bone.




They placed a sliver of tissue within a chamber designed to reproduce the living environment of the sensory tissue, including continuously bathing it in nutrient-rich liquids called endolymph and perilymph and maintaining its native temperature and voltage. Key to the development of this custom device were Brian Fabella, a research specialist in the Hudspeth lab, and instrumentation engineer Nicholas Belenko, from Rockefeller's Gruss Lipper Precision Instrumentation Technologies Resource Center.

They then began to play sounds via a tiny speaker and observed the response.

Discovering a biophysical principle

Among the processes they witnessed were how the opening and closing of ion channels in the hair bundles add energy to the sound-driven vibrations, amplifying them, and how outer hair cells elongate and contract in response to voltage changes through a process called electromotility.

"We could see in fine detail what every piece of the tissue is doing at the subcellular level," Gianoli says.

"This experiment required an extraordinarily high level of precision and delicacy," notes Magnasco. "There's both mechanical fragility and electrochemical vulnerability at stake."

Importantly, they observed that key to the active process was indeed a Hopf bifurcation -- the tipping point that turned mechanical instability into sound amplification. "This shows that the mechanics of hearing in mammals is remarkably similar to what has been seen across the biosphere," says co-first author Rodrigo Alonso, a research associate in the lab.

A device that could lead to future treatments

The scientists anticipate that experimentation using the ex vivo cochlea will improve their understanding of hearing and hopefully point to better therapies.

"For example, we will now be able to pharmacologically perturb the system in a very targeted way that has never been possible before, such as by focusing on specific cells or cell interactions," says Alonso.

There's a great need in the field for new potential therapies. "So far, no drug has been approved to restore hearing in sensorineural loss, and one reason for that is that we still have an incomplete mechanistic understanding of the active process of hearing," Gianoli says. "But now we have a tool that we can use to understand how the system works, and how and when it breaks -- and hopefully think of ways to intervene before it's too late."

Hudspeth found the results deeply gratifying, Magnasco adds. "Jim had been working on this for more than 20 years, and it's a crowning achievement for a remarkable career."
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This tiny butterfly has the most chromosomes of any animal on Earth | ScienceDaily

This insect boasts 229 pairs of chromosomes, while many of its close relatives have only 23 or 24 pairs. Researchers at the Wellcome Sanger Institute and the Institute of Evolutionary Biology (IBE: CSIC-UPF), Barcelona, have revealed that these chromosomes have been broken up over time, instead of duplicated.

The first genomic study of this butterfly, published on September 10 in Current Biology, allows experts to begin to explore the evolutionary reasons behind this extreme number of chromosomes. Chromosome changes are also seen in human cancer cells, and therefore, understanding this process in different species could help inform cancer research.

This is the first time that the Atlas blue butterfly has been sequenced. From this, experts have produced a gold-standard reference genome for this species, allowing researchers to compare this extreme genome to other butterflies and moths to understand more about how species form and change over time.

Evolution and the development of new species happen over millions of years, making it hard to study practically. Instead, experts can use the DNA of a species and compare this to others in the same family to understand which genes and traits have been kept and which have been lost and then make informed guesses as to why.

Having the genetic story of a species also allows us to understand how the next chapter might go. For example, we might be able to understand how a species could respond to the increasing global temperature and if they have any genes or mechanisms that might protect them. This could inform conservation efforts as well as research into producing more resilient crops.

The Atlas blue butterfly is found in the mountain ranges of Morocco and northeast Algeria. While it had been suspected to have the most chromosome pairs in the animal kingdom, this is the first time experts have sequenced the butterfly genome to confirm1. For comparison, a close relative found widely in the UK, the Common blue butterfly, has 24 chromosomes.




Changes in chromosome numbers are thought to contribute to the process of new species forming and help species adapt to their environment. The group to which the Atlas blue butterfly belongs contains many closely related species that evolved over a short period of time.

In this new research, the team found that the chromosomes had been spilt up at points where the DNA is less tightly wound. This means there was roughly the same amount of genetic information, but it was packaged in smaller sections. All of the chromosomes, apart from the sex chromosomes, were cut up, and the researchers estimate that this caused the chromosome number to go from 24 to 229 over roughly three million years -- a relatively short amount of time by evolutionary standards.

Usually, it is assumed that this kind of extreme chromosomal change is negative; however, the Atlas blue butterfly has evolved and survived for millions of years. It is only now, due to climate change and human impacts on the environment, such as the destruction of cedar forests and overgrazing, that its populations are under threat.

This research raises multiple questions that can now be addressed in the future. Splitting up the chromosomes could help give greater genetic diversity by allowing more frequent shuffling of genome parts or give other unknown benefits. While this may help butterflies to rapidly adapt, species with many chromosomes may also face challenges due to the extra complexity of this, potentially making them more vulnerable to extinction over time. Further investigations and comparisons with other butterflies could highlight whether any genes have been lost or preserved, giving us more information on the biology of the butterflies, but also a deeper understanding of evolution.

Chromosomal rearrangements also happen in human cancers, and therefore, studying these processes in the Atlas blue butterfly DNA could lead to new developments in human health and highlight possible ways to reduce or stop this phenomenon in cancer cells.

Dr Roger Vila, senior author at the Institute of Evolutionary Biology, said: "Breaking down chromosomes has been seen in other species of butterflies, but not on this level, suggesting that there are important reasons for this process which we can now start to explore. Additionally, as chromosomes hold all the secrets of a species, investigating whether these changes impact a butterfly's behaviour could help form a full picture of how and why new species occur."

Dr Charlotte Wright, first author at the Wellcome Sanger Institute, said: "When we set out to start to understand evolution in butterflies, we knew we had to sequence the most extreme, and somewhat mysterious, Atlas blue butterfly. Thanks to Roger Vila, who had previously worked with his colleague to find and identify this elusive butterfly, we were able to sequence this species, highlighting the collaborative nature of science. Being able to see, in detail, how the Atlas blue butterfly chromosomes have been split over time in specific places, we can start to investigate what benefits this might have, how it impacts their ability to adapt to their environment, and whether there are any lessons we can learn from their DNA that might aid conservation in the future."

Professor Mark Blaxter, senior author at the Wellcome Sanger Institute, said: "Genomes hold the key to how a creature came to be, but also, where it might go in the future. To be able to tell the story of our planet, we must have the story of each species and see where they overlap and interact with each other. It also allows us to apply learnings from one genome to another. For example, rearranging chromosomes is also seen in human cancer cells, and understanding this process in the Atlas blue butterfly could help find ways to limit or stop this in cancer cells in the future."

This research includes funding from Wellcome. A full acknowledgement list can be found in the publication.
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Stunning images reveal how antibiotics shatter bacterial defenses | ScienceDaily
A team led by UCL (University College London) and Imperial College London researchers has shown for the first time how life-saving antibiotics called polymyxins pierce the armor of harmful bacteria.


						
The findings, published in the journal Nature Microbiology, could lead to new treatments for bacterial infections - especially urgent since drug-resistant infections already kill more than a million people a year.

Polymyxins were discovered more than 80 years ago and are used as a last-resort treatment for infections caused by "Gram negative" bacteria. These bacteria have an outer surface layer that acts like armor and prevents certain antibiotics from penetrating the cell. Polymyxins are known to target this outer layer, but how they disrupt it and then kill bacteria is still not understood.

In the new study, the research team revealed in high-resolution images and biochemical experiments how the antibiotic Polymyxin B rapidly caused bumps and bulges to break out on the surface of an E. coli bacterial cell.

These protrusions, which appeared within minutes, were followed by the bacterium rapidly shedding its outer armor.

The antibiotic, the researchers concluded, had triggered the cell to produce and shed its armor. The more the cell tried to make new amor, the more it lost the amor it was making, at such a rate that it left gaps in its defenses, allowing the antibiotic to enter the cell and kill it.

However, the team found that this process - protrusions, fast production and shedding of armor, and cell death - only occurred when the cell was active. In dormant (sleeping) bacteria, armor production is switched off, making the antibiotic ineffective.




Co-senior author Dr Andrew Edwards, from Imperial, said: "For decades we've assumed that antibiotics that target bacterial armor were able to kill the microbes in any state, whether they're actively replicating or they were dormant. But this isn't the case. Through capturing these incredible images of single cells, we've been able to show that this class of antibiotics only work with help from the bacterium, and if the cells go into a hibernation-like state, the drugs no longer work -- which is very surprising."

Becoming dormant allows bacteria to survive unfavorable conditions such as a lack of food. They can stay dormant for many years and "wake up" when conditions become more favorable. This can allow bacteria to survive against antibiotics, for instance, and reawaken to cause recurrent infections in the body.

Co-senior author Professor Bart Hoogenboom, based at the London Centre for Nanotechnology at UCL, said: "Polymyxins are an important line of defense against Gram-negative bacteria, which cause many deadly drug-resistant infections. It is important we understand how they work.

"Our next challenge is to use these findings to make the antibiotics more effective. One strategy might be to combine polymyxin treatment - counterintuitively - with treatments that promote armor production and/or wake up 'sleeping' bacteria so these cells can be eliminated too.

"Our work also shows we need to take into account what state bacteria are in when we are assessing the effectiveness of antibiotics."

The E. coli cells were imaged at the London Centre for Nanotechnology at UCL. A tiny needle, only a few nanometers wide, was run over the bacterial cell, "feeling" the shape to create an image (a technique called atomic force microscopy) at much higher resolution than would be possible using light.




Co-author Carolina Borrelli, a PhD student at the London Centre for Nanotechnology at UCL, said: "It was incredible seeing the effect of the antibiotic at the bacterial surface in real-time. Our images of the bacteria directly show how much polymyxins can compromise the bacterial armor. It is as if the cell is forced to produce 'bricks' for its outer wall at such a rate that this wall becomes disrupted, allowing the antibiotic to infiltrate."

The team compared how active (growing) and inactive E. coli cells responded to polymyxin B in the lab, finding that the antibiotic efficiently eliminated active cells but did not kill dormant cells.

They also tested the E. coli cells' response with and without access to sugar (a food source that wakes up dormant cells). When sugar was present, the antibiotic killed previously dormant cells, but only after a delay of 15 minutes - the time needed for the bacteria to consume the sugar and resume production of its outer armor.

In conditions where the antibiotic was effective, the researchers detected more armor being released from the bacteria. They also observed the bulges occurring across the surface of the cell.

In conditions where it was ineffective, the antibiotic bound itself to the outer membrane but caused little damage.

Co-author Dr Ed Douglas, from Imperial, said: "We observed that disruption of the outermost armor of the bacteria only occurred when the bacteria were consuming sugar. Once we knew that, we could quickly figure out what was happening."

Co-author Professor Boyan Bonev, of the University of Nottingham, said: "Working together has given us unique insights into bacterial physiology and morphology under stress that have remained hidden for decades. Now we understand better the weak points of bacteria."

This work was funded by the Biotechnology and Biological Sciences Research Council (BBSRC) and the Engineering and Physical Sciences Research Council (EPSRC), parts of UK Research and Innovation, and by Wellcome.
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Fossils in germany reveal a Jurassic sea monster with a swordfish snout | ScienceDaily
An international research team from Switzerland and Germany, led by Gael Spicher (JURASSICA Museum, Porrentruy, Switzerland), has described a new ichthyosaur species based on fossils curated at the Urwelt-Museum Oberfranken (Bayreuth, Germany). The study was published in Museum fur Naturkunde Berlin's open-access journal Fossil Record.


						
The new species was named Eurhinosaurus mistelgauensis, in reference to the clay pit of Mistelgau in Upper Franconia - a fossil site that has yielded numerous important finds. "We wanted to highlight the scientific importance of the Mistelgau locality," explains lead author and doctoral student Gael Spicher.

Excavations in the clay pit have been conducted regularly since 1998 by the Urwelt-Museum Oberfranken, which recovered and prepared the fossils prior to their scientific study. One specimen originates from a so-called "belemnite battleground" - dense accumulations of Jurassic cephalopod remains that are characteristic of the site.

Ichthyosaurs - marine reptiles that lived during the time of the dinosaurs - show striking similarities in body shape to dolphins or tuna. The newly described species shares the elongation of the upper jaw typical for eurhinosaurs, producing a pronounced "overbite" similar to that of modern swordfish. Eurhinosaurus mistelgauensis differs from previously known species by its notably robust ribs and special features in the joint connecting the skull and the neck.

"The naming of a new species emphasizes the significance of the Urwelt-Museum Oberfranken's fossil collections for understanding Jurassic marine ecosystems," says museum director Dr. Serjoscha Evers, who was not involved in the study. "The Mistelgau site continues to provide rare insights into a time period that is otherwise scarcely documented worldwide."

Further studies on the Mistelgau material are in preparation. These include analyses of injuries preserved in the ichthyosaur skeletons, which may shed light on the ecology and life history of these ancient marine reptiles.
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Miscarriages, down syndrome, and infertility all linked to this hidden DNA process | ScienceDaily
When a woman becomes pregnant, the outcome of that pregnancy depends on many things -- including a crucial event that happened while she was still growing inside her own mother's womb. It depends on the quality of the egg cells that were already forming inside her fetal ovaries. The DNA-containing chromosomes in those cells must be cut, spliced and sorted perfectly. In males, the same process produces sperm in the testes but occurs only after puberty.


						
"If that goes wrong, then you end up with the wrong number of chromosomes in the eggs or sperm," said Neil Hunter, a professor in the Department of Microbiology and Molecular Genetics at the University of California, Davis. "This can result in infertility, miscarriage or the birth of children with genetic diseases."

In a paper published Sept. 24 in the journal Nature, Hunter's team reports a major new discovery about a process that helps safeguard against these mistakes. He has pieced together the choreography of proteins that connect matching chromosome pairs -- ensuring that they are sorted correctly as egg and sperm cells develop and divide.

Hunter's discoveries required methods to watch the molecular events of chromosome recombination unfold with unprecedented detail. This involved genetic engineering in budding yeast -- a model organism that has been used for decades to discover how fundamental cellular processes work.

"The chromosome structures that we studied have changed very little across evolution," Hunter said. "Every protein that we looked at in yeast has a direct counterpart in humans." His findings could improve our understanding of fertility problems and how they are diagnosed and treated in humans.

Forming chromosome crossovers for strong connections

Humans have 46 chromosomes in each of our cells, made up of 23 pairs of matching, "homologous" chromosomes, with one of each pair inherited from each parent. Early in the process of making sperm or eggs, those chromosome pairs line up, and the parental chromosomes break and rejoin to each other. These chromosome exchanges, called "crossovers," serve two important functions.




First, they help ensure that each chromosome that is passed on to the offspring contains a unique mixture of genes from both parents. Crossovers also keep the chromosomes connected in matching pairs. These connections guide the distribution of chromosomes when cells divide to produce eggs and sperm. Maintaining crossover connections is especially crucial in females, Hunter said.

As chromosomes pair up in developing egg or sperm cells, matching DNA strands are exchanged and twined together over a short distance to form a structure called a "double Holliday junction." DNA strands of this structure are then cut to join the chromosomes forming a crossover.

In males, developing immature sperm cells then immediately divide and distribute chromosomes to the sperm. In contrast, egg cells developing in the fetal ovary arrest their development after crossovers have formed. The immature egg cells can remain in suspended animation for decades after birth, until they are activated to undergo ovulation.

Only then does the process lurch back into motion: The egg cell finally divides, and the chromosome pairs that were connected by crossovers are finally separated to deliver a single set of chromosomes to the mature egg. "Maintaining the crossover connections over many years is a major challenge for immature egg cells," Hunter said.

If chromosome pairs aren't connected by at least one crossover, they can lose contact with each other, like two people separated in a jostling crowd. This causes them to segregate incorrectly when the cell finally divides, producing egg cells with extra or missing chromosomes. This can cause infertility, miscarriage or genetic conditions such as Down syndrome, in which a child is born with an extra copy of chromosome 21, leading to cognitive impairment, heart defects, hearing loss and other problems.

From yeast to humans

Hunter has spent years trying to understand how crossovers form and how this process can fail and cause reproductive problems. By studying this process in yeast, researchers can directly visualize molecular events of double-Holliday junction resolution in synchronized populations of cells.




Researchers have identified dozens of proteins that bind and process these junctions. Hunter and then-postdoctoral fellow Shangming Tang (now an assistant professor of biochemistry and molecular genetics at the University of Virginia) used a technique called "real-time genetics" to investigate the function of those proteins. With this method, they made cells degrade one or more specific proteins within the junction-associated structures. They could then analyze the DNA from these cells, to see whether the junctions were resolved and if they formed crossovers. In this way, they built up a picture in which a network of proteins function together to ensure that crossovers are formed.

"This strategy allowed us to answer a question that previously wasn't possible," Hunter said.

They identified key proteins such as cohesin that prevent an enzyme called the STR complex (or Bloom complex in humans) from inappropriately dismantling the junctions before they can form crossovers.

"They protect the double Holliday junction," Hunter said. "That is a key discovery."

This years-long research project in yeast is broadly relevant for human reproduction because the process has changed very little during evolution. Failure to protect double-Holliday junctions may be linked to fertility problems in humans.

In addition to Tang, the postdoc, seven undergraduates in the UC Davis College of Biological Sciences contributed to this work, including Jennifer Koo, Mohammad Pourhosseinzadeh, Emerald Nguyen, Natalie Liu, Christopher Ma, Hanyu Lu and Monica Lee.

Additional authors on the paper include Sara Hariri, Regina Bohn and John E. McCarthy, all members of the Hunter lab.

Hunter's research is funded by the National Institutes of Health and the Howard Hughes Medical Institute. His work has also received funding from the UC Davis Comprehensive Cancer Center, the American Cancer Society, the Concern Foundation for Cancer Research, and the Damon Runyon Cancer Foundation.

Hunter's research on crossover and homologous recombination uses advanced scientific facilities at the university's Proteomics Core Facility, MCB Light Microscopy Imaging Facility, Genome Center, Mouse Biology Program, and the Comprehensive Cancer Center.
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The accidental discovery that forged the Iron Age | ScienceDaily
Research from Cranfield University sheds new light onto the transition from the Bronze Age to the Iron Age, showing how experimentation with iron-rich rocks by copper smelters may have sparked the invention of iron.


						
The work reanalyzed metallurgical remains from a site in southern Georgia: a 3000-year-old smelting workshop called Kvemo Bolnisi. During the original analysis in the 1950s, piles of hematite (an iron oxide mineral) and slag (a waste product of the metal production) were found in the workshop. Finding those iron oxides, the original excavators thought the workshop was an early iron smelting site.

However, new research shows that those assumptions were wrong. Rather than iron, workers at Kvemo Bolnisi were smelting copper using iron oxide as a flux -- a substance added into the furnace to increase the resulting copper yield.

These discoveries give weight to a long-discussed theory that iron was invented by copper smelters. This evidence shows that ancient copper metalworkers experimented with iron-bearing materials in a metallurgical furnace, which was a crucial step towards iron smelting.

The importance of iron

While the Iron Age marked the beginnings of widespread iron production, the metal itself wasn't a new discovery. Iron artifacts have been found dating from the Bronze Age, most famously an iron dagger with a gold and rock crystal hilt from the tomb of Egyptian king Tutankhamun. But the earliest iron objects were forged from naturally occurring metallic iron found in meteorites, not extracted from iron ore through smelting. That rarity meant iron was, at that point in history, more valuable than gold.

The development of extractive iron metallurgy changed all this. Iron is one of the most abundant elements on Earth, even though naturally occurring iron metal is very rare. The ability to extract iron from iron ore and work it into useful materials such as tools or weapons is one of the defining technological transformations in human history. The transition into the Iron Age was far from instantaneous, but it gave rise to the iron-wielding armies of Assyria and Rome and later the railroads and steel-frame buildings of the industrial revolution.




Dr Nathaniel Erb-Satullo, Visiting Fellow in Archaeological Science at Cranfield University, said: "Iron is the world's quintessential industrial metal, but the lack of written records, iron's tendency to rust, and a lack of research on iron production sites has made the search for its origins challenging.

"That's what makes this site at Kvemo Bolnisi so exciting. It's evidence of intentional use of iron in the copper smelting process. That shows that these metalworkers understood iron oxide -- the geological compounds that would eventually be used as ore for iron smelting -- as a separate material and experimented with its properties within the furnace. Its use here suggests that this kind of experimentation by copper-workers was crucial to development of iron metallurgy.

"There's a beautiful symmetry in this kind of research, in that we can use the techniques of modern geology and materials science to get into the minds of ancient materials scientists. And we can do all this through the analysis of slag -- a mundane waste material that looks like lumps of funny-looking rock."

The research was supported by grants from the British Institute of Ankara, the Gerda Henkel Foundation, and the American Research Institute of the South Causcasus. The research paper Iron in copper metallurgy at the dawn of the Iron Age: Insights on iron invention from a mining and smelting site in the Caucasus is published in the Journal of Archaeological Science.
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Scientists just found rare spores inside a fossil older than dinosaurs | ScienceDaily
Brazilian paleobotany has just solved an enigma: the redefinition of a fossil plant described decades ago in southern Brazil and the creation of a new genus, Franscinella, to accommodate the species now called Franscinella riograndensis (Salvi et al.) Carniere, Pozzebon-Silva, Guerra-Sommer, Uhl, Jasper et. Spiekermann comb. nov. The study is part of the master's thesis by Julia Siqueira Carniere, currently a doctoral student in the Graduate Program in Environment and Development at Univates (PPGAD). The article, recently published in the scientific journal Review of Palaeobotany and Palynology, reinterprets the type material previously classified as Lycopodites riograndensis and establishes the first record of lycopodites with in situ spores in the Permian strata of the Parana Basin.


						
The discovery reclassifies its original taxonomy and presents a possible resolution to a scientific challenge that had persisted for more than 50 years -- finding in situ plant spores preserved in Upper Paleozoic clastic rocks (between 298.9 million years and 252.17 million years) for Brazil. The feat was made possible thanks to the way the fossil material was preserved, a set of cutting-edge methodologies combining advanced microscopy techniques and an interdisciplinary collaboration between leading institutions in Brazil.

A new look at a classic fossil

The species Lycopodites riograndensis had originally been described on the basis of general macro-morphological characteristics observed in the fossil material. These analyses, made decades ago, considered the shape and arrangement of the stems, but did not have access to more detailed internal information, especially about the anatomy and spores.

With advances in microscopic preparation and analysis techniques, the team led by the University of Vale do Taquari -- Univates, through the Graduate Program in Environment and Development (PPGAD) decided to revisit the standard material, which was available for study in the Univates Paleontological Collection. The aim was to investigate whether, using more refined methodologies, it would be possible to obtain unpublished anatomical and palynological data.

The work used scanning electron microscopy (SEM), vinyl polysiloxane silicone molding (VPS) and transmitted light microscopy, resources that allow surfaces and internal structures to be visualized with great magnification and detail. This approach revealed key elements that justified the taxonomic redefinition, including: isotomic branching in the stems, a typical feature of some fossil lycopsids; tracheids of the vascular cylinder with preserved structure, important for identifying extinct plant groups; and trilete spores with verrucate sculpture preserved in situ, i.e. still within the reproductive structures of the plant.

Obtaining the spores in situ was a decisive -- and complex -- step. The solution came with the use of the infrastructure of the itt Oceaneon Technological Institute at the University of Vale do Rio dos Sinos (Unisinos), which specializes in the recovery of microfossils -- such as pollen grains, spores and marine organisms like radiolarians and ostracodes. The itt Oceaneon team applied a specific protocol for recovering spores in situ, which proved to be efficient for this type of material.




From micro to macro: connecting fossil records

The spores found in Franscinella riograndensis show morphology compatible with the palynological genus Converrucosisporites, common in Permian deposits in the Parana Basin. This correspondence is relevant because it directly links the macrofossil record (visible parts of the plant) to the microfossil record (spores and pollen grains), broadening our understanding of past vegetation and ecosystems.

In practice, this means that researchers can now make more complete interpretations of Permian plant communities, integrating information from different lines of evidence. In addition, this correlation contributes to biostratigraphy studies, which use fossils to date and correlate rock layers.

Why is this discovery important?

The redefinition of Franscinella riograndensis shows how revisiting known fossils with new tools can generate groundbreaking discoveries. Many fossil groups, such as lycopodids, have historically been classified under broad, generic genera, in this case Lycopodites. This type of umbrella classification was a practical solution in the absence of more detailed information, but tends to be revised when new data becomes available.

From a paleobotanical point of view, the recording of lycopsids with spores in situ in the Parana Basin opens up new perspectives for reconstructing the flora of the Permian and for understanding the evolution of vascular plants. From a global scientific perspective, this study contributes to the understanding of the diversity and distribution of herbaceous lycopsids during the Permian in Gondwana, being only the fifth known record, which makes this type of occurrence rare. In addition, it allows comparisons with similar records in other regions of the world, offering new data on the evolution and ecology of these plant groups in the Paleozoic.




The path of the research: institutions and funding

The research was led by scientists from Univates, with decisive participation from itt Oceaneon/Unisinos in the palynological preparation. The work also included contributions from the Federal University of Rio Grande do Sul -- UFRGS and researchers from international institutions such as Senckenberg in Germany. Julia Siqueira Carniere, Andrea Pozzebon-Silva, Rafael Spiekermann, Lilian Maia Leandro, Margot Guerra-Sommer, Dieter Uhl and Andre Jasper.

Technical support from Tecnovates (Univates Science and Technology Park) was fundamental for the infrastructure and logistics stages. The project received funding from Brazilian science development agencies, including the National Council for Scientific and Technological Development (CNPq) and the Coordination for the Improvement of Higher Education Personnel (CAPES).

Glossary

Parana Basin -- A large sedimentary basin stretching across parts of Brazil, Paraguay, Uruguay and Argentina, containing rocks of various geological ages.

Biostratigraphy -- Branch of geology that uses fossils to correlate and date layers of sedimentary rocks.

Converrucosisporites -- A palynological genus based on the morphology of certain types of fossil spore.

Verrucate sculpture -- Surface ornamentation of spores or pollen characterized by rounded, wart-like projections.

Trilete spores -- Spores with a "Y" shaped mark resulting from the process of cell division in the formation of the spore.

Gondwana -- Supercontinent that existed from the end of the Paleozoic to the Mesozoic, bringing together the current continents of the Southern Hemisphere, such as South America, Africa, Antarctica, Australia and India.

In situ -- Latin expression meaning "in the original place"; in paleobotany, it indicates that the microfossil is preserved in the position and place of origin.

Lycopods (Lycopsida) -- Group of primitive vascular plants, with current representatives such as Selaginella and Lycopodium, but much more diverse in the past.

Type material -- Set of fossils or specimens used to formally describe a new species.

Transmitted light microscopy -- Technique that uses light passing through the sample to reveal internal structures.

Scanning electron microscopy (SEM) -- A technique that uses a beam of electrons to generate high-resolution images of the surface of a sample.

Vinyl polysiloxane silicone (VPS) molding -- A method for creating detailed molds of surfaces, often used by dentists.

Upper Paleozoic -- Subdivision of the geological time scale that covers the Carboniferous and Permian periods, between approximately 359 and 252 million years ago.

Palynomorphs -- Microfossils of organic origin, such as pollen grains, spores and some algae.

Clastic rocks -- Sedimentary rocks formed by the accumulation and compaction of fragments (clasts) of other rocks or minerals.
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Tiny stones rewrite Earth's evolution story | ScienceDaily
Earth scientists often face huge challenges when researching the Earth's history: many significant events occurred such a long time ago that there is little direct evidence available. Consequently, researchers often have to rely on indirect clues or on computer models. The team led by ETH Professor Jordon Hemingway, however, has now discovered a unique natural witness to this period: tiny egg-shaped iron oxide stones that can be used to directly measure the carbon reserves in the primordial ocean.


						
Viewed on the outside, they resemble grains of sand, but in terms of their formation, these so-called ooids are more like rolling snowballs: they grow by layers as they are pushed across the sea floor by the waves. In the process, organic carbon molecules adhere to them and become part of the crystal structure.

Examining these impurities, Hemingway's team has succeeded in retracing the supply of organic carbon in the sea -- by up to 1.65 billion years. In the journal Nature, the researchers show that, between 1,000 and 541 million years ago, this store was considerably lower than previously assumed. These findings refute the common explanations of significant geochemical and biological events of that time and cast a new light on the history of the Earth.

The ocean as a reservoir of life's building blocks

How does carbon get into the oceans? On the one hand, carbon dioxide (CO2) dissolves from the air into seawater and is transported to the depths by mixing processes and ocean currents, where it is retained for a long time. On the other hand, organic carbon is produced by photosynthetic organisms such as phytoplankton or certain bacteria. Using the energy of sunlight and CO2, these microscopic organisms produce organic carbon compounds themselves. When the organisms die, they slowly sink towards the sea floor as marine snow. If it reaches the sea floor without being eaten by organisms along the way, the carbon is stored in the sea floor for millions of years.

But it is not only phytoplankton that provides a supply of carbon components. The building blocks of life are also reused: microorganisms decompose excrement and dead organisms, thereby releasing the building blocks again. These molecules form what is known as dissolved organic carbon, which drifts freely in the ocean: a huge reservoir of building blocks that contains 200 times more carbon than is actually 'built into' marine life.

The oxygen revolution changed everything

Based on anomalies in oceanic sedimentary rocks, researchers assumed that this building block reservoir must have been particularly voluminous between 1,000 and 541 million years ago. For a long time, this assumption served as the foundation for explaining how ice ages and complex life emerged at the same time. The photosynthetic production of the building blocks of life is closely linked to the development of the atmosphere and more complex life forms. It was only through photosynthesis that oxygen began to accumulate in the atmosphere.




In two waves -- referred to as the oxygen catastrophes -- the oxygen content rose to its current level of 21 percent. Both events were accompanied by extreme ice ages that covered the entire planet in glaciers. Nevertheless, life continued to tinker and potter with new inventions: during the first oxygen catastrophe 2.4 to 2.1 billion years ago, organisms developed a metabolism converting food into energy with the help of oxygen. This exceedingly efficient way of generating energy enabled the development of more complex life forms.

Carbon content much lower than assumed

Hemingway's team is tracking such connections between geochemical and biological developments. The researchers have developed a new method that allows them to directly determine the size of the marine building block store at that particular time, based on the carbon particles in ooids.

"Our results contradict all previous assumptions," as Hemingway summarizes. According to the measurements taken by the ETH researchers, between 1,000 to 541 million years ago, the ocean did not contain more, but actually 90 to 99 percent less dissolved organic carbon than it does today. It was only after the second oxygen catastrophe that the values rose to the current level of 660 billion tonnes of carbon.

"We need new explanations for how ice ages, complex life and oxygen increase are related," says lead author Nir Galili. He explains the massive shrinkage of the carbon store with the emergence of larger organisms at that time: single-celled and early multicellular organisms sank faster after their death, thereby increasing marine snowfall.

However, the carbon particles were not recycled in the deeper layers of the ocean because there was very little oxygen there. They settled on the sea floor, causing the reservoir of dissolved organic carbon to decline sharply. It was only when oxygen accumulated in the deep sea that the carbon reservoir grew back to its current volume.

From the primordial ocean to the present day

Although the periods studied are long past, the research findings are significant for the future. They change our view of how life on earth and possibly also on exoplanets has developed. At the same time, they help us understand how the Earth responds to disturbances, and humans are one such disturbance: the warming and pollution of the oceans caused by human activities are currently leading to a decline in marine oxygen levels. Consequently, it cannot be ruled out that the events described could repeat themselves in the distant future.
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A pink bumpy snailfish was just discovered miles beneath the ocean | ScienceDaily
The bumpy snailfish is one of three new species of deep-sea snailfish described by MBARI collaborators at SUNY Geneseo.


						
MBARI's advanced underwater technology is revealing the remarkable species that thrive in the deep sea. In 2019, MBARI researchers encountered an unfamiliar pink snailfish swimming just above the seafloor. New research from MBARI collaborators has confirmed this individual represents a species previously unknown to science: the bumpy snailfish (Careproctus colliculi).

A team of researchers from the State University of New York at Geneseo (SUNY Geneseo), with scientists from the University of Montana and the University of Hawai`i at Manoa, published their findings in the scientific journal Ichthyology and Herpetology, describing the bumpy snailfish observed by MBARI researchers alongside two other snailfishes from the abyssal seafloor offshore of California.

"MBARI seeks to make ocean exploration more accessible by sharing our data and technology with our peers in the science community. We welcomed the opportunity to collaborate with researchers from SUNY Geneseo to expand our understanding of life in the deep ocean, especially since documenting deep-sea biodiversity is critical to detecting any changes that may be occurring in this environment," said MBARI Senior Scientist Steven Haddock, who led the research expedition that encountered the bumpy snailfish.

Uncovering secrets to survival in extreme environments

Snailfishes belong to the family Liparidae. They typically have a large head, jelly-like body covered in loose skin, and narrow tail. Many snailfish species have a disk on their belly that allows them to grip the seafloor or hitchhike on larger animals, such as deep-sea crabs. Shallow-water snailfishes often cling to rocks and seaweed, curling up like a snail.

Scientists have described more than 400 different species of snailfish worldwide. These fishes make their homes in a variety of ocean habitats, from shallow tide pools to deep-sea trenches. In fact, a snailfish holds the record for the deepest-dwelling fish.




SUNY Geneseo Associate Professor Mackenzie Gerringer studies deep-sea physiology and ecology and has conducted extensive research on deep-sea snailfishes. Her research uses comparative techniques in taxonomy, functional morphology, and physiology to understand how fishes are adapted to life under crushing pressure, frigid cold, and perpetual darkness in the ocean's depths.

"The deep sea is home to an incredible diversity of organisms and a truly beautiful array of adaptations. Our discovery of not one, but three, new species of snailfishes is a reminder of how much we have yet to learn about life on Earth and of the power of curiosity and exploration," said Gerringer.

Chance encounters spark new discoveries

MBARI's Biodiversity and Biooptics Team observed the newly described bumpy snailfish during an expedition aboard the institute's retired flagship research vessel Western Flyer. Haddock and his team were exploring the outer reaches of Monterey Canyon, approximately 100 kilometers (62 miles) offshore of Central California, with MBARI's remotely operated vehicle Doc Ricketts at a depth of 3,268 meters (10,722 feet) when they observed this small snailfish swimming above the abyssal seafloor.

MBARI researchers collected this individual -- an adult female 9.2 centimeters (3.6 inches) long -- for further study in the laboratory. With features unlike other deep-sea snailfishes that MBARI had encountered offshore of California, Haddock reached out to Gerringer for more detailed analysis. MBARI frequently collaborates with expert taxonomists to review footage and specimens. These partnerships offer fresh perspectives that often spark new discoveries.

New additions to the family

Gerringer and researchers from the University of Montana and the University of Hawai`i at Manoa, including former MBARI postdoctoral fellow Jeff Drazen, examined the bumpy snailfish as part of a comprehensive analysis of three unusual snailfish specimens collected offshore of California. The team combined imaging, morphological, and genetic approaches to compare these snailfishes to other known fishes.




Using microscopy, micro-computed tomography (micro-CT) scanning, and careful measurements, the team collected detailed information about the size, shape, and physical characteristics of the three fishes, distinguishing them from all known species. They also sequenced the DNA of the specimens to compare these animals to other snailfishes and determine their evolutionary position in the family Liparidae. Their examination confirmed that all three snailfishes were new to science. The team has made their CT scan data publicly available via MorphoSource and genetic sequence data via GenBank (PV300955-PV300957 and PV298545-PV298546).

In addition to the bumpy snailfish, the SUNY Geneseo team described the dark snailfish (Careproctus yanceyi) and the sleek snailfish (Paraliparis em).

The bumpy snailfish has a distinctive pink color, a round head with large eyes, wide pectoral fins with long uppermost rays, and a bumpy texture. The dark snailfish has a fully black body with a rounded head and horizontal mouth. The sleek snailfish is distinguished from other snailfishes by a long, black, laterally compressed body, absence of a suction disk, and prominently angled jaw.

Both the dark and sleek snailfishes were collected in 2019 by Drazen and colleagues during an expedition with the submersible Alvin at Station M, a research site operated by MBARI offshore of Central California at a depth of approximately 4,000 meters (13,100 feet). MBARI scientists and researchers worldwide have leveraged a unique 30-year dataset collected by a suite of advanced instruments at Station M to make several important discoveries about abyssal ecosystems and the ocean-climate connection. The species name of the sleek snailfish, Paraliparis em, recognizes this unique research site and the people and programs that have supported the Station M time series.

Haddock's encounter is the only confirmed observation of the bumpy snailfish, so the full geographic distribution and depth range of this species remain unknown. However, a closer look at MBARI's extensive archive of underwater video suggests this species may have been previously encountered offshore of Oregon in 2009 and mistaken for a similar species, the bigtail snailfish (Osteodiscus cascadiae).

Cataloging life in the depths

The deep sea is the largest living space on Earth. The inky waters beneath the ocean's surface teem with life, including many species unknown to science. With threats like climate change and mining putting deep-sea communities at risk, documenting the residents of this environment is more urgent than ever.

Over the past 38 years, MBARI researchers and our collaborators have discovered more than 300 new species. We share video footage and specimens with taxonomy experts around the world, giving other researchers access to the deep sea. MBARI science and technology are helping establish a baseline understanding of ocean health and deep-sea biodiversity so we can better assess how climate change, pollution, mining, and other human activities will affect the marine ecosystems. From the mesmerizing "mystery mollusc" to the carnivorous harp sponge, each discovery is a new piece of the puzzle.

Funding for this work was provided by the U.S. National Science Foundation Division of Ocean Sciences (OCE-1829612), the David and Lucile Packard Foundation, and the SUNY Geneseo Research Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250926035023.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Biochar's secret power could change clean water forever | ScienceDaily

The Electron Ninja: Biochar's Secret Power

The secret lies in electron transfer -- a natural ability of biochar that's been overlooked for years. Think of it like this: instead of just catching a bad guy (adsorption), biochar can now take them down on its own (direct degradation). Using advanced electrochemical tests, quantification methods, and correlation analysis, the team proved that biochar actively breaks down organic pollutants through direct electron transfer -- without needing extra chemicals. In their experiments, direct degradation accounted for up to 40% +- 10% of the total pollutant removal. That's almost half the cleaning power coming straight from the biochar itself!

What Makes Biochar So Electric?

Not all biochar is created equal. The team discovered that three key features supercharge its electron power:
    	C-O and O-H functional groups - the "handholds" for electron transfer
    	Graphitic carbon structure - the "highway" for electrons to travel fast The better the structure, the more electrons flow, and the faster pollutants vanish.

Even after five reuse cycles, the biochar kept its direct degradation power -- nearly 100% stable. That's sustainability with stamina.

Why This Changes Everything

This study flips the script on how we use biochar in wastewater treatment. It's not just a passive filter or a sidekick catalyst -- it's an active pollutant destroyer.




This means:
    	Fewer chemicals needed in water treatment plants
    	Lower costs and less sludge
    	Greener, smarter purification for industries and communities

"Biochar has been underestimated," says Dr. Gao. "It's not just a sponge -- it's a battery, a conductor, and a degrader all in one. We're just beginning to tap into its true potential."

A New Era for Environmental Engineering

With industrial pollution still a global challenge, discoveries like this are more than just lab wins -- they're blueprints for a cleaner future. By clarifying the difference between adsorption, direct degradation, and indirect (catalytic) degradation, this research paves the way for smarter, more efficient biochar design -- custom-built for real-world water crises. And at the heart of it all is Dalian University of Technology, shining as a hub of innovation in environmental science and industrial ecology.

Ready to Rethink "Clean"?

Next time you hear "biochar," don't just think "carbon-rich charcoal." Think electron-powered eco-warrior -- silently zapping pollutants, one electron at a time. Kudos to Dr. Yuan Gao and the DUT team for pushing the boundaries of green tech. Stay tuned, stay curious, and let's keep turning science into solutions -- for cleaner water, healthier ecosystems, and a more sustainable world.
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Toxic waste could become the next clean energy breakthrough | ScienceDaily
A sticky, toxic by-product that has long plagued renewable energy production may soon become a valuable resource, according to a new review published in Biochar.


						
When biomass such as crop residues, wood, or other organic matter is heated to produce clean energy and biochar, it also generates a thick liquid known as bio-tar. This tar easily clogs pipelines, damages equipment, and poses environmental risks if released into the atmosphere. For decades, researchers have sought ways to eliminate or neutralize it.

Now, a team led by scientists at the Chinese Academy of Agricultural Sciences argues that instead of being treated as waste, bio-tar can be converted into "bio-carbon" -- a novel material with applications ranging from water purification to clean energy storage.

"Our review highlights how turning bio-tar into bio-carbon not only solves a technical problem for the bioenergy industry, but also opens the door to producing advanced carbon materials with high economic value," said senior author Dr. Zonglu Yao.

The review examines how chemical reactions inside bio-tar, particularly those involving oxygen-rich compounds like carbonyls and furans, naturally promote polymerization -- processes where small molecules link together to form larger, more stable carbon structures. By carefully adjusting temperature, reaction time, and additives, researchers can harness this process to produce bio-carbon with tailored properties.

The resulting material, the authors note, is distinct from ordinary biochar. Bio-carbon typically has higher carbon content, lower ash, and unique structural features that make it especially suited for advanced uses. Early studies suggest that bio-carbon could serve as:
    	Adsorbents to clean polluted water and air by trapping heavy metals and organic contaminants.
    	Electrode materials for next-generation supercapacitors, which are vital for renewable energy storage.
    	Catalysts that speed up industrial chemical reactions more sustainably than traditional fossil-based options.
    	Clean-burning fuels with lower emissions of harmful nitrogen and sulfur oxides.

Importantly, recent economic and life-cycle assessments suggest that converting bio-tar into bio-carbon can deliver net-positive energy, financial, and environmental benefits. For example, replacing coal with bio-carbon fuels could cut carbon dioxide emissions by hundreds of millions of tons annually, while also generating profits for biomass processing plants.

Still, challenges remain. The chemical complexity of bio-tar makes it difficult to fully control the polymerization process, and large-scale production has not yet been achieved. The authors recommend combining laboratory experiments with computer simulations and machine learning to optimize reaction pathways and design bio-carbon with specific functions.

"Bio-tar polymerization is not just about waste treatment -- it represents a new frontier for creating sustainable carbon materials," said first author Yuxuan Sun. "With further research, this approach could significantly improve the efficiency of biomass energy systems while providing new tools for environmental protection and clean technology."

The study provides a roadmap for scientists and industry partners to turn one of bioenergy's biggest obstacles into a powerful resource for the future.
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Hidden "electron highways" beneath our feet could revolutionize pollution cleanup | ScienceDaily
Beneath our feet, an invisible world of electron exchanges quietly drives the chemistry that sustains ecosystems, controls water quality, and even determines the fate of pollutants. A new review published in Environmental and Biogeochemical Processes sheds light on how electrons travel through soils and sediments across surprisingly long distances -- sometimes spanning centimeters to meters -- reshaping our understanding of underground environments and offering new strategies for pollution cleanup.


						
Redox reactions -- the give-and-take of electrons between chemical species -- are fundamental to life and environmental stability. They govern how nutrients cycle, how contaminants move, and how microbes harvest energy. Traditionally, scientists believed these reactions were confined to microscopic "hotspots" at mineral or microbial surfaces. But the new study, led by researchers from the China University of Geosciences, shows that electron transfer (ET) in the subsurface can extend far beyond the nanoscale, linking distant chemical zones into vast underground electron networks.

At the smallest scales, ET occurs directly at mineral-water or microbe-mineral interfaces, where single molecules or cells exchange electrons over nanometers. But recent discoveries reveal more dramatic processes: conductive minerals, natural organic molecules, and even specialized bacteria known as "cable bacteria" can act as electron bridges, transmitting charges across centimeters. In some cases, stepwise connections form "long-distance ET chains" that span tens of centimeters or more, effectively creating underground electron highways.

"These findings challenge the old view that electron transfer is strictly local," said corresponding author Prof. Songhu Yuan. "We now know that redox processes can connect across surprisingly large distances, coupling reactions in one zone with those in another. This has profound implications for contaminant remediation and environmental sustainability."

The review highlights how these multiscale ET processes influence both natural cycles and human-driven pollution management. For example, long-distance ET can enable "remote remediation," in which contaminants are degraded in hard-to-reach zones without direct chemical injection. Conductive minerals or added biochar can expand microbial activity, while cable bacteria help couple oxygen at the sediment surface with sulfide deep below, reducing harmful emissions.

The authors also outline the next frontiers in ET research: developing better tools to measure electron flows across scales, creating models that integrate nanoscale reactions with field-scale processes, and designing remediation technologies that harness these natural electron pathways.

"Our work provides a conceptual framework for thinking about the subsurface as an interconnected redox system," said co-author Dr. Yanting Zhang. "By understanding how electrons move underground, we can better predict the fate of nutrients and pollutants and design more effective strategies to protect groundwater and ecosystems."

This synthesis bridges fundamental science with practical applications, offering hope that tomorrow's environmental engineers may one day plug into Earth's own "electron grid" to restore contaminated soils and aquifers.
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How gaslighting tricks the brain into questioning reality | ScienceDaily
Gaslighting could happen to anyone who trusts the wrong person, a McGill University researcher says.


						
Willis Klein, a PhD candidate in the Department of Psychology, was part of a team from McGill and the University of Toronto that developed a new theoretical model with which to understand how manipulators are able to make their targets question their sense of reality over a period of time.

Though gaslighting has been a popular topic of discussion in the public sphere for the last few years, it has not been thoroughly investigated from a scientific point of view, according to the researcher.

Klein is lead author of a paper that suggests gaslighting can be viewed as a learning process, using the concept of prediction error minimization (PEM). PEM describes how the mind maps out the input it receives from the world, and strives, based on this information, to predict the future, adjust its expectations and respond to the environment. Up to now, gaslighting has mostly been examined through a psychodynamic lens, but that analytical framework is no longer widely used in North American scientific psychology, he said.

Klein conducted this work as a member of the McGill Laboratory of Affiliation and Prosociality led by Professor Jennifer Bartz. Suzanne Wood of the University of Toronto also was part of the research team. The three are co-authors of the paper.

Gaslighting as a learning process

"When you trust or you love somebody, you expect them to behave in a particular way. Gaslighters, in our view, are behaving in an atypical way, one that is somewhat surprising, and they're making use of that surprise to direct the learning of the people they target," explained Klein.




In addition to behaving in a way that violates your expectations, a gaslighter will, according to the researcher, suggest that the cause of your surprise has something to do with your general grip of reality, making you feel what he calls "epistemically incompetent."

"This is repeated over and over, until the target has really integrated the idea that they don't actually have a good grasp on reality," said Klein.

The role of trust and close others

The model also relies on the idea that we depend on others -- especially close others -- to form our sense of self and reality. This, combined with the view of gaslighting as a learning process, means that anyone could fall victim to gaslighting, according to Klein.

"In our model there's not necessarily anything specific about the target of gaslighting that makes them particularly vulnerable to it. In essence, it could happen to anyone, so long as they're trusting the wrong person," he explained.

Klein said he thinks future inquiries into this subject could, however, reveal that some personal characteristics can affect a person's susceptibility to being gaslit, like certain attachment styles or a history of trauma. He said he hopes future research can also validate various components of the model and lead to better support for people who have been victims of gaslighting.

About the study

"A Theoretical Framework for Studying the Phenomenon of Gaslighting," by Willis Klein, Suzanne Wood and Jennifer A. Bartz was published in Personality and Social Psychology Review.

The research was supported by the Fonds de Recherche du Quebec -- Societe et Culture (FRQSC), the Natural Sciences and Engineering Council of Canada (CRSNG) and the Social Science and Humanities Research Council of Canada (SSHRC).
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Viral apple cider vinegar weight loss study retracted for flawed science | ScienceDaily
BMJ Group has retracted research suggesting that small daily quantities of apple cider vinegar might help people who are overweight or obese to lose weight.


						
The small clinical trial was published in the open access journal BMJ Nutrition, Prevention & Health in March 2024 and its findings press released. The study findings generated widespread international attention at the time, and continue to be frequently referred to in media coverage.

The retraction was prompted by concerns raised about the quality of the work, including the approach to statistical analysis of the data; implausible statistical values; the reliability of the raw data; inadequate reporting of methods; and lack of prospective trial registration, which breaches BMJ Group's editorial policy.

Initially, concerns were raised in critiques of the study, some of which were published as letters in the journal. But after review by BMJ Group's content integrity team, the study was referred to statistical experts to evaluate its reliability. This included attempts to replicate the results and examine the authenticity of the underlying data supplied by the authors.

It wasn't possible for the statisticians to replicate the results and multiple analytical errors were identified. There were also irregularities in the data set, and their report, which is appended to the retraction notice, concluded that the data collected from each participant would require further independent scrutiny.

The authors said that the identified errors were honest mistakes, but they agree with the decision to retract the study.

Dr Helen Macdonald, Publication Ethics and Content Integrity Editor at BMJ Group, said: "Tempting though it is to alert readers to an ostensibly simple and apparently helpful weight loss aid, at present the results of the study are unreliable, and journalists and others should no longer reference or use the results of this study in any future reporting."

She added: "This retraction reflects our strategic and proactive approach to investigating concerns raised about the content we publish. We act where necessary in the interests of openness and the importance of correcting the scientific record.




"While we deal with allegations as swiftly as possible, it's very important that due process is followed. Investigations are often complex. This one involved detailed scrutiny of data and correspondence with researchers, institutions, and other experts, for example. Reaching a sound and fair and final decision can therefore take several months."

Commenting on the decision to publish the study despite the lack of trial registration, Professor Martin Kohlmeier, editor in chief of BMJ Nutrition Prevention & Health, explained: "In hindsight, this was the wrong decision to make. But the authors come from a scientific environment that is underrepresented in nutritional research and the journal aims to prioritise high quality evidence, which usually comes from clinical trials.

"These are relatively unusual in nutritional research as they can be challenging to undertake because of the numbers of participants and time needed to obtain meaningful results."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/10/251001092216.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Why Gen X women can't stop eating ultra-processed foods | ScienceDaily
They were the first generation of Americans to grow up with ultra-processed foods all around them - products typically loaded with extra fat, salt, sugar and flavorings. They were children and young adults at a time when such products, designed to maximize their appeal, proliferated.


						
Now, a study shows, 21% of women and 10% of men in Generation X and the tail end of the Baby Boom generation, now in their 50s and early 60s, meet criteria for addiction to these ultra-processed foods.

That rate is far higher than it is among adults who grew up just a decade or two earlier, and only encountered ultra-processed foods in adulthood. Among adults age 65 to 80, just 12% of women and 4% of men meet criteria for ultra-processed food addiction.

The study, published in the journal Addiction by a team from the University of Michigan, is based on nationally representative data from more than 2,000 older Americans surveyed by the U-M National Poll on Healthy Aging.

The poll is based at the U-M Institute for Healthcare Policy and Innovation and supported by Michigan Medicine, U-M's academic medical center. The new paper builds on a previous poll report by diving deeper into generational differences and correlations with health.

Measuring food addiction in an under-studied group

The researchers used the modified Yale Food Addiction Scale 2.0 (mYFAS 2.0), a standardized tool adapted from the criteria used to diagnose substance use disorders. The scale asks about 13 experiences with ultraprocessed foods and drinks that define addiction, such as strong cravings, repeated unsuccessful attempts to cut down, withdrawal symptoms, and avoiding social activities because of fear of overeating.




In this case, the "substance" is not alcohol or nicotine, but highly rewarding ultra-processed foods such as sweets, fast food, and sugary beverages. By applying clinical addiction criteria to ultra-processed foods, the study highlights the ways in which such foods can "hook" people.

"We hope this study fills a gap in knowledge about addiction to ultra-processed foods among older adults, as measured by a well-studied and standardized scale," said Lucy K. Loch, a graduate student in the U-M Department of Psychology. "Today's older adults were in a key developmental period when our nation's food environment changed. With other research showing clear links between consumption of these foods and risk of chronic disease and premature death, it's important to study addiction to ultra-processed foods in this age group."

Differences by gender

Unlike traditional substance use disorders -- which historically have been more common in older men -- ultra-processed food addiction shows the opposite pattern: higher prevalence in older women.

One explanation may be the aggressive marketing of "diet" ultra-processed food to women in the 1980s.

Low-fat cookies, microwaveable meals, and other carbohydrate-heavy products were promoted as weight-control solutions, but their engineered nutrient profiles may have reinforced addictive eating patterns.




Women now aged 50 to 64 may have been exposed to ultraprocessed foods during a sensitive developmental window, which may help explain the poll's findings for this age group, said senior author Ashley Gearhardt, Ph.D., a professor of psychology at U-M and member of IHPI. Gearhardt leads the U-M Food and Addiction Science & Treatment Lab.

"The percentages we see in these data far outpace the percentages of older adults with problematic use of other addictive substances, such as alcohol and tobacco," said Gearhardt. "We also see a clear association with health and social isolation, with much higher risks of ultra-processed food addiction in those who call their mental or physical health status fair or poor, or say they sometimes or often feel isolated from others."

Key findings related to overweight, health status and social isolation
    	Overweight self-perception:            	Women aged 50 to 80 who said they are overweight were more than 11 times as likely to meet criteria for ultra-processed food addiction than women who say their weight is about right. Men who reported being overweight were 19 times as likely.
        	No matter what their age, 33% of women who described themselves as overweight, 13% of women who described themselves as slightly overweight and 17% of men who described themselves as overweight met criteria for addiction to ultra-processed foods. Of the total sample, 31% of women and 26% of men in the sample said they were overweight and 40% of women and 39% of men said they were slightly overweight.
    
    
    	Health status:            	Men reporting fair or poor mental health were four times as likely to meet criteria for ultra-processed food addiction; women were nearly three times as likely.
        	For physical health, men reporting fair or poor health were three times as likely to meet criteria for ultra-processed food addiction, and women were nearly two times as likely.
    
    
    	Social isolation: Men and women who reported feeling isolated some of the time or often were more than three times as likely to meet criteria for ultra-processed food addiction as those who did not report isolation.

The researchers suggest that individuals who perceive themselves as overweight may be particularly vulnerable to "health-washed" ultra-processed foods - those marketed as low-fat, low-calorie, high-protein or high-fiber, but still formulated to amplify their appeal and maximize craving.

"These products are sold as health foods - which can be especially problematic for those trying to reduce the number of calories they consume," Gearhardt said. "This especially affects women, because of the societal pressure around weight."

Looking Ahead

The generation of older adults now in their 50s and early 60s is the first to live most of their lifespan in a food environment dominated by ultra-processed foods, Geahardt noted.

"These findings raise urgent questions about whether there are critical developmental windows when exposure to ultra-processed foods is especially risky for addiction vulnerability," she said. "Children and adolescents today consume even higher proportions of calories from ultra-processed foods than today's middle-aged adults did in their youth. If current trends continue, future generations may show even higher rates of ultra-processed food addiction later in life."

She added, "Just as with other substances, intervening early may be essential to reducing long-term addiction risk across the lifespan."

About the study

The study was funded by a National Science Foundation Graduate Research Fellowship Program (DGE-2241144) and the National Institute on Drug Abuse of the National Institutes of Health (5R01DA055027).

In addition to Loch and Gearhardt, the study's co-authors are Matthias Kirch, M.S., Dianne C. Singer, M.P.H, Erica Solway, Ph.D., M.S.W., M.P.H., J. Scott Roberts, Ph.D. and poll director Jeffrey T. Kullgren, M.D., M.P.H., M.S. Roberts is a member of the faculty at the U-M School of Public Health, and Kullgren is a member of the faculty in the U-M Medical School and a primary care physician at the VA Ann Arbor Healthcare System.
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Four strange secrets scientists just found in beer and wine | ScienceDaily
Scientists regularly uncork fresh insights into beer and wine -- even though they were invented thousands of years ago. Four recent discoveries go beyond buzz and bouquet, diving into the haziness and gluten content of beer as well as the astringent taste and potential health impacts of wine. Sip back and learn more about research published in ACS' Journal of Agricultural and Food Chemistry.


						
1. Yeast extracts add haze to lager beer.

Hazy beer styles are becoming more popular, and their namesake characteristic usually comes from tiny particles made of barley proteins and hop polyphenols. Alternatively, to produce haziness, researchers have added yeast extracts to two brands of clear lager. The additions made both beverages extremely cloudy because of interactions between ribonucleic acids (RNA) in the extract and proteins in the beer. The researchers say that yeast RNA extracts could be another way to create desirable haziness levels.

2. Lateral flow test detects gluten in beer, food.

People who want or need to avoid gluten should know whether their drinks are safe to consume. A new lateral flow strip detects this protein in food and drinks, and it is sensitive to concentrations from 0 to more than 20 parts per million (ppm). The strip's three lines indicate four ranges below the U.S. Food and Drug Administration's gluten-free limit (20 ppm), showing results in less than three minutes with 98% accuracy. Researchers demonstrated the device's effectiveness using real-world samples, including foods labeled gluten-free and a gluten-containing beer.

3. Tannins in red wine make you pucker.

A recent small-scale study examined why red wine has an astringent taste, often described as drying or lip-puckering. Trained tasting panelists rated red wines with higher tannin content as more astringent. The researchers found that tannins act like a lid for the tiny aquaporin channels in the tongue and salivary glands, letting water exit more than it enters. They say this discovery helps explain red wine's drying mouthfeel and enhances the understanding of beverages' perceived characteristics.

4. Wine sulfites change the gut microbiome.

Sulfites help wine last longer but can cause headaches or digestive issues for some people. So, researchers studied in lab tests how sulfites added to wine and an ethanol-containing liquid affect gut bacteria. They passed the samples through a three-stage process meant to mimic human digestion. After digestion, samples with sulfites contained lower amounts of some beneficial bacteria and greater amounts of bacteria related to negative health effects than before digestion. However, the changes were less in the real wine samples, which the researchers say suggests compounds, such as polyphenols, in wine offered slight protection
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        A single dose of psilocybin may rewire the brain for lasting relief
        Penn researchers found that psilocybin can calm brain circuits tied to pain and mood, easing both physical suffering and emotional distress in animal studies. The compound works in the anterior cingulate cortex, bypassing injury sites and offering a dual benefit for pain and depression. Unlike opioids, psilocybin is non-addictive and may provide relief lasting weeks.

      

      
        A century-old piano mystery has just been solved
        Scientists confirmed that pianists can alter timbre through touch, using advanced sensors to capture micro-movements that shape sound perception. The discovery bridges art and science, promising applications in music education, neuroscience, and beyond.

      

      
        How gaslighting tricks the brain into questioning reality
        Gaslighting, often seen as a form of manipulation, has now been reframed by researchers at McGill University and the University of Toronto as a learning process rooted in how our brains handle prediction and surprise. Instead of merely being explained through outdated psychodynamic theories, this new model highlights how trust and close relationships can be exploited by manipulators who repeatedly undermine a person's confidence in their own reality.

      

      
        Before they sucked blood, leeches were ocean hunters
        A 430-million-year-old fossil has rewritten leech history, showing they are at least 200 million years older than previously believed. Unlike today's bloodsucking leeches, their ancient ancestors likely hunted small marine animals using a tail sucker rather than piercing skin.

      

      
        Black mamba venom has a deadly hidden second strike
        Scientists have uncovered a dangerous hidden feature in Black Mamba venom that explains why antivenoms sometimes fail. The study revealed that several mamba species launch a dual neurological attack, first causing limp paralysis and then unleashing painful spasms once treatment begins.

      

      
        This tiny butterfly has the most chromosomes of any animal on Earth
        Scientists have confirmed that the Atlas blue butterfly carries the most chromosomes of any animal, with 229 pairs. Unlike duplication, its chromosomes split apart, reshaping its genome in surprising ways. This discovery sheds light on evolution, conservation, and even cancer research.

      

      
        Astronomers stunned as fiery auroras blaze on a planet without a star
        The James Webb Telescope has revealed fierce auroras, storms, and unchanging sand-like clouds on the rogue planet SIMP-0136. These insights are pushing the boundaries of our understanding of alien atmospheres and exoplanet weather.

      

      
        Scientists finally explain the real reason pregnant women get morning sickness
        Morning sickness isn't just random misery--it's a biological defense system shaped by evolution to protect the fetus. By linking immune responses to nausea and food aversions, UCLA researchers show these symptoms are signs of a healthy pregnancy.

      

      
        Fossils in germany reveal a Jurassic sea monster with a swordfish snout
        Scientists have named a new ichthyosaur, Eurhinosaurus mistelgauensis, from fossils found in Mistelgau, Germany. The marine reptile had a dramatic overbite similar to swordfish and unique skeletal traits that set it apart from other species. The discovery underscores Mistelgau's global significance as a Jurassic fossil site, with more studies underway to uncover how these animals lived and thrived.

      

      
        Junk food can scramble memory in just 4 days
        Scientists discovered that high-fat junk food disrupts memory circuits in the brain almost immediately. Within just four days, neurons in the hippocampus became overactive, impairing memory. Restoring glucose calmed the neurons, showing that interventions like fasting or dietary shifts can restore brain health. This could help prevent obesity-related dementia and Alzheimer's.

      

      
        The accidental discovery that forged the Iron Age
        Ancient copper smelters may have accidentally set the stage for the Iron Age. At a 3,000-year-old workshop in Georgia, researchers discovered that metalworkers were using iron oxide not to smelt iron but to improve copper yields. This experimentation shows how curiosity with materials could have sparked one of history's greatest technological leaps, turning iron from a rare celestial metal into the backbone of empires and industry.

      

      
        Autism may be the price of human intelligence
        Researchers discovered that autism's prevalence may be linked to human brain evolution. Specific neurons in the outer brain evolved rapidly, and autism-linked genes changed under natural selection. These shifts may have slowed brain development in children while boosting language and cognition. The findings suggest autism is part of the trade-off that made humans so cognitively advanced.

      

      
        Cocoa supplements show surprising anti-aging potential
        Daily cocoa extract supplements reduced key inflammation markers in older adults, pointing to a role in protecting the heart. The findings reinforce the value of flavanol-rich, plant-based foods for healthier aging.

      

      
        Four strange secrets scientists just found in beer and wine
        Beer and wine, staples of human history for millennia, are still yielding new surprises. Recent research highlights how yeast extracts can cloud lagers, gluten can be quickly detected with a simple test strip, tannins give red wine its lip-puckering edge, and sulfites alter gut bacteria in unexpected ways. These discoveries not only deepen our understanding of these drinks' sensory qualities but also hint at implications for health and brewing innovation.

      

      
        Mysterious "quantum echo" in superconductors could unlock new tech
        Researchers have discovered an unusual "quantum echo" in superconducting materials, dubbed the Higgs echo. This phenomenon arises from the interplay between Higgs modes and quasiparticles, producing distinctive signals unlike conventional echoes. By using precisely timed terahertz radiation pulses, the team revealed hidden quantum pathways that could be used to encode and retrieve information.

      

      
        Tiny stones rewrite Earth's evolution story
        Scientists have uncovered an unexpected witness to Earth's distant past: tiny iron oxide stones called ooids. These mineral snowballs lock away traces of ancient carbon, revealing that oceans between 1,000 and 541 million years ago held far less organic carbon than previously thought. This discovery challenges long-standing theories linking carbon levels, oxygen surges, and the emergence of complex life.

      

      
        A pink bumpy snailfish was just discovered miles beneath the ocean
        Scientists have identified three new species of deep-sea snailfish, including the strikingly pink "bumpy snailfish," thanks to MBARI's advanced technology and global collaborations. Found thousands of meters below the surface off California, these elusive fish demonstrate remarkable adaptations for life under crushing pressure and darkness.
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A single dose of psilocybin may rewire the brain for lasting relief | ScienceDaily
Researchers at Penn Medicine have identified specific brain circuits that are impacted by psilocybin -- the active compound found in some psychedelic mushrooms -- which could lead to new paths forward for pain and mental health management options. Chronic pain affects more than 1.5 billion people worldwide and is often deeply entangled with depression and anxiety, creating a vicious cycle that amplifies suffering and impairs quality of life. The study from the Perelman School of Medicine at the University of Pennsylvania- published today in Nature Neuroscience- offers new insight into ways to disrupt this cycle.


						
"As an anesthesiologist, I frequently care for people undergoing surgery who suffer from both chronic pain and depression. In many cases, they're not sure which condition came first, but often, one makes the other worse," said Joseph Cichon, MD, PhD, an assistant professor of Anesthesiology and Critical Care at Penn and senior author of the study. "This new study offers hope. These findings open the door to developing new, non-opioid, non-addictive therapies as psilocybin and related psychedelics are not considered addictive."

Targeting the Brain's Pain and Mood Hub

In studies using mice with chronic nerve injury and inflammatory pain, researchers found that a single dose of psilocybin reduced both pain and pain-induced anxiety and depression-like behaviors, with those benefits lasting almost two weeks. Psilocybin acts by gently activating specific brain signals, called serotonin receptors (5-HT2A and 5-HT1A). "Unlike other drugs that fully turn these signals on or off, psilocybin acts more like a dimmer switch, turning it to just the right level," said Cichon.

To pinpoint where the effects originated, researchers injected psilocin -- the active substance into which the body converts psilocybin -- into different regions of the central nervous system. The team used advanced fluorescent microscopy, a technique that uses glowing dyes to see and capture neuronal activity, to see chronic pain neurons spontaneously firing. When psilocin was injected directly into the prefrontal cortex of the brain, specifically the anterior cingulate cortex (ACC), a part of the brain that processes pain and emotions, it provided the same pain relief and mood improvements as when psilocybin was given to the whole body.

Researchers also injected psilocin into the spinal cord, but it didn't have the same calming effect. "Psilocybin may offer meaningful relief for patients by bypassing the site of injury altogether and instead modulating brain circuits that process pain, while lifting the ones that help you feel better, giving you relief from both pain and low mood at the same time," said Cichon.

Results Can Drive Future Psilocybin Research

Researchers believe the findings from this study could also inform therapies for other conditions involving dysregulated brain circuits, such as addiction or post-traumatic stress disorder. Cichon adds that more research is needed to determine the effectiveness of psilocybin. "In my anesthesiology practice, I often see that both pain and mood symptoms can worsen following surgery due to the physiological and psychological stress imposed by the procedure. While psilocybin shows promise as a treatment for both pain and depression, it remains uncertain whether such therapies would be safe, effective, or feasible in the context of surgery and anesthesia," adds Cichon. The Penn team plans to investigate optimal dosing strategies, long-term effects, and the ability of the brain to re-wire itself in sustaining these benefits in rodent models. "While these findings are encouraging, we don't know how long-lived psilocybin's effects are or how multiple doses might be needed to adjust brain pathways involved in chronic pain for a longer lasting solution," adds Stephen Wisser, co-author and a Penn Neuroscience PhD student in Cichon's lab.

The study was funded by the National Institutes of Health (R35GM151160-01) and the American Society of Regional Anesthesia and Pain Medicine (ASRA) Chronic Pain Medicine Research Award.
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A century-old piano mystery has just been solved | ScienceDaily
A research group led by Dr. Shinichi Furuya of the NeuroPiano Institute and Sony Computer Science Laboratories, Inc. announced research findings that for the first time scientifically clarified how pianists' manipulations of keys alters piano timbre.


						
Creativity in painting, music, and other arts is underpinned by the ability to create diverse perceptual experiences for audiences. However, whether timbre could actually be changed mid-instrumental performance, and what physical motor skills would be required to do so, remained unclear.

The research group developed a unique sensor system that can measure piano key movements at a temporal resolution of 1,000 fps, and measured key movements when professional pianists expressed various timbres on the piano. The results revealed that listeners could distinguish the pianists' intended timbres, regardless of whether or not they had any piano performance training experience. The group further successfully identified the key movement features that produce these timbre differences.

This discovery addresses the over century-old question, "Can pianists alter timbre through touch?" by demonstrating that timbre manipulation through touch cultivated by pianists is not a mere sensory metaphor but a scientifically backed skill. These findings open the possibility of visualizing and teaching specific movement features that produce timbre, which would lead to more efficient practice and prevention of mislearning. They also reveal that high-level body motor control shapes artistic perception, suggesting potential applications across various disciplines, including rehabilitation, skill transfer, and human interface design.

These research findings were published in the international scientific journal Proceedings of the National Academy of Sciences (PNAS) on September 22, 2025.

These results were obtained through the following program, research area, and research theme:

JST Strategic Basic Research Program (CREST) Research Area: Core Technologies for Trusted Quality AI Systems (Research Supervisor: Akiko Aizawa, Professor, Digital Content and Media Sciences Research Division, National Institute of Informatic, Research Organization of Information and Systems) Research Theme: Building a Trusted Explorable Recommendation Foundation Technology Research Director: Masataka Goto (Prime Senior Researcher, AIST) Research Period: October 2020 -- March 2026

Moonshot Research & Development Program (MOONSHOT) Research Area: Realization of a society in which human beings can be free from limitations of body, brain, space, and time by 2050 (Research Supervisor: Norihiro Hagita, Chair and Professor, Art Science Department, Osaka University of Arts) Research Theme: Liberation from Biological Limitations via Physical, Cognitive and Perceptual Augmentation Research Director: Ryota Kanai (Director, Corporate Planning & Innovation Co-Creation Unit, Advanced Telecommunications Research Institute International (ATR)) Research Period: October 2020 -- March 2026




Background and History of the Research

Musicians and other performing artists, surgeons, traditional craftsmen and others considered experts in various fields acquire their skills through years of extensive training. In particular, in the performing arts, it has long been thought that the mastering of physical motor skills that produce diverse perceptions is essential for embodying creativity. For instance, while pitch and volume in instrumental performance clearly depend on manipulation of the instrument, there had been no scientific evidence for cases where "an instrument that should produce a certain sound produces a different timbre" -- a phenomenon that was widely believed possible among performers and educators. This question was discussed regarding the piano in Nature magazine in the early 20th century, but systematic perceptual experiments and data analysis had not been carried out to date, leaving the question unanswered. Thus, the means for acquiring skills that produce diverse expressions remained unknown, and problems during this process -- such as misrecognition of personal limitations and risk of injury or disability arising during skill-acquisition training -- persisted. An evidence-based understanding of the mechanisms of technical skill is essential for humans and systems to be able to recommend appropriate training methods, and for the resulting recommendations to be trusted by learners and teachers.

Background and History of the Research

A research team from the NeuroPiano Institute and Sony Computer Science Laboratories (Sony CSL) revealed that the timbral qualities pianists intended to express were conveyed to listeners, and that the high-precision control of fingertip movement was involved.

The research group used Hackkey, their proprietary high-precision non-contact sensor system, to measure the movements of all 88 keys at 1,000 fps (1 ms temporal precision) and 0.01 mm spatial resolution. This apparatus analyzed keyboard movements when 20 internationally renowned pianists performed with the intent to produce diverse timbral qualities, including bright/dark and light/heavy.

Additionally, the team carried out a psychophysical experiment, with 40 participants -- including pianists and individuals with no musical experience -- who listened to the recorded performances. The results revealed that the pianists' intended timbres were consistently perceived by the listeners, regardless of their musical experience. The listeners who were pianists, in particular, were able to distinguish timbral differences with greater sensitivity. This timbral discernment was found to be possible even when controlling for volume and tempo, factors previously thought to influence timbral perception.




Data analysis using a linear mixed-effects (LME) model revealed that contributions to timbral differences are concentrated in a limited set of movement features (e.g., acceleration during escapement, deviation in hand synchronization). It was further experimentally confirmed that notes played by varying only one of these features were perceived by listeners as having a different timbre, providing the first empirical evidence of a causal relationship between key movement and timbre.

These findings have the following significance for musicians and educators:
    	    Building a technical foundation to support artistic creativity:This research quantifies the "tacit knowledge" of how pianists produce timbre, paving the way for understanding an artist's expressive intent and developing new educational methods and technologies that will maximize it. Furthermore, proving that the manipulation of timbre through touch cultivated by artists is a scientifically grounded skill rather than a mere sensory metaphor makes it possible to efficiently learn and acquire the skills to create timbral expressions -- which had been difficult to verbalize in instruction to date -- by applying it to recommendation systems that present the appropriate movement features to learners.
    
    	    Illuminating the biological mechanisms that produce higher-order perception: The phenomenon in which the same sound can be perceived differently indicates advanced integration of human sensory and motor systems. This research clarifies how dexterous motor control produces higher-order perception and aesthetic experiences, opening new avenues for interdisciplinary research in neuroscience, psychology, and arts studies, and holds additional promise for applications across multiple fields, including skill transfer, rehabilitation, and human interface design.
    

Future Developments

This research has clarified the relationship between key movement features and piano timbre, suggesting the possibility for explicitly acquiring a repertoire of movements that can produce a diverse palette of perceptions. This is essential for recommending evidence-based body use and practice methods in physical education for the performing arts, and for empowering both teachers and learners to pursue learning with confidence. While perception research has until now focused mainly on lower-level perceptual information such as pitch, loudness, and rhythm, the advance of future research into timbre and other higher-level perceptual information is expected to lead to clarification of the underlying brain information processing mechanisms, as well as the development of training methods that skillfully utilize advanced technologies. Moreover, the thrill of using one's body to improve and achieve something that was once impossible is something that is shared across disciplines beyond music performance, including sports, cooking, painting, and even surgery. This research holds promise for generating ripple effects across multiple disciplines.

The involvement of science and technology in music learning has lagged behind significantly, compared to that in fields such as sports and medicine. As a result, many artists all over the world have long been beset with the problem of embodying artistic expression and creativity while being constrained by physical and mental limitations. The knowledge regarding the foundational skills for producing diverse expressions provided by this research will contribute to the creation of a future society where artists are liberated from physical and mental constraints and can fully embody their creativity. This will be achieved through the establishment of a new evidence-based form of music education grounded in dynaformics, the science of music performance.
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How gaslighting tricks the brain into questioning reality | ScienceDaily
Gaslighting could happen to anyone who trusts the wrong person, a McGill University researcher says.


						
Willis Klein, a PhD candidate in the Department of Psychology, was part of a team from McGill and the University of Toronto that developed a new theoretical model with which to understand how manipulators are able to make their targets question their sense of reality over a period of time.

Though gaslighting has been a popular topic of discussion in the public sphere for the last few years, it has not been thoroughly investigated from a scientific point of view, according to the researcher.

Klein is lead author of a paper that suggests gaslighting can be viewed as a learning process, using the concept of prediction error minimization (PEM). PEM describes how the mind maps out the input it receives from the world, and strives, based on this information, to predict the future, adjust its expectations and respond to the environment. Up to now, gaslighting has mostly been examined through a psychodynamic lens, but that analytical framework is no longer widely used in North American scientific psychology, he said.

Klein conducted this work as a member of the McGill Laboratory of Affiliation and Prosociality led by Professor Jennifer Bartz. Suzanne Wood of the University of Toronto also was part of the research team. The three are co-authors of the paper.

Gaslighting as a learning process

"When you trust or you love somebody, you expect them to behave in a particular way. Gaslighters, in our view, are behaving in an atypical way, one that is somewhat surprising, and they're making use of that surprise to direct the learning of the people they target," explained Klein.




In addition to behaving in a way that violates your expectations, a gaslighter will, according to the researcher, suggest that the cause of your surprise has something to do with your general grip of reality, making you feel what he calls "epistemically incompetent."

"This is repeated over and over, until the target has really integrated the idea that they don't actually have a good grasp on reality," said Klein.

The role of trust and close others

The model also relies on the idea that we depend on others -- especially close others -- to form our sense of self and reality. This, combined with the view of gaslighting as a learning process, means that anyone could fall victim to gaslighting, according to Klein.

"In our model there's not necessarily anything specific about the target of gaslighting that makes them particularly vulnerable to it. In essence, it could happen to anyone, so long as they're trusting the wrong person," he explained.

Klein said he thinks future inquiries into this subject could, however, reveal that some personal characteristics can affect a person's susceptibility to being gaslit, like certain attachment styles or a history of trauma. He said he hopes future research can also validate various components of the model and lead to better support for people who have been victims of gaslighting.

About the study

"A Theoretical Framework for Studying the Phenomenon of Gaslighting," by Willis Klein, Suzanne Wood and Jennifer A. Bartz was published in Personality and Social Psychology Review.

The research was supported by the Fonds de Recherche du Quebec -- Societe et Culture (FRQSC), the Natural Sciences and Engineering Council of Canada (CRSNG) and the Social Science and Humanities Research Council of Canada (SSHRC).
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Before they sucked blood, leeches were ocean hunters | ScienceDaily
A newly described fossil reveals that leeches are at least 200 million years older than scientists previously thought, and that their earliest ancestors may have feasted not on blood, but on smaller marine creatures.


						
"This is the only body fossil we've ever found of this entire group," said Karma Nanglu, a paleontologist with the University of California, Riverside. He collaborated with researchers from the University of Toronto, University of Sao Paulo, and Ohio State University on a paper describing the fossil, which is now published in PeerJ.

Roughly 430 million years old, the fossil includes a large tail sucker -- a feature still found in modern leeches -- along with a segmented, teardrop-shaped body. But one important feature isn't found in this fossil: the forward sucker that many of today's leeches use to pierce skin and draw blood.

This absence, along with the fossil's marine origin, suggests a very different early lifestyle for the group known as Hirudinida. Rather than sucking blood from mammals, reptiles, and other vertebrates, the earliest leeches may have roamed the oceans, consuming soft-bodied invertebrates whole or feeding on their internal fluids.

"Blood feeding takes a lot of specialized machinery," Nanglu said. "Anticoagulants, mouthparts, and digestive enzymes are complex adaptations. It makes more sense that early leeches were swallowing prey whole or maybe drinking the internal fluids of small, soft-bodied marine animals."

Previously, scientists believed leeches emerged about 150-200 million years ago. That timeline has now been pushed back by at least 200 million years, thanks to the fossil found in the Waukesha biota, a geological formation in Wisconsin known for preserving the bodies of soft tissue animals that usually decay before fossilization.

Preserving a leech fossil is no small feat. Leeches lack bones, shells, or exoskeletons that are most easily preserved over millions of years. Fossils like this require exceptional circumstances to preserve, often involving near-immediate burial, a low-oxygen environment, and unusual geochemical conditions.




"A rare animal and just the right environment to fossilize it -- it's like hitting the lottery twice," Nanglu said.

The fossil came to light during a broader study of the Waukesha site by researchers at Ohio State University, who are co-authors on this paper. Though initially unrecognized for what it was, the specimen caught Nanglu's eye during the early pandemic years.

He consulted with leech specialists, including lead author Danielle de Carle of the University of Toronto, and the group worked together to confirm its identity. They were ultimately convinced they'd found a leech because of the tail sucker and the clear body segmentation, which is a combination only found in leeches.

Today's leeches are found in freshwater, saltwater, and even on land. Their feeding behaviors are equally diverse, from scavenging to predation to parasitic blood feeding. But understanding their origin has been difficult because soft-bodied animals rarely leave fossils.

Nanglu, who studies creatures rarely found in the fossil record, said the find is part of a larger effort to trace the early history of complex life, and to challenge assumptions about the past.

"We don't know nearly as much as we think we do," he said. "This paper is a reminder that the tree of life has deep roots, and we're just beginning to map them."

"It's a beautiful specimen," Nanglu added. "And it's telling us something we didn't expect."
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Black mamba venom has a deadly hidden second strike | ScienceDaily
A breakthrough study at The University of Queensland has discovered a hidden dangerous feature in the Black Mamba one of the most venomous snakes in the world.


						
Professor Bryan Fry from UQ's School of the Environment said the study revealed the venoms of three species of mamba were far more neurologically complex than previously thought, explaining why antivenoms were sometimes ineffective.

"The Black Mamba, Western Green Mamba and Jamesons Mamba snakes aren't just using one form of chemical weapon, they're launching a coordinated attack at 2 different points in the nervous system," Professor Fry said.

"If you're bitten by 3 out of 4 mamba species, you will experience flaccid or limp paralysis caused by postsynaptic neurotoxicity.

"Current antivenoms can treat the flaccid paralysis but this study found the venoms of these three species are then able to attack another part of the nervous system causing spastic paralysis by presynaptic toxicity,

"We previously thought the fourth species of mamba, the Eastern Green Mamba, was the only one capable of causing spastic paralysis.

"This finding resolves a long-standing clinical mystery of why some patients bitten by mambas seem to initially improve with antivenom and regain muscle tone and movement only to start having painful, uncontrolled spasms.




"The venom first blocks nerve signals from reaching the muscles but after the antivenom is administered, it then overstimulates the muscles.

"It's like treating one disease and suddenly revealing another."

Mamba (Dendroaspis species) snake bites are a significant threat in sub-Saharan Africa accounting for 30,000 deaths annually.

PhD candidate Lee Jones who conducted the experimental work on the mamba venoms said the research proved new antivenoms were critical to saving lives.

"We set out to understand different venom potencies between mamba species," Mr Jones said.

"We expected to see clear flaccid paralysis inducing post synaptic effects, and effective neutralisation by antivenom.




"What we were not expecting to find was the antivenom unmasking the other half of the venom effects on presynaptic receptors.

"We also found the venom function of the mambas was different depending on their geographic location, particularly within populations of the Black Mamba from Kenya and South Africa.

"This further complicates treatment strategies across regions because the antivenoms are not developed to counteract the intricacies of the different venoms."

Professor Fry said specialised antivenoms could be developed following this study to increase efficacy rates.

"This isn't just an academic curiosity, it's a direct call to clinicians and antivenom manufacturers," Professor Fry said.

"By identifying the limitations of current antivenoms and understanding the full range of venom activity, we can directly inform evidence-based snakebite care.

"This kind of translational venom research can help doctors make better decisions in real time and ultimately saves lives."

The lab work was completed in collaboration with Monash Venom Group.

This research was published in Toxins.
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This tiny butterfly has the most chromosomes of any animal on Earth | ScienceDaily

This insect boasts 229 pairs of chromosomes, while many of its close relatives have only 23 or 24 pairs. Researchers at the Wellcome Sanger Institute and the Institute of Evolutionary Biology (IBE: CSIC-UPF), Barcelona, have revealed that these chromosomes have been broken up over time, instead of duplicated.

The first genomic study of this butterfly, published on September 10 in Current Biology, allows experts to begin to explore the evolutionary reasons behind this extreme number of chromosomes. Chromosome changes are also seen in human cancer cells, and therefore, understanding this process in different species could help inform cancer research.

This is the first time that the Atlas blue butterfly has been sequenced. From this, experts have produced a gold-standard reference genome for this species, allowing researchers to compare this extreme genome to other butterflies and moths to understand more about how species form and change over time.

Evolution and the development of new species happen over millions of years, making it hard to study practically. Instead, experts can use the DNA of a species and compare this to others in the same family to understand which genes and traits have been kept and which have been lost and then make informed guesses as to why.

Having the genetic story of a species also allows us to understand how the next chapter might go. For example, we might be able to understand how a species could respond to the increasing global temperature and if they have any genes or mechanisms that might protect them. This could inform conservation efforts as well as research into producing more resilient crops.

The Atlas blue butterfly is found in the mountain ranges of Morocco and northeast Algeria. While it had been suspected to have the most chromosome pairs in the animal kingdom, this is the first time experts have sequenced the butterfly genome to confirm1. For comparison, a close relative found widely in the UK, the Common blue butterfly, has 24 chromosomes.




Changes in chromosome numbers are thought to contribute to the process of new species forming and help species adapt to their environment. The group to which the Atlas blue butterfly belongs contains many closely related species that evolved over a short period of time.

In this new research, the team found that the chromosomes had been spilt up at points where the DNA is less tightly wound. This means there was roughly the same amount of genetic information, but it was packaged in smaller sections. All of the chromosomes, apart from the sex chromosomes, were cut up, and the researchers estimate that this caused the chromosome number to go from 24 to 229 over roughly three million years -- a relatively short amount of time by evolutionary standards.

Usually, it is assumed that this kind of extreme chromosomal change is negative; however, the Atlas blue butterfly has evolved and survived for millions of years. It is only now, due to climate change and human impacts on the environment, such as the destruction of cedar forests and overgrazing, that its populations are under threat.

This research raises multiple questions that can now be addressed in the future. Splitting up the chromosomes could help give greater genetic diversity by allowing more frequent shuffling of genome parts or give other unknown benefits. While this may help butterflies to rapidly adapt, species with many chromosomes may also face challenges due to the extra complexity of this, potentially making them more vulnerable to extinction over time. Further investigations and comparisons with other butterflies could highlight whether any genes have been lost or preserved, giving us more information on the biology of the butterflies, but also a deeper understanding of evolution.

Chromosomal rearrangements also happen in human cancers, and therefore, studying these processes in the Atlas blue butterfly DNA could lead to new developments in human health and highlight possible ways to reduce or stop this phenomenon in cancer cells.

Dr Roger Vila, senior author at the Institute of Evolutionary Biology, said: "Breaking down chromosomes has been seen in other species of butterflies, but not on this level, suggesting that there are important reasons for this process which we can now start to explore. Additionally, as chromosomes hold all the secrets of a species, investigating whether these changes impact a butterfly's behaviour could help form a full picture of how and why new species occur."

Dr Charlotte Wright, first author at the Wellcome Sanger Institute, said: "When we set out to start to understand evolution in butterflies, we knew we had to sequence the most extreme, and somewhat mysterious, Atlas blue butterfly. Thanks to Roger Vila, who had previously worked with his colleague to find and identify this elusive butterfly, we were able to sequence this species, highlighting the collaborative nature of science. Being able to see, in detail, how the Atlas blue butterfly chromosomes have been split over time in specific places, we can start to investigate what benefits this might have, how it impacts their ability to adapt to their environment, and whether there are any lessons we can learn from their DNA that might aid conservation in the future."

Professor Mark Blaxter, senior author at the Wellcome Sanger Institute, said: "Genomes hold the key to how a creature came to be, but also, where it might go in the future. To be able to tell the story of our planet, we must have the story of each species and see where they overlap and interact with each other. It also allows us to apply learnings from one genome to another. For example, rearranging chromosomes is also seen in human cancer cells, and understanding this process in the Atlas blue butterfly could help find ways to limit or stop this in cancer cells in the future."

This research includes funding from Wellcome. A full acknowledgement list can be found in the publication.
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Astronomers stunned as fiery auroras blaze on a planet without a star | ScienceDaily
Strong Northern Lights-like activity is the standout feature of today's weather report, which is coming at you from a strange, extrasolar world, instead of a standard TV studio. That is thanks to astronomers from Trinity College Dublin, who used the NASA/ESA/CSA James Webb Space Telescope to take a close look at the weather of a toasty nearby rogue planet, SIMP-0136.
The exquisite sensitivity of the instruments on board the space-based telescope enabled the team to see minute changes in brightness of the planet as it rotated, which were used to track changes in temperature, cloud cover and chemistry. 
Surprisingly, these observations also illuminated SIMP-0136's strong auroral activity, similar to the Northern Lights here on Earth or the powerful aurora on Jupiter, which heat up its upper atmosphere.
"These are some of the most precise measurements of the atmosphere of any extra-solar object to date, and the first time that changes in the atmospheric properties have been directly measured," said Dr Evert Nasedkin, a Postdoctoral Fellow in Trinity College Dublin's School of Physics, who is the lead author of the research article just published in leading international journal, Astronomy & Astrophysics. 
"And at over 1,500 degC, SIMP-0136 makes this summer's heat wave look mild," he continued. "The precise observations we made meant we could accurately record temperature changes smaller than 5 degC. These changes in temperature were related to subtle changes in the chemical composition of this free-floating planet, which is suggestive of storms - similar to Jupiter's Great Red Spot - rotating into view."
Another surprise finding was the lack of variability of the clouds on SIMP-0136. One might expect changes in the cloud coverage to lead to changes in the atmosphere, similar to observing patches of clouds and blue sky here on Earth. Instead, the team found that the cloud coverage was constant over the surface of SIMP-0136. At the temperatures of SIMP-0136 these clouds are unlike those on earth, instead composed of silicate grains, similar to sand on a beach. 
This is the first publication from the new 'Exo-Aimsir' group led by Prof. Johanna Vos in Trinity's School of Physics, and includes contributions from all the group members, including PhD candidates Merle Schrader, Madeline Lam and Cian O'Toole.
These data were initially published by a similar team led by Allison McCarthy at Boston University, but the new analysis has revealed more details about the atmosphere. 
"Different wavelengths of light are related to different atmospheric features. Similar to observing the changes in colour over the surface of the earth, the changes in the colour of SIMP-0136 are driven by changes in the atmospheric properties," added Dr. Nasedkin. "So by using cutting-edge models, we could infer the temperature of the atmosphere, the chemical composition, and the position of the clouds." 
Prof. Vos said: "This work is exciting because it shows that by applying our state-of-the-art modelling techniques to cutting-edge datasets from JWST, we can begin to piece together the processes that drive weather in worlds beyond our solar system. Understanding these weather processes will be crucial as we continue to discover and characterize exoplanets in the future."
"While for now these types of spectroscopic variability observations are limited to isolated brown dwarfs, like this one, future observations with the Extremely Large Telescope and eventually the Habitable Worlds Observatory will enable the study of the atmospheric dynamics of exoplanets, from Jupiter-like gas giants to rocky worlds."
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Scientists finally explain the real reason pregnant women get morning sickness | ScienceDaily
    	A UCLA study has found that "morning sickness" symptoms, including nausea, vomiting and aversions to certain foods and smells, are linked to the body's natural, but complex, immune response during pregnancy.
    	In the early stages of pregnancy, a unique mix of inflammatory responses alongside behavioral mechanisms that researchers believe are adaptive, like nausea, achieves a delicate balance, allowing the mother to tolerate and nourish the half-foreign fetus while also avoiding potentially harmful foods.
    	The study could have workplace implications for pregnant women, helping to widen recognition that these symptoms are healthy and normal, both reducing stigma and paving the way for common-sense workplace accommodations.

UCLA researchers have uncovered a link between "morning sickness" symptoms and the body's natural, but complex, inflammatory response to biological and bodily changes during pregnancy.

According to the National Institutes of Health, up to 80% of early-stage pregnant mothers experience some nausea, vomiting and aversions to certain foods and smells. While uncomfortable, these symptoms are not typically a sign that anything is wrong with the health of the mother or the developing fetus, but rather an indication of a delicate balance unique to pregnant women.

"During pregnancy, a mother's immune system faces a tricky challenge: it has to protect both her and the fetus from infection, but without accidentally attacking the fetus, whose genetic identity is half-foreign because it is half derived from the father. Normally, the immune system attacks anything that seems foreign, so in pregnancy, it has to carefully adjust to keep the fetus safe while still defending against infection," said UCLA anthropology professor Molly Fox.

Fox is the corresponding author of the study "Of scents and cytokines: How olfactory and food aversions relate to nausea and immunomodulation in early pregnancy," recently published in the journal Evolution, Medicine and Public Health.

The researchers believe that this delicate balance, which protects mother and fetus, is achieved by a unique mix of inflammatory responses. They function to prevent the mother's body from rejecting the fetus, alongside adaptive behavioral mechanisms, like nausea, that encourage the mother to avoid foods that are potentially harmful, especially in the first and second trimesters when the fetus is most vulnerable.

"Nausea, vomiting or aversions to foods or smells are not indications that something is going wrong for the mother or the fetus. It's likely an indication that everything is moving along normally, and a reflection of the body's healthy and helpful immune response," said UCLA anthropology professor and paper co-author Daniel Fessler.




Methodology and findings

For the study, the UCLA-led team of anthropologists and epidemiologists collected and analyzed blood samples to measure immune system molecules called cytokines. Cytokines are proteins that send signals to help the body launch a quick defense against sickness and regulate inflammation. Participants also filled out questionnaires that asked about morning sickness-related symptoms and food and smell aversions during the early stages of pregnancy. The participants were 58 Latina women in Southern California who were followed beginning in early pregnancy through the postpartum.

Sixty-four percent of study participants experienced odor or food aversions, primarily to tobacco smoke and meat. Sixty-seven percent reported nausea and 66% experienced vomiting.

The study team measured cytokines that promote inflammation (pro-inflammatory) as well as cytokines that suppress inflammation (anti-inflammatory). They found that women who experienced an aversion to tobacco smoke showed a noticeable shift toward a more inflammatory response. Food aversions, nausea and vomiting were also associated with a more pro-inflammatory immune balance.

Natural selection?

The correlation is consistent with researchers' theory that these symptoms may be part of an evolutionary adaptation that helps pregnant mothers' bodies minimize exposure to harmful substances, though the study's authors caution that the evidence is not definitive and more research is needed.




They emphasized that the study allowed the team to look at both human biological and behavioral responses during pregnancy.

"In many mammals, the fetal compartment has barriers separating it from the mother's blood supply, where her immune cells are. But in humans, we have a unique setup -- fetal cells are bathed in maternal blood. Humans have the most invasive of all placentas, burrowing deep into maternal tissue. So humans need unique strategies to prevent the mother's immune system from attacking the fetus," said Fox.

These immunological changes may induce nausea, which in turn encourages food avoidance that might act as an additional layer of protection, according to the researchers

"Nowadays, you will see labels on packages of ground beef or soft cheese that warn pregnant women to be cautious about these products because of the risks of foodborne illness during pregnancy. Aversions to certain odors and foods, and nausea and even vomiting, appear to be evolution's way of achieving that same objective," said Fessler.

Practical implications

The researchers, including first author Dayoon Kwon, who just completed her Ph.D. in epidemiology at UCLA (and is now a postdoctoral fellow at Stanford), said that the study could help bolster recognition that nausea and vomiting are normal symptoms with biological underpinnings associated with healthy pregnancies. The study's results could help in paving the way for common-sense workplace accommodations, such as more efficient deployment of health care benefits and other helpful resources to reduce stigma, excessive absences and lost productivity.

They also encourage other researchers to continue to look into the questions raised by the study, to not only explore the evolutionary questions, but to work toward providing clinicians with non- or low-invasive measures of prognoses.

Funding for this study was provided by the National Institute of Health.
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Fossils in germany reveal a Jurassic sea monster with a swordfish snout | ScienceDaily
An international research team from Switzerland and Germany, led by Gael Spicher (JURASSICA Museum, Porrentruy, Switzerland), has described a new ichthyosaur species based on fossils curated at the Urwelt-Museum Oberfranken (Bayreuth, Germany). The study was published in Museum fur Naturkunde Berlin's open-access journal Fossil Record.


						
The new species was named Eurhinosaurus mistelgauensis, in reference to the clay pit of Mistelgau in Upper Franconia - a fossil site that has yielded numerous important finds. "We wanted to highlight the scientific importance of the Mistelgau locality," explains lead author and doctoral student Gael Spicher.

Excavations in the clay pit have been conducted regularly since 1998 by the Urwelt-Museum Oberfranken, which recovered and prepared the fossils prior to their scientific study. One specimen originates from a so-called "belemnite battleground" - dense accumulations of Jurassic cephalopod remains that are characteristic of the site.

Ichthyosaurs - marine reptiles that lived during the time of the dinosaurs - show striking similarities in body shape to dolphins or tuna. The newly described species shares the elongation of the upper jaw typical for eurhinosaurs, producing a pronounced "overbite" similar to that of modern swordfish. Eurhinosaurus mistelgauensis differs from previously known species by its notably robust ribs and special features in the joint connecting the skull and the neck.

"The naming of a new species emphasizes the significance of the Urwelt-Museum Oberfranken's fossil collections for understanding Jurassic marine ecosystems," says museum director Dr. Serjoscha Evers, who was not involved in the study. "The Mistelgau site continues to provide rare insights into a time period that is otherwise scarcely documented worldwide."

Further studies on the Mistelgau material are in preparation. These include analyses of injuries preserved in the ichthyosaur skeletons, which may shed light on the ecology and life history of these ancient marine reptiles.
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Junk food can scramble memory in just 4 days | ScienceDaily
Diet impacts the brain a lot more than we think.


						
A new study from UNC School of Medicine researchers, published in Neuron, reveals a unique look at how junk food rewires the brain's memory hub - leading to risk of cognitive dysfunction. This new research opens the door to early interventions that can prevent even long-term memory loss associated with obesity.

Led by UNC School of Medicine's Juan Song, PhD, principal investigator, professor of pharmacology, and Taylor Landry, PhD, first author, Department of Pharmacology, researchers found that a special group of brain cells in the hippocampus, called CCK interneurons, become overly active after eating a high-fat diet (HFD), due to an impaired ability of the brain to receive glucose (sugar). This overactivity disrupts how the hippocampus processes memory, even after just a few days of high fat diet. This type of diet resembles typical Western-style junk food rich in saturated fat -- like cheeseburgers and fries. The discovery also showed that a protein called PKM2, which controls how brain cells use energy, plays a key role in this problem.

"We knew that diet and metabolism could affect brain health, but we didn't expect to find such a specific and vulnerable group of brain cells, CCK interneurons in the hippocampus, that were directly disrupted by short-term high-fat diet exposure," Song said, who is a member of the UNC Neuroscience Center. "What surprised us most was how quickly these cells changed their activity in response to reduced glucose availability, and how this shift alone was enough to impair memory."

Brain Health Study Summary
    	Mouse models were placed on high-fat diet resembling fatty junk food before starting behavioral testing.
    	Within 4 days of eating high-fat diet, results showed CCK interneurons in the brain's memory hub became abnormally active.
    	Results suggest fatty junk foods can affect the brain almost immediately, well before the onset of weight gain or diabetes.

Research findings also highlight how sensitive memory circuits are to diet, underscoring the importance of nutrition in maintaining brain health. A high-fat diet, rich in saturated fats, could possibly lead to an elevated risk of developing neurodegenerative diseases, like dementia and Alzheimer's, according to the study.

The research also shows that restoring brain glucose levels actually calmed down overactive neurons and fixed memory problems in mice. The study found interventions like dietary modifications or pharmacological approaches may be effective in preserving brain health for obesity-related neurodegeneration. Notably, researchers discovered that dietary interventions like intermittent fasting periods following a high-fat diet were sufficient to normalize CCK interneurons and improve memory function.

"This work highlights how what we eat can rapidly affect brain health and how early interventions, whether through fasting or medicine, could protect memory and lower the risk of long-term cognitive problems linked to obesity and metabolic disorders," said Song. "In the long run, such strategies could help reduce the growing burden of dementia and Alzheimer's linked to metabolic disorders, offering more holistic care that addresses both body and brain."

This research is ongoing to further understand how these glucose-sensitive neurons disrupt brain rhythms that support memory. Researchers plan to test whether these targeted therapies could be translated into humans and how a high-fat diet could be a factor in Alzheimer's disease. Lifestyle-based interventions will also be explored, such as dietary patterns that stabilize brain glucose, to see if they offer protective benefits.
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The accidental discovery that forged the Iron Age | ScienceDaily
Research from Cranfield University sheds new light onto the transition from the Bronze Age to the Iron Age, showing how experimentation with iron-rich rocks by copper smelters may have sparked the invention of iron.


						
The work reanalyzed metallurgical remains from a site in southern Georgia: a 3000-year-old smelting workshop called Kvemo Bolnisi. During the original analysis in the 1950s, piles of hematite (an iron oxide mineral) and slag (a waste product of the metal production) were found in the workshop. Finding those iron oxides, the original excavators thought the workshop was an early iron smelting site.

However, new research shows that those assumptions were wrong. Rather than iron, workers at Kvemo Bolnisi were smelting copper using iron oxide as a flux -- a substance added into the furnace to increase the resulting copper yield.

These discoveries give weight to a long-discussed theory that iron was invented by copper smelters. This evidence shows that ancient copper metalworkers experimented with iron-bearing materials in a metallurgical furnace, which was a crucial step towards iron smelting.

The importance of iron

While the Iron Age marked the beginnings of widespread iron production, the metal itself wasn't a new discovery. Iron artifacts have been found dating from the Bronze Age, most famously an iron dagger with a gold and rock crystal hilt from the tomb of Egyptian king Tutankhamun. But the earliest iron objects were forged from naturally occurring metallic iron found in meteorites, not extracted from iron ore through smelting. That rarity meant iron was, at that point in history, more valuable than gold.

The development of extractive iron metallurgy changed all this. Iron is one of the most abundant elements on Earth, even though naturally occurring iron metal is very rare. The ability to extract iron from iron ore and work it into useful materials such as tools or weapons is one of the defining technological transformations in human history. The transition into the Iron Age was far from instantaneous, but it gave rise to the iron-wielding armies of Assyria and Rome and later the railroads and steel-frame buildings of the industrial revolution.




Dr Nathaniel Erb-Satullo, Visiting Fellow in Archaeological Science at Cranfield University, said: "Iron is the world's quintessential industrial metal, but the lack of written records, iron's tendency to rust, and a lack of research on iron production sites has made the search for its origins challenging.

"That's what makes this site at Kvemo Bolnisi so exciting. It's evidence of intentional use of iron in the copper smelting process. That shows that these metalworkers understood iron oxide -- the geological compounds that would eventually be used as ore for iron smelting -- as a separate material and experimented with its properties within the furnace. Its use here suggests that this kind of experimentation by copper-workers was crucial to development of iron metallurgy.

"There's a beautiful symmetry in this kind of research, in that we can use the techniques of modern geology and materials science to get into the minds of ancient materials scientists. And we can do all this through the analysis of slag -- a mundane waste material that looks like lumps of funny-looking rock."

The research was supported by grants from the British Institute of Ankara, the Gerda Henkel Foundation, and the American Research Institute of the South Causcasus. The research paper Iron in copper metallurgy at the dawn of the Iron Age: Insights on iron invention from a mining and smelting site in the Caucasus is published in the Journal of Archaeological Science.
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Autism may be the price of human intelligence | ScienceDaily

About one in 31 (3.2%) children in the United States has been identified with Autism Spectrum Disorder. Globally, the World Health Organization estimates that around one in 100 children have autism. From an evolutionary perspective, many scientist believe that autism and schizophrenia may be unique to humans. It is very rare to find behaviors associated with the disorders in non-human primates. In addition, behaviors associated with those disorders generally involve cognitive traits like speech production and comprehension that are either unique to or much more sophisticated in humans.

With the development of single cell RNA-sequencing, it became possible to define specific cell types across the brain. As investigators published more large-scale datasets, it became clear that the mammalian brain contains a staggering array of neuronal cell types. In addition, large-scale sequencing studies have identified extensive genetic changes in the brain unique to Homo sapiens -- genomic elements that did not change much in mammalian evolution in general but evolved rapidly in humans.

While previous investigations found that some cell types have remained more consistent throughout evolution than others, the factors driving these differences in evolutionary rate remain unknown. Researchers here investigated recently published cross-species single-nucleus RNA sequencing datasets from three distinct regions of the mammalian brain. They found that the most abundant type of outer-layer brain neurons, L2/3 IT neurons, evolved exceptionally quickly in the human lineage compared to other apes. Surprisingly, this accelerated evolution was accompanied by dramatic changes in autism-associated genes, which was likely driven by natural selection specific to the human lineage. The researchers here explain that although the results strongly suggest natural selection for Autism Spectrum Disorder-associated genes, the reason why this conferred fitness benefits to human ancestors is unclear.

Answering this is difficult because we do not know what human-specific features of cognition, brain anatomy, and neuronal wiring gave human ancestors a fitness advantage, but the investigators here speculate that many of these genes are associated with developmental delay, so their evolution could have contributed to the slower postnatal brain development in humans compared to chimpanzees. Furthermore, the capacity for speech production and comprehension unique to humans is often affected by autism and schizophrenia.

It's possible that the rapid evolution of autism-linked genes conferred a fitness advantage by slowing postnatal brain development or increasing the capacity for language; the lengthier brain development time in early childhood was beneficial to human evolution because it led to more complex thinking.

"Our results suggest that some of the same genetic changes that make the human brain unique also made humans more neurodiverse," said the paper's lead author, Alexander L. Starr.
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Cocoa supplements show surprising anti-aging potential | ScienceDaily
Could cocoa extract supplements rich in cocoa flavanols reduce inflammation and, in turn, prevent age-related chronic diseases? In a new study from the COcoa Supplement and Multivitamin Outcomes Study (COSMOS), investigators from Mass General Brigham and their colleagues looked at changes in five age-related markers of inflammation among participants who received daily cocoa supplements over several years. They found that hsCRP -- an inflammatory marker that can signal increased risk of cardiovascular disease -- decreased in participants taking the cocoa extract supplement, suggesting its anti-inflammatory potential may help explain its heart-protective effects. Their results are published in Age and Ageing.


						
Nutritional interventions have become an increasingly attractive solution for slowing inflammatory aging, so called "inflammaging." Cocoa extract has been shown in previous, smaller studies to reduce inflammatory biomarkers, thanks to flavanols -- small, bioactive compounds found not only in the cocoa bean but also berries, grapes, tea, and other plant-based foods. To bridge the gap between these studies and humans, researchers launched the large-scale COSMOS trial, which examines the effects of cocoa extract on cardiovascular disease, and whether inflammaging may explain those effects.

"Our interest in cocoa extract and inflammaging started on the basis of cocoa-related reductions in cardiovascular disease," said corresponding author Howard Sesso, ScD, MPH, associate director of the Division of Preventive Medicine and associate epidemiologist at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. "We also appreciate the important overlap between healthy aging and cardiovascular health, where aging-related inflammation can harden arteries and lead to cardiovascular disease. Because of that, we wanted to see whether multi-year cocoa extract supplementation versus a placebo could modulate inflammaging -- and the data suggests it does."

Between 2014 and 2020, Brigham and Women's Hospital led the COSMOS trial, a large-scale, randomized, double-blind, placebo-controlled clinical trial with 21,442 participants over 60 years old, finding that cocoa extract supplementation decreased cardiovascular disease mortality by 27%.

In this new study, researchers collected and analyzed blood samples of 598 COSMOS participants to measure several inflammaging biomarkers: three pro-inflammatory proteins (hsCRP, IL-6, and TNF-a), one anti-inflammatory protein (IL-10), and one immune-mediating protein (IFN-g). Comparing changes in these biomarkers measured at baseline, 1, and 2 years follow-up, hsCRP levels decreased by 8.4% each year compared with placebo, while the other biomarkers remained relatively consistent or increased modestly.

"Interestingly, we also observed an increase in interferon-g, an immune-related cytokine, which opens new questions for future research," said senior author Yanbin Dong, MD/PhD, Director of the Georgia Prevention Institute (GPI) and cardiologist/population geneticist at the Medical College of Georgia/Augusta University. "While cocoa extract is not a replacement for a healthy lifestyle, these results are encouraging and highlight its potential role in modulatingi nflammation as we age.

The decrease in hsCRP may help explain the cardio-protective effects seen with cocoa extract supplement in the larger COSMOS trial, where participants experienced a reduction in cardiovascular disease death. Researchers said that changes in the other inflammaging markers, including a small reduction in IL-6 observed in female but not male participants, warrant additional study. The team will continue to evaluate the COSMOS trial to determine whether the cocoa -- and multivitamin -- regimens can curb more severe inflammaging, as well as other important aging-related health outcomes.




"This study calls for more attention to the advantage of plant-based foods for cardiovascular health, including cocoa products rich in flavanols," added Sesso. "It reinforces the importance of a diverse, colorful, plant-based diet -- especially in the context of inflammation."

Authorship: In addition to Sesso, Mass General Brigham authors include Sidong Li, Rikuta Hamaya, Allison Clar, Pamela M. Rist, and JoAnn E. Manson. In addition to Dong, Augusta University authors include Haidong Zhu and Ying Huang.

Disclosures: Manson and Sesso received investigator-initiated grants from Mars Edge, a segment of Mars Incorporated dedicated to nutrition research and products, for infrastructure support and donation of COSMOS study pills and packaging, and Pfizer Consumer Healthcare (now Haleon) for donation of COSMOS study pills and packaging during the conduct of the study. Sesso additionally reported receiving investigator-initiated grants from Pure Encapsulations, American Pistachio Growers, and Haleon, and honoraria and/or travel for lectures from the Council for Responsible Nutrition, BASF, Haleon, and NIH during the conduct of the study. No other authors reported any conflicts of interests for this study

Funding: This work is supported by the National Institutes of Health (HL157665). The COcoa Supplement and Multivitamin Outcomes Study (COSMOS) is supported by an investigator-initiated grant from Mars Edge, a segment of Mars dedicated to nutrition research and products, which included infrastructure support and the donation of study pills and packaging. Pfizer Consumer Healthcare (now Haleon) provided support through the partial provision of study pills and packaging. COSMOS is also supported in part by the National Institutes of Health (AG050657, AG071611, and EY025623). Neither company had a role in the trial design or conduct, data collection, data analysis, or manuscript preparation or review.
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Four strange secrets scientists just found in beer and wine | ScienceDaily
Scientists regularly uncork fresh insights into beer and wine -- even though they were invented thousands of years ago. Four recent discoveries go beyond buzz and bouquet, diving into the haziness and gluten content of beer as well as the astringent taste and potential health impacts of wine. Sip back and learn more about research published in ACS' Journal of Agricultural and Food Chemistry.


						
1. Yeast extracts add haze to lager beer.

Hazy beer styles are becoming more popular, and their namesake characteristic usually comes from tiny particles made of barley proteins and hop polyphenols. Alternatively, to produce haziness, researchers have added yeast extracts to two brands of clear lager. The additions made both beverages extremely cloudy because of interactions between ribonucleic acids (RNA) in the extract and proteins in the beer. The researchers say that yeast RNA extracts could be another way to create desirable haziness levels.

2. Lateral flow test detects gluten in beer, food.

People who want or need to avoid gluten should know whether their drinks are safe to consume. A new lateral flow strip detects this protein in food and drinks, and it is sensitive to concentrations from 0 to more than 20 parts per million (ppm). The strip's three lines indicate four ranges below the U.S. Food and Drug Administration's gluten-free limit (20 ppm), showing results in less than three minutes with 98% accuracy. Researchers demonstrated the device's effectiveness using real-world samples, including foods labeled gluten-free and a gluten-containing beer.

3. Tannins in red wine make you pucker.

A recent small-scale study examined why red wine has an astringent taste, often described as drying or lip-puckering. Trained tasting panelists rated red wines with higher tannin content as more astringent. The researchers found that tannins act like a lid for the tiny aquaporin channels in the tongue and salivary glands, letting water exit more than it enters. They say this discovery helps explain red wine's drying mouthfeel and enhances the understanding of beverages' perceived characteristics.

4. Wine sulfites change the gut microbiome.

Sulfites help wine last longer but can cause headaches or digestive issues for some people. So, researchers studied in lab tests how sulfites added to wine and an ethanol-containing liquid affect gut bacteria. They passed the samples through a three-stage process meant to mimic human digestion. After digestion, samples with sulfites contained lower amounts of some beneficial bacteria and greater amounts of bacteria related to negative health effects than before digestion. However, the changes were less in the real wine samples, which the researchers say suggests compounds, such as polyphenols, in wine offered slight protection
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Mysterious "quantum echo" in superconductors could unlock new tech | ScienceDaily
Scientists at the U. S. Department of Energy Ames National Laboratory and Iowa State University have discovered an unexpected "quantum echo" in a superconducting material. This discovery provides insight into quantum behaviors that could be used for next-generation quantum sensing and computing technologies.


						
Superconductors are materials that carry electricity without resistance. Within these superconductors are collective vibrations known as "Higgs modes." A Higgs mode is a quantum phenomenon that occurs when its electron potential fluctuates in a similar way to a Higgs boson. They appear when a material is undergoing a superconducting phase transition.

Observing these vibrations has been a long-time challenge for scientists because they exist for a very short time. They also have complex interactions with quasiparticles, which are electron-like excitations that emerge from the breakdown of superconductivity.

However, using advanced terahertz (THz) spectroscopy techniques, the research team discovered a novel type of quantum echo, called the "Higgs echo," in superconducting niobium materials used in quantum computing circuits.

"Unlike conventional echoes observed in atoms or semiconductors, the Higgs echo arises from a complex interaction between the Higgs modes and quasiparticles, leading to unusual signals with distinct characteristics," explained Jigang Wang, a scientist at Ames Lab and lead of the research team.

According to Wang, the Higgs echo can remember and reveal hidden quantum pathways within the material. By using precisely timed pulses of THz radiation, his team was able to observe these echoes. Using these THz radiation pulses, they can also use the echoes to encode, store, and retrieve quantum information embedded within this superconducting material.

This research demonstrates the ability to control and observe quantum coherence in superconductors and paves the way for potential new methods of quantum information storage and processing.

"Understanding and controlling these unique quantum echoes brings us a step closer to practical quantum computing and advanced quantum sensing technologies," said Wang.

This project was partially supported through the Superconducting Quantum Materials and Systems Center (SQMS).
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Tiny stones rewrite Earth's evolution story | ScienceDaily
Earth scientists often face huge challenges when researching the Earth's history: many significant events occurred such a long time ago that there is little direct evidence available. Consequently, researchers often have to rely on indirect clues or on computer models. The team led by ETH Professor Jordon Hemingway, however, has now discovered a unique natural witness to this period: tiny egg-shaped iron oxide stones that can be used to directly measure the carbon reserves in the primordial ocean.


						
Viewed on the outside, they resemble grains of sand, but in terms of their formation, these so-called ooids are more like rolling snowballs: they grow by layers as they are pushed across the sea floor by the waves. In the process, organic carbon molecules adhere to them and become part of the crystal structure.

Examining these impurities, Hemingway's team has succeeded in retracing the supply of organic carbon in the sea -- by up to 1.65 billion years. In the journal Nature, the researchers show that, between 1,000 and 541 million years ago, this store was considerably lower than previously assumed. These findings refute the common explanations of significant geochemical and biological events of that time and cast a new light on the history of the Earth.

The ocean as a reservoir of life's building blocks

How does carbon get into the oceans? On the one hand, carbon dioxide (CO2) dissolves from the air into seawater and is transported to the depths by mixing processes and ocean currents, where it is retained for a long time. On the other hand, organic carbon is produced by photosynthetic organisms such as phytoplankton or certain bacteria. Using the energy of sunlight and CO2, these microscopic organisms produce organic carbon compounds themselves. When the organisms die, they slowly sink towards the sea floor as marine snow. If it reaches the sea floor without being eaten by organisms along the way, the carbon is stored in the sea floor for millions of years.

But it is not only phytoplankton that provides a supply of carbon components. The building blocks of life are also reused: microorganisms decompose excrement and dead organisms, thereby releasing the building blocks again. These molecules form what is known as dissolved organic carbon, which drifts freely in the ocean: a huge reservoir of building blocks that contains 200 times more carbon than is actually 'built into' marine life.

The oxygen revolution changed everything

Based on anomalies in oceanic sedimentary rocks, researchers assumed that this building block reservoir must have been particularly voluminous between 1,000 and 541 million years ago. For a long time, this assumption served as the foundation for explaining how ice ages and complex life emerged at the same time. The photosynthetic production of the building blocks of life is closely linked to the development of the atmosphere and more complex life forms. It was only through photosynthesis that oxygen began to accumulate in the atmosphere.




In two waves -- referred to as the oxygen catastrophes -- the oxygen content rose to its current level of 21 percent. Both events were accompanied by extreme ice ages that covered the entire planet in glaciers. Nevertheless, life continued to tinker and potter with new inventions: during the first oxygen catastrophe 2.4 to 2.1 billion years ago, organisms developed a metabolism converting food into energy with the help of oxygen. This exceedingly efficient way of generating energy enabled the development of more complex life forms.

Carbon content much lower than assumed

Hemingway's team is tracking such connections between geochemical and biological developments. The researchers have developed a new method that allows them to directly determine the size of the marine building block store at that particular time, based on the carbon particles in ooids.

"Our results contradict all previous assumptions," as Hemingway summarizes. According to the measurements taken by the ETH researchers, between 1,000 to 541 million years ago, the ocean did not contain more, but actually 90 to 99 percent less dissolved organic carbon than it does today. It was only after the second oxygen catastrophe that the values rose to the current level of 660 billion tonnes of carbon.

"We need new explanations for how ice ages, complex life and oxygen increase are related," says lead author Nir Galili. He explains the massive shrinkage of the carbon store with the emergence of larger organisms at that time: single-celled and early multicellular organisms sank faster after their death, thereby increasing marine snowfall.

However, the carbon particles were not recycled in the deeper layers of the ocean because there was very little oxygen there. They settled on the sea floor, causing the reservoir of dissolved organic carbon to decline sharply. It was only when oxygen accumulated in the deep sea that the carbon reservoir grew back to its current volume.

From the primordial ocean to the present day

Although the periods studied are long past, the research findings are significant for the future. They change our view of how life on earth and possibly also on exoplanets has developed. At the same time, they help us understand how the Earth responds to disturbances, and humans are one such disturbance: the warming and pollution of the oceans caused by human activities are currently leading to a decline in marine oxygen levels. Consequently, it cannot be ruled out that the events described could repeat themselves in the distant future.
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A pink bumpy snailfish was just discovered miles beneath the ocean | ScienceDaily
The bumpy snailfish is one of three new species of deep-sea snailfish described by MBARI collaborators at SUNY Geneseo.


						
MBARI's advanced underwater technology is revealing the remarkable species that thrive in the deep sea. In 2019, MBARI researchers encountered an unfamiliar pink snailfish swimming just above the seafloor. New research from MBARI collaborators has confirmed this individual represents a species previously unknown to science: the bumpy snailfish (Careproctus colliculi).

A team of researchers from the State University of New York at Geneseo (SUNY Geneseo), with scientists from the University of Montana and the University of Hawai`i at Manoa, published their findings in the scientific journal Ichthyology and Herpetology, describing the bumpy snailfish observed by MBARI researchers alongside two other snailfishes from the abyssal seafloor offshore of California.

"MBARI seeks to make ocean exploration more accessible by sharing our data and technology with our peers in the science community. We welcomed the opportunity to collaborate with researchers from SUNY Geneseo to expand our understanding of life in the deep ocean, especially since documenting deep-sea biodiversity is critical to detecting any changes that may be occurring in this environment," said MBARI Senior Scientist Steven Haddock, who led the research expedition that encountered the bumpy snailfish.

Uncovering secrets to survival in extreme environments

Snailfishes belong to the family Liparidae. They typically have a large head, jelly-like body covered in loose skin, and narrow tail. Many snailfish species have a disk on their belly that allows them to grip the seafloor or hitchhike on larger animals, such as deep-sea crabs. Shallow-water snailfishes often cling to rocks and seaweed, curling up like a snail.

Scientists have described more than 400 different species of snailfish worldwide. These fishes make their homes in a variety of ocean habitats, from shallow tide pools to deep-sea trenches. In fact, a snailfish holds the record for the deepest-dwelling fish.




SUNY Geneseo Associate Professor Mackenzie Gerringer studies deep-sea physiology and ecology and has conducted extensive research on deep-sea snailfishes. Her research uses comparative techniques in taxonomy, functional morphology, and physiology to understand how fishes are adapted to life under crushing pressure, frigid cold, and perpetual darkness in the ocean's depths.

"The deep sea is home to an incredible diversity of organisms and a truly beautiful array of adaptations. Our discovery of not one, but three, new species of snailfishes is a reminder of how much we have yet to learn about life on Earth and of the power of curiosity and exploration," said Gerringer.

Chance encounters spark new discoveries

MBARI's Biodiversity and Biooptics Team observed the newly described bumpy snailfish during an expedition aboard the institute's retired flagship research vessel Western Flyer. Haddock and his team were exploring the outer reaches of Monterey Canyon, approximately 100 kilometers (62 miles) offshore of Central California, with MBARI's remotely operated vehicle Doc Ricketts at a depth of 3,268 meters (10,722 feet) when they observed this small snailfish swimming above the abyssal seafloor.

MBARI researchers collected this individual -- an adult female 9.2 centimeters (3.6 inches) long -- for further study in the laboratory. With features unlike other deep-sea snailfishes that MBARI had encountered offshore of California, Haddock reached out to Gerringer for more detailed analysis. MBARI frequently collaborates with expert taxonomists to review footage and specimens. These partnerships offer fresh perspectives that often spark new discoveries.

New additions to the family

Gerringer and researchers from the University of Montana and the University of Hawai`i at Manoa, including former MBARI postdoctoral fellow Jeff Drazen, examined the bumpy snailfish as part of a comprehensive analysis of three unusual snailfish specimens collected offshore of California. The team combined imaging, morphological, and genetic approaches to compare these snailfishes to other known fishes.




Using microscopy, micro-computed tomography (micro-CT) scanning, and careful measurements, the team collected detailed information about the size, shape, and physical characteristics of the three fishes, distinguishing them from all known species. They also sequenced the DNA of the specimens to compare these animals to other snailfishes and determine their evolutionary position in the family Liparidae. Their examination confirmed that all three snailfishes were new to science. The team has made their CT scan data publicly available via MorphoSource and genetic sequence data via GenBank (PV300955-PV300957 and PV298545-PV298546).

In addition to the bumpy snailfish, the SUNY Geneseo team described the dark snailfish (Careproctus yanceyi) and the sleek snailfish (Paraliparis em).

The bumpy snailfish has a distinctive pink color, a round head with large eyes, wide pectoral fins with long uppermost rays, and a bumpy texture. The dark snailfish has a fully black body with a rounded head and horizontal mouth. The sleek snailfish is distinguished from other snailfishes by a long, black, laterally compressed body, absence of a suction disk, and prominently angled jaw.

Both the dark and sleek snailfishes were collected in 2019 by Drazen and colleagues during an expedition with the submersible Alvin at Station M, a research site operated by MBARI offshore of Central California at a depth of approximately 4,000 meters (13,100 feet). MBARI scientists and researchers worldwide have leveraged a unique 30-year dataset collected by a suite of advanced instruments at Station M to make several important discoveries about abyssal ecosystems and the ocean-climate connection. The species name of the sleek snailfish, Paraliparis em, recognizes this unique research site and the people and programs that have supported the Station M time series.

Haddock's encounter is the only confirmed observation of the bumpy snailfish, so the full geographic distribution and depth range of this species remain unknown. However, a closer look at MBARI's extensive archive of underwater video suggests this species may have been previously encountered offshore of Oregon in 2009 and mistaken for a similar species, the bigtail snailfish (Osteodiscus cascadiae).

Cataloging life in the depths

The deep sea is the largest living space on Earth. The inky waters beneath the ocean's surface teem with life, including many species unknown to science. With threats like climate change and mining putting deep-sea communities at risk, documenting the residents of this environment is more urgent than ever.

Over the past 38 years, MBARI researchers and our collaborators have discovered more than 300 new species. We share video footage and specimens with taxonomy experts around the world, giving other researchers access to the deep sea. MBARI science and technology are helping establish a baseline understanding of ocean health and deep-sea biodiversity so we can better assess how climate change, pollution, mining, and other human activities will affect the marine ecosystems. From the mesmerizing "mystery mollusc" to the carnivorous harp sponge, each discovery is a new piece of the puzzle.

Funding for this work was provided by the U.S. National Science Foundation Division of Ocean Sciences (OCE-1829612), the David and Lucile Packard Foundation, and the SUNY Geneseo Research Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/09/250926035023.htm



	Previous
	Articles
	Sections
	Next




