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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.


      
        Scientists just recreated the Universe's first molecule and solved a 13-billion-year-old puzzle
        Long before stars lit up the sky, the universe was a hot, dense place where simple chemistry quietly set the stage for everything to come. Scientists have now recreated the first molecule ever to form, helium hydride, and discovered it played a much bigger role in the birth of stars than we thought. Using a special ultra-cold lab setup, they mimicked conditions from over 13 billion years ago and found that this ancient molecule helped cool the universe just enough for stars to ignite. Their findi...

      

      
        Ultra-hot Jupiter in death spiral may reveal how rocky worlds are born
        A massive, fast-orbiting planet is inching closer to its star, and scientists now have direct evidence of its impending demise. It could disintegrate, burn up, or be stripped bare, offering rare clues into how planetary systems evolve.

      

      
        Underground life on Mars? Cosmic rays could make it possible
        Cosmic rays from deep space might be the secret energy source that allows life to exist underground on Mars and icy moons like Enceladus and Europa. New research reveals that when these rays interact with water or ice below the surface, they release energy-carrying electrons that could feed microscopic life, a process known as radiolysis. This breakthrough suggests that life doesn't need sunlight or heat, just some buried water and radiation.

      

      
        This new titanium alloy is 29% cheaper, and even stronger
        A team of engineers at RMIT University has developed a groundbreaking 3D-printed titanium alloy that s stronger, more ductile, and nearly 30% cheaper to produce than the traditional standard. By replacing expensive vanadium with more accessible elements and rethinking how titanium alloys are designed, the team created a material with improved performance and more uniform microstructure key factors for aerospace and medical applications.

      

      
        Your nature photo might be a scientific breakthrough in disguise
        Every time someone snaps a wildlife photo with iNaturalist, they might be fueling breakthrough science. From rediscovering lost species to helping conservation agencies track biodiversity and invasive threats, citizen observations have become vital tools for researchers across the globe. A new study reveals just how deeply this crowdsourced data is influencing modern ecological science, and how much more it could do.

      

      
        Breakthrough lung cancer treatment supercharges immune cells with mitochondria
        Scientists have found a way to supercharge lung cancer treatment by transplanting healthy mitochondria into tumors, which both boosts immune response and makes chemotherapy far more effective. By combining this novel method with cisplatin, researchers reversed harmful tumor metabolism and empowered immune cells to fight back, all without added toxicity.

      

      
        Scientists unveil bioplastic that degrades at room temperature, and outperforms petroplastics
        Plastic pollution is a mounting global issue, but scientists at Washington University in St. Louis have taken a bold step forward by creating a new bioplastic inspired by the structure of leaves. Their innovation, LEAFF, enhances strength, functionality, and biodegradability by utilizing cellulose nanofibers, outperforming even traditional plastics. It degrades at room temperature, can be printed on, and resists air and water, offering a game-changing solution for sustainable packaging.

      

      
        This vaccine uses dental floss instead of needles
        Scientists have discovered that flossing between your teeth could one day help vaccinate you. By targeting a uniquely permeable gum tissue called the junctional epithelium, this new method stimulates immunity right where many infections enter: the mouth, nose, and lungs. Using dental floss on mice to apply a flu vaccine triggered a robust immune response--better than existing oral approaches and comparable to nasal vaccines, but without the risks. It even worked with mRNA and protein-based vaccine...

      

      
        This new drug could help PTSD patients finally let go of trauma
        Researchers discovered that PTSD may be driven by excess GABA from astrocytes, not neurons. This chemical imbalance disrupts the brain's ability to forget fear. A new drug, KDS2010, reverses this effect in mice and is already in human trials. It could represent a game-changing therapy.

      

      
        Weight loss drug Ozempic could protect the brain from stroke
        Could popular diabetes and weight loss drugs like Ozempic actually protect your brain from stroke damage, or prevent strokes altogether? Three new studies presented at a major neurosurgery conference suggest they might.

      

      
        Astronomers detect life's building blocks around a young star
        Astronomers using ALMA have discovered complex organic molecules, including potential precursors to life's building blocks, in the protoplanetary disc of a young star, V883 Orionis. This finding offers a tantalizing glimpse into how life-friendly chemistry may be far more widespread and inherited than previously thought.

      

      
        Ghost star's planet orbits backward in a bizarre stellar system
        A bizarre planet defies cosmic norms: scientists have confirmed a giant planet orbiting in reverse around one star in a close binary system--an arrangement previously thought impossible. Using advanced tools, they discovered the companion star is a faint white dwarf that lost most of its mass billions of years ago. The team now believes this planet may be a rare second-generation world, born from or captured by the debris of its dying stellar neighbor. This find challenges traditional models of pl...

      

      
        NASA's Parker Solar Probe finds hidden barrier that explains the sun's mysterious heat
        NASA's Parker Solar Probe has flown closer to the Sun than ever before, offering the first direct glimpse into the turbulent solar atmosphere. Scientists have discovered that a phenomenon called the "helicity barrier" disrupts the way energy is transformed into heat, solving a major puzzle in how the Sun's corona gets so hot and the solar wind accelerates. This breakthrough helps explain why solar wind protons are hotter than electrons and may also reveal how energy dissipates in other distant co...

      

      
        The race to save our oceans could sink us without rules
        From acid-taming ocean tech to coral breeding and seaweed farming, ocean-based climate interventions are ramping up fast. But a new international study warns we're moving too quickly--and without solid governance, these quick fixes could cause more harm than healing.

      

      
        The hidden climate battle between forests and the ocean
        Between 2003 and 2021, Earth saw a net boost in photosynthesis, mainly thanks to land plants thriving in warming, wetter conditions--especially in temperate and high-latitude regions. Meanwhile, ocean algae struggled in increasingly stratified and nutrient-poor tropical waters. Scientists tracked this global energy shift using satellite data, revealing that land ecosystems not only added more biomass but also helped stabilize climate by capturing more carbon.

      

      
        700,000 years ahead of their teeth: The carbs that made us human
        Long before evolution equipped them with the right teeth, early humans began eating tough grasses and starchy underground plants--foods rich in energy but hard to chew. A new study reveals that this bold dietary shift happened 700,000 years before the ideal dental traits evolved to handle it.

      

      
        Hidden gene in leukemia virus could revolutionize HIV treatment
        Scientists in Japan have discovered a genetic "silencer" within the HTLV-1 virus that helps it stay hidden in the body, evading the immune system for decades. This silencer element essentially turns the virus off, preventing it from triggering symptoms in most carriers. Incredibly, when this silencer was added to HIV, it made that virus less active too -- hinting at a revolutionary new strategy for managing not just HTLV-1 but other deadly retroviruses as well. The discovery opens the door to turn...

      

      
        Fatigue, anxiety, pain? They might be MS in disguise
        New research suggests that multiple sclerosis (MS) may quietly begin affecting the body up to 15 years before the first obvious neurological symptoms appear. Researchers found a steady increase in healthcare visits related to vague symptoms like fatigue, pain, and mental health issues, with noticeable patterns of doctor consultations long before diagnosis.

      

      
        This sugar molecule could stop type 1 diabetes, by fooling the immune system
        In a fascinating twist, Mayo Clinic researchers discovered that a sugar molecule cancer cells use to hide from the immune system might also protect insulin-producing beta cells in type 1 diabetes. By engineering these cells with the same sugar molecule--sialic acid--they prevented immune attacks in lab models. This approach could lead to better transplant options without broad immune suppression, offering hope for millions living with the autoimmune disease.

      

      
        AI just found 5 powerful materials that could replace lithium batteries
        AI is helping scientists crack the code on next-gen batteries that could replace lithium-ion tech. By discovering novel porous materials, researchers may have paved the way for more powerful and sustainable energy storage using abundant elements like magnesium.

      

      
        Scientists just solved the 9-million-year mystery of where potatoes came from
        About 9 million years ago, a wild interspecies fling between tomato-like plants and potato relatives in South America gave rise to one of the world's most important crops: the potato. Scientists have now traced its roots to a rare natural hybridization that created the tuber, a storage organ that allowed the plant to survive harsh Andean environments and spread rapidly.

      

      
        Scientists finally solve the mystery of what triggers lightning
        A Penn State-led research team has unraveled the long-standing mystery of how lightning begins inside thunderclouds. Their findings offer the first quantitative, physics-based explanation for lightning initiation--and a glimpse into the stormy heart of Earth's atmosphere.

      

      
        515-mile lightning flash caught from space
        A jaw-dropping 515-mile lightning bolt lit up the skies from Texas to Kansas City, smashing previous records and reshaping our understanding of extreme weather. Thanks to advanced satellite tech, scientists like Randy Cerveny and Michael Peterson are uncovering the mechanics of "megaflash" lightning--rare, colossal discharges that span hundreds of miles across the sky. These massive bolts, emerging from long-lived, sprawling thunderstorms, pose real danger even when skies seem clear.

      

      
        Black holes don't just swallow light, they sing. And we just learned the tune
        Using a powerful mathematical tool, scientists have unveiled the intricate "ringing" of black holes, unlocking patterns missed for decades and laying the groundwork for sharper gravitational wave measurements.

      

      
        Rutgers physicists just discovered a strange new state of matter
        At the edge of two exotic materials, scientists have discovered a new state of matter called a "quantum liquid crystal" that behaves unlike anything we've seen before. When a conductive Weyl semimetal and a magnetic spin ice meet under a powerful magnetic field, strange and exciting quantum behavior emerges--electrons flow in odd directions and break traditional symmetry. These findings could open doors to creating ultra-sensitive quantum sensors and exploring exotic states of matter in extreme en...

      

      
        After 50 years, scientists finally catch elusive neutrinos near a reactor
        A tiny 3 kg detector has made a huge leap in neutrino science by detecting rare CEvNS interactions at a Swiss reactor. This elusive effect, long predicted and hard to measure, was captured with unprecedented clarity. The achievement could kick off a new era of compact, mobile neutrino detectors with powerful applications.

      

      
        Found in the trash: A super opioid 1000x stronger than morphine
        A powerful new synthetic opioid, up to 1000 times stronger than morphine, has emerged in Adelaide's street drug supply, and researchers are sounding the alarm. Nitazenes, often hidden in heroin or fentanyl, have already caused dozens of deaths in Australia, with most victims unaware they were exposed. Even more concerning, researchers found the sedative xylazine mixed in, echoing deadly drug combinations seen in the U.S.

      

      
        Did drunk apes help us evolve? New clues reveal why we digest alcohol so well
        Ape behavior just got a name upgrade -- "scrumping" -- and it might help explain why humans can handle alcohol so well. Researchers discovered that African apes regularly eat overripe, fermented fruit off the forest floor, and this habit may have driven key evolutionary adaptations. By naming and classifying this behavior, scientists are hoping to better understand how alcohol tolerance evolved in our ancestors -- and how it might have helped shape everything from safety in the trees to social drink...

      

      
        Unwanted pregnancies surge with alcohol, but not with cannabis, study finds
        Women who drank heavily, even though they strongly wished to avoid pregnancy, were 50% more likely to become pregnant than those who drank little or not at all, according to new research. Surprisingly, cannabis use didn t show the same risk.

      

      
        4,000-year-old teeth reveal the earliest human high -- Hidden in plaque
        Scientists have discovered the oldest direct evidence of betel nut chewing in Southeast Asia by analyzing 4,000-year-old dental plaque from a burial in Thailand. This breakthrough method reveals invisible traces of ancient plant use, suggesting psychoactive rituals were part of daily life long before written records.

      

      
        Forget the Big Bang: Gravitational waves may have really created the Universe
        A team of scientists has proposed a groundbreaking new theory on the Universe's origins, offering a fresh, radical take on the Big Bang's early moments. Unlike the widely accepted inflationary model, which involves speculative assumptions, the new model starts with the established concept of De Sitter space, aligning with dark energy observations. The scientists believe gravitational waves--ripples in space-time--were the key to seeding the formation of galaxies and cosmic structure, eliminating th...

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

      
        What happens when light smashes into itself? Scientists just found out
        Physicists have discovered that when beams of light interact at the quantum level, they can generate ghost-like particles that briefly emerge from nothing and affect real matter. This rare phenomenon, known as light-on-light scattering, challenges the classical idea that light waves pass through each other untouched.

      

      
        This spectrometer is smaller than a pixel, and it sees what we can't
        Researchers have successfully demonstrated a spectrometer that is orders of magnitude smaller than current technologies and can accurately measure wavelengths of light from ultraviolet to the near-infrared. The technology makes it possible to create hand-held spectroscopy devices and holds promise for the development of devices that incorporate an array of the new sensors to serve as next-generation imaging spectrometers.

      

      
        Einstein was wrong: MIT just settled a 100-year quantum debate
        Physicists at MIT recreated the double-slit experiment using individual photons and atoms held in laser light, uncovering the true limits of light's wave-particle duality. Their results proved Einstein's proposal wrong and confirmed a core prediction of quantum mechanics.

      

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

      

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

      

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

      

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

      

      
        Building electronics that don't die: Columbia's breakthrough at CERN
        Deep beneath the Swiss-French border, the Large Hadron Collider unleashes staggering amounts of energy and radiation--enough to fry most electronics. Enter a team of Columbia engineers, who built ultra-rugged, radiation-resistant chips that now play a pivotal role in capturing data from subatomic particle collisions. These custom-designed ADCs not only survive the hostile environment inside CERN but also help filter and digitize the most critical collision events, enabling physicists to study elus...
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Scientists just recreated the Universe's first molecule and solved a 13-billion-year-old puzzle | ScienceDaily
Immediately after the Big Bang, which occurred around 13.8 billion years ago, the universe was dominated by unimaginably high temperatures and densities. However, after just a few seconds, it had cooled down enough for the first elements to form, primarily hydrogen and helium. These were still completely ionized at this point, as it took almost 380,000 years for the temperature in the universe to drop enough for neutral atoms to form through recombination with free electrons. This paved the way for the first chemical reactions.


						
The oldest molecule in existence is the helium hydride ion (HeH+), formed from a neutral helium atom and an ionized hydrogen nucleus. This marks the beginning of a chain reaction that leads to the formation of molecular hydrogen (H2), which is by far the most common molecule in the universe.

Recombination was followed by the 'dark age' of cosmology: although the universe was now transparent due to the binding of free electrons, there were still no light-emitting objects, such as stars. Several hundred million years passed before the first stars formed.

During this early phase of the universe, however, simple molecules such as HeH+ and H2 were essential to the formation of the first stars. In order for the contracting gas cloud of a protostar to collapse to the point where nuclear fusion can begin, heat must be dissipated. This occurs through collisions that excite atoms and molecules, which then emit this energy in the form of photons. Below approximately 10,000 degrees Celsius, however, this process becomes ineffective for the dominant hydrogen atoms. Further cooling can only take place via molecules that can emit additional energy through rotation and vibration. Due to its pronounced dipole moment, the HeH+ ion is particularly effective at these low temperatures and has long been considered a potentially important candidate for cooling in the formation of the first stars. Consequently, the concentration of helium hydride ions in the universe may significantly impact the effectiveness of early star formation.

During this period, collisions with free hydrogen atoms were a major degradation pathway for HeH+, forming a neutral helium atom and an H2+ ion. These subsequently reacted with another H atom to form a neutral H2 molecule and a proton, leading to the formation of molecular hydrogen.

Researchers at the Max-Planck-Institut fur Kernphysik (MPIK) in Heidelberg have now successfully recreated this reaction under conditions similar to those in the early universe for the first time. They investigated the reaction of HeH+ with deuterium, an isotope of hydrogen containing an additional neutron in the atomic nucleus alongside a proton. When HeH+ reacts with deuterium, an HD+ ion is formed instead of H2+, alongside the neutral helium atom.

The experiment was carried out at the Cryogenic Storage Ring (CSR) at the MPIK in Heidelberg -- a globally unique instrument for investigating molecular and atomic reactions under space-like conditions. For this purpose, HeH+ ions were stored in the 35-metre-diameter ion storage ring for up to 60 seconds at a few kelvins (-267 degC), and were superimposed with a beam of neutral deuterium atoms. By adjusting the relative speeds of the two particle beams, the scientists were able to study how the collision rate varies with collision energy, which is directly related to temperature.

They found that, contrary to earlier predictions, the rate at which this reaction proceeds does not slow down with decreasing temperature, but remains almost constant. "Previous theories predicted a significant decrease in the reaction probability at low temperatures, but we were unable to verify this in either the experiment or new theoretical calculations by our colleagues," explains Dr Holger Kreckel from the MPIK. 'The reactions of HeH+ with neutral hydrogen and deuterium therefore appear to have been far more important for chemistry in the early universe than previously assumed,' he continues. This observation is consistent with the findings of a group of theoretical physicists led by Yohann Scribano, who identified an error in the calculation of the potential surface used in all previous calculations for this reaction. The new calculations using the improved potential surface now align closely with the CSR experiment.

Since the concentrations of molecules such as HeH+ and molecular hydrogen (H2 or HD) played an important role in the formation of the first stars, this result brings us closer to solving the mystery of their formation.
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Ultra-hot Jupiter in death spiral may reveal how rocky worlds are born | ScienceDaily
Macquarie University astronomers have tracked an extreme planet's orbital decay, confirming it is spiralling towards its star in a cosmic death dance that could end in three possible ways.


						
The ultra-hot Jupiter exoplanet TOI-2109b, located 870 light-years from Earth, completes an orbit around its star in just 16 hours - making it the closest hot Jupiter ever discovered.

With a mass nearly five times that of Jupiter and almost twice Jupiter's size, TOI-2109b orbits even closer to its star than Mercury does to our Sun.

"Just to put it into context - Mercury's mass is almost 6,000 times smaller than Jupiter, but it still takes 88 days to orbit our Sun. For a huge gas giant such as TOI-2109b to fully orbit in 16 hours - it tells us that this is a planet located super-close to its star," says Dr Jaime A. Alvarado-Montes, a Macquarie Research Fellow who led the international study published on July 15 in The Astrophysical Journal.

By analysing transit timing data from multiple ground-based telescopes, NASA's TESS mission and the European Space Agency's CHEOPS satellite spanning 2010 to 2024, the team detected subtle changes in the planet's orbit.

Both theoretical models and observations independently calculated that the planet's orbital period would decrease by at least 10 seconds over the next three years - confirming the planet may be spiralling towards its star.

The researchers identified three possible fates for TOI-2109b: it could be torn apart by tidal forces, plunge directly into its star, or have its gaseous envelope stripped away by intense radiation, leaving only a rocky core.

"This planet and its interesting situation could help us figure out some mysterious astronomical phenomena that so far we really don't have much evidence to explain," Dr Alvarado-Montes says. "It could tell us the story of many other solar systems."

The findings suggest some rocky planets in other solar systems might be the stripped cores of former gas giants - a possibility that could reshape our understanding of planetary evolution.

With continued monitoring over the next three to five years, astronomers will detect the predicted orbital changes, providing real-time observation of a planetary system in its death throes.
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Underground life on Mars? Cosmic rays could make it possible | ScienceDaily
A new study from NYU Abu Dhabi has found that high-energy particles from space, known as cosmic rays, could create the energy needed to support life underground on planets and moons in our solar system.


						
The research shows that cosmic rays may not only be harmless in certain environments but could actually help microscopic life survive. These findings challenge the traditional view that life can only exist near sunlight or volcanic heat. Published in the International Journal of Astrobiology, the study is led by the Principal Investigator of the Space Exploration Laboratory at NYUAD's Center for Astrophysics and Space Science (CASS), Dimitra Atri.

The team focused on what happens when cosmic rays hit water or ice underground. The impact breaks water molecules apart and releases tiny particles called electrons. Some bacteria on Earth can use these electrons for energy, similar to how plants use sunlight. This process is called radiolysis, and it can power life even in dark, cold environments with no sunlight.

Using computer simulations, the researchers studied how much energy this process could produce on Mars and on the icy moons of Jupiter and Saturn. These moons, which are covered in thick layers of ice, are believed to have water hidden below their surfaces. The study found that Saturn's icy moon Enceladus had the most potential to support life in this way, followed by Mars, and then Jupiter's moon Europa.

"This discovery changes the way we think about where life might exist," said Atri. "Instead of looking only for warm planets with sunlight, we can now consider places that are cold and dark, as long as they have some water beneath the surface and are exposed to cosmic rays. Life might be able to survive in more places than we ever imagined."

The study introduces a new idea called the Radiolytic Habitable Zone. Unlike the traditional "Goldilocks Zone" -- the area around a star where a planet could have liquid water on its surface -- this new zone focuses on places where water exists underground and can be energized by cosmic radiation. Since cosmic rays are found throughout space, this could mean there are many more places in the universe where life could exist.

The findings provide new guidance for future space missions. Instead of only looking for signs of life on the surface, scientists might also explore underground environments on Mars and the icy moons, using tools that can detect chemical energy created by cosmic radiation.

This research opens up exciting new possibilities in the search for life beyond Earth and suggests that even the darkest, coldest places in the solar system could have the right conditions for life to survive.
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This new titanium alloy is 29% cheaper, and even stronger | ScienceDaily
Engineers from RMIT University, Australia, have produced a new type of 3D-printed titanium that's about a third cheaper than commonly used titanium alloys.


						
The team used readily available and cheaper alternative materials to replace the increasingly expensive vanadium.

RMIT has filed a provisional patent on their innovative approach, which has also been outlined in Nature Communications, as the team considers commercial opportunities to develop the new low-cost approach for aerospace and medical device industries.

RMIT's Centre for Additive Manufacturing (RCAM) PhD candidate and study lead author Ryan Brooke said testing of their alloy showed improved strength and performance compared to standard 3D-printed titanium alloys (Ti-6Al-4V).

Brooke, who has just accepted a Research Translation Fellowship at RMIT to investigate the next steps of commercialising the technology, said the area of 3D-printed titanium alloys was ripe for innovations.

"3D printing allows faster, less wasteful and more tailorable production yet we're still relying on legacy alloys like Ti-6Al-4V that doesn't allow full capitalisation of this potential. It's like we've created an aeroplane and are still just driving it around the streets," he said.

"New types of titanium and other alloys will allow us to really push the boundaries of what's possible with 3D printing and the framework for designing new alloys outlined in our study is a significant step in that direction."

The latest study outlines a time- and cost-saving method to select elements for alloying, to take advantage of emerging 3D-printing technology.




This work provides a clearer framework for predicting the printed grain structure of metallic alloys in additive manufacturing.

It has already been used to achieve impressive results: the team's alloy, while not presented in the study for commercial reasons, is 29% cheaper to produce than standard titanium.

Through this design framework, the metal also prints more evenly, avoiding the column-shaped microstructures that lead to uneven mechanical properties in some 3D printed alloys.

"By developing a more cost-effective formula that avoids this columnar microstructure, we have solved two key challenges preventing widespread adoption of 3D printing," said Brooke, who recently completed market validation as part of CSIRO's ON Prime program talking to aerospace, automotive and MedTech industry representatives about their needs.

"What I heard loud and clear from end users was that to bring new alloys to market, the benefits have to not just be minor incremental steps but a full leap forward, and that's what we have achieved here," he said.

"We have been able to not only produce titanium alloys with a uniform grain structure, but with reduced costs, while also making it stronger and more ductile."

Study corresponding author Professor Mark Easton said RCAM was focused on creating new collaborations to further develop the technology.




"We are very excited about the prospects of this new alloy, but it requires a team from across the supply chain to make it successful. So, we are looking for partners to provide guidance for the next stages of development," he said.

Samples were produced and tested at RMIT's cutting edge Advanced Manufacturing Precinct.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250803011832.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Your nature photo might be a scientific breakthrough in disguise | ScienceDaily
A frog croaks from a walking trail. A hiker snaps a photo and uploads it to iNaturalist. That single act -- one person, one amphibian and one click -- feeds into a growing global dataset that scientists now use to map shifting species ranges, detect invasive threats and even discover new species.


						
An international study led by researchers at the University of Florida Institute of Food and Agricultural Sciences (UF/IFAS) shows how iNaturalist, the global technology platform through which everyday people share wildlife photos via a website and an app, is doing far more than connecting users with nature. It's rapidly becoming a cornerstone of scientific research.

"The scientific use of iNaturalist has grown tenfold in five years, closely tracking the platform's data growth," said Brittany Mason, lead author and data management analyst at the UF/IFAS Fort Lauderdale Research and Education Center (FLREC). "This suggests that increasing observations, especially in less-documented geographic areas and lesser-studied species groups, can further expand its research applications."

"Until now, the scientific value of iNaturalist has been recognized in isolated case studies, like how a user rediscovered a century-lost Vietnamese snail, how the data are used to provide high-resolution maps of plants or how iNaturalist is becoming critical for early detection of invasive species," said Corey Callaghan, senior author of the study, and an assistant professor of global ecology at FLREC.

Those examples remained somewhat isolated until now.

"This study is the first to systematically assess the full scope of how iNaturalist data are being used in research," said Mason.

To do this, the research team assessed how technology is being used and which geographic areas and scientific questions the data are being used for. The findings

emphasize how platforms like iNaturalist allow anybody armed with a smart phone to gather data and help scientists.




"Millions of people are now directly shaping how we understand and conserve biodiversity," said Callaghan. The study reveals several trends in shaping and enhancing the future of biodiversity science.

First, the dominant use of iNaturalist in species distribution modeling and range mapping points to the platform's utility in tracking how organisms are spread across the planet. Second, the use of images uploaded to iNaturalist is on the rise in scientific research, providing new insights into species behavior, coloration and habitat preferences. Third, the exponential rise in scholarly articles using iNaturalist data suggests that as participation grows -- particularly in underrepresented regions and among lesser-studied species groups -- so, too, will its impact on science.

Launched in 2008, the platform is a non-profit organization and allows users to upload photographs or audio recordings of plants, animals, fungi, and other organisms, along with data on time and place.

A community of contributors vet observations, and those verified as "Research Grade" are shared with the Global Biodiversity Information Facility, an international database working as a clearinghouse for all biodiversity records.

The study shows that everyday people contributing their observations through iNaturalist are making meaningful contributions to scientific knowledge. "Millions of people are helping scientists track biodiversity in ways that would be impossible through traditional scientific fieldwork alone." said Carrie Seltzer, the iNaturalist head of engagement, who was not associated with the study.

Those meaningful contributions come from 128 countries and 638 groups of species, illustrating the truly global impact on biodiversity research. Research topics range from conservation planning and habitat modeling to education, machine learning and species discovery. Authors also noted the platform is also being used by conservation agencies like the International Union for Conservation of Nature to assess the status of threatened species and track the spread of invasive organisms.

"By contributing observations and identifications, everyday citizens become key players in tackling one of the planet's most pressing challenges: biodiversity loss," said Callaghan. "Now, an important frontier remains to really understand how iNaturalist data can be strategically paired with other biodiversity data to continue to inform biodiversity and conservation work in the future."

The study, published in BioScience, involved researchers from 15 institutions across the United States, Australia, Belgium, the Czech Republic, Germany and South Korea. Contributing institutions include the University of Florida, UNSW Sydney, Meise Botanic Garden, Czech University of Life Sciences Prague, the University of Munster and Changwon National University, among others.
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Breakthrough lung cancer treatment supercharges immune cells with mitochondria | ScienceDaily
While chemotherapy remains a cornerstone of lung cancer treatment, it often weakens the immune system it relies on for long-term control. Now, researchers have found a way to turn this weakness into strength -- by transplanting healthy mitochondria into the tumor environment. In advanced non-small cell lung cancer (NSCLC), combining mitochondrial transplantation with cisplatin not only enhanced immune cell infiltration but also reversed tumor metabolism and improved the drug's effectiveness. This innovative approach transforms mitochondria from mere energy suppliers into active allies in cancer therapy, showing potential to reshape how we treat aggressive lung tumors.


						
Lung cancer causes more deaths than any other cancer worldwide, with non-small cell lung cancer (NSCLC) accounting for 85% of cases. Chemotherapy is the first-line treatment for advanced NSCLC, yet its effectiveness is hampered by toxic side effects and emerging resistance. Moreover, chemotherapy damages immune cells and reduces their presence in the tumor microenvironment, limiting long-term control. Adding to this challenge, tumors can hijack immune cell mitochondria through nanotube-like structures, further dampening immunity. Immunotherapy has improved outcomes for some, but many patients still fail to respond. Due to these limitations, there is a pressing need for strategies that restore immune power and metabolic balance during chemotherapy.

Researchers from Tongji University School of Medicine and Nantong University published a study in Cancer Biology & Medicine that introduces a novel approach to lung cancer therapy. They investigated whether direct mitochondrial transplantation could enhance the effects of chemotherapy in advanced NSCLC. By combining functional mitochondria with cisplatin, the team aimed to not only improve tumor response but also restore immune vigor inside the tumor microenvironment. Their findings mark a significant step toward integrative treatments that energize both cells and immunity.

The researchers isolated functional mitochondria from human cardiomyocytes -- cells known for their high energy output -- and transplanted them into NSCLC tumor models, both in vitro and in vivo. Alone, mitochondrial transplantation did not harm cancer cells, but when combined with cisplatin, it significantly amplified tumor suppression. This synergy reduced the IC50 of cisplatin from 12.93 mM to 6.7 mM, indicating greater drug sensitivity. Tumors in mice shrank more dramatically with the combination therapy than with chemotherapy alone, and immune infiltration markedly increased. Transcriptomic analysis revealed a striking shift in tumor metabolism: downregulation of glycolysis and hypoxia genes, and upregulation of oxidative phosphorylation pathways -- reversing the Warburg effect. Markers of cell proliferation (Ki67, P53) and stemness (HIF-1a, CD44, CD133) were suppressed. Importantly, mitochondrial transplantation also restored mitochondrial activity in immune cells, enhancing the function of T cells and natural killer (NK) cells. The treatment caused no additional toxicity and preserved body weight and organ integrity. This work demonstrates that mitochondria can serve as metabolic and immunologic reinforcements, transforming the tumor landscape into one more susceptible to immune attack and chemotherapy.

"This research introduces a powerful dual-action strategy," said Dr. Liuliu Yuan, lead investigator of the study. "By replenishing immune cells with functional mitochondria, we are not just enhancing their energy -- but restoring their ability to fight. At the same time, tumor cells become more vulnerable to chemotherapy. It's like rearming the immune system while disarming the tumor. This could be a promising avenue for patients who don't respond well to conventional treatment."

This discovery lays the groundwork for a new therapeutic paradigm -- one that leverages the mitochondria's unique biology to augment cancer treatment. In patients with advanced NSCLC, mitochondrial transplantation could enhance the effects of existing chemotherapy drugs while minimizing immune suppression. Beyond lung cancer, this approach may extend to other tumors where immune dysfunction and metabolic reprogramming are barriers to treatment success. With further refinement and clinical trials, mitochondrial transfer could evolve into a versatile platform for combination therapies, helping clinicians push past the current limits of cancer care and into a new era of bioenergetic and immune restoration.
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Scientists unveil bioplastic that degrades at room temperature, and outperforms petroplastics | ScienceDaily
Society has long struggled with petroleum-derived plastic pollution, and awareness of microplastics' detrimental effects on food and water supplies adds further pressure.


						
In response, researchers have been developing biodegradable versions of traditional plastics, or "bioplastics." However, current bioplastics face challenges as well: Current versions are not as strong as petrochemical-based plastics and they only degrade through a high-temperature composting system.

Enter researchers at Washington University in St. Louis, who have solved both problems with inspiration from the humble leaf. Long before plastic, humans wrapped their food in leaves, which easily biodegrade due to an underlying structure of cellulose-rich cell walls. WashU's chemical engineers decided to introduce cellulose nanofibers to the design of bioplastics.

"We created this multilayer structure where cellulose is in the middle and the bioplastics are on two sides," said Joshua Yuan, the Lucy and Stanley Lopata Professor and chair of energy, environmental and chemical engineering at the McKelvey School of Engineering. Yuan is also director for the National Science Foundation-funded Carbon Utilization Redesign for Biomanufacturing (CURB) Engineering Research Center. "In this way, we created a material that is very strong and that offers multifunctionality," he added.

The technology emerged from working with two of the highest production bioplastics today. In a study published in Green Chemistry earlier this year, Yuan and colleagues used a variation of their leaf-inspired cellulose nanofiber structure to improve the strength and biodegradability of polyhydroxybutrate (PHB), a starch-derived plastic; they further refined their technique for polylactic acid (PLA), as detailed in a new paper just published in Nature Communications.

The plastic packaging market is a $23.5 billion industry dominated by polyethylene and polypropylene, polymers made from petroleum that break down into harmful microplastics. The researchers' optimized bioplastic, called Layered, Ecological, Advanced and multi-Functional Film (LEAFF), turned PLA into a packaging material that is biodegradable at room temperature. Additionally, the structure allows for other critical properties, such as low air or water permeability, helping keep food stable, and a surface that is printable. This improves bioplastics' affordability since it saves manufacturers from printing separate labels for packaging.

"On top of all of this, the LEAFF's underlying cellulose structure gives it a higher tensile strength than even petrochemical plastics like polyethylene and polypropylene," explained Puneet Dhatt, a PhD student in Yuan's lab and first author on the article.




The innovation was in adding that cellulosic structure that WashU's engineers replicated, cellulose fibrils embedded within the bioplastics.

"This unique biomimicking design allows us to address the limitations of bioplastic usage and overcome that technical barrier and allow for broader bioplastic utilization," Yuan said.

Circular economy ready

The United States is uniquely positioned to dominate the bioplastics market and establish a "circular economy" wherein waste products are reused, fed back into systems instead of left to pollute the air and water or sit in landfills.

Yuan hopes this technology can scale up soon and seeks commercial and philanthropic partners to help bring these improved processes to industry. Competitors from Asian and European research institutions also are working to develop similar technology. But U.S. industries have an advantage due to the country's vast agriculture system -- and WashU is near the center of the nation's agrichemical industry.

"The U.S. is particularly strong in agriculture," Yuan said. "We can provide the feedstock for bioplastic production at a lower price compared to other parts of the world."

The "feedstock" Yuan is referring to are chemicals such as lactic acid, acetate or fatty acids like oleate, products of corn or starch fermentation by microbes that serve as bioplastic factories.




Pseudomonas putida, for instance is a microbial strain widely used in the fermentation industry, including to produce a variety of polyhydroxyalkanoates (PHA), including PHB.

McKelvey Engineering researchers have designed ways to convert various wastes, including carbon dioxide, lignin and food waste, into bioplastics using strains such as P. putida. With improved bioplastic design, Yuan's research further fills in that loop, with a version of PHB and PLA that could be produced much more efficiently and degrade safely into the environment.

"The United States has a waste problem, and circular reuse could go a long way to turning that waste into useful materials," Yuan said. "If we can ramp up our bioplastic supply chain, it would create jobs and new markets," he said.

The study "Biomimetic layered, ecological, advanced, multi-functional film for sustainable packaging" was supported by NSF EEC 2330245, NSF MCB 2229160, and U.S. Department of Energy BETO (Bioenergy Technologies Office) Projects.

The study "Integrated design of multifunctional reinforced bioplastics (MReB) to synergistically enhance strength, degradability, and functionality" was supported by NSF MCB 2229160, and U.S. Department of Energy BETO (Bioenergy Technologies Office) projects including EE 0007104, DE EE 0008250, and others.
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This vaccine uses dental floss instead of needles | ScienceDaily
Researchers have demonstrated a novel vaccine delivery method in an animal model, using dental floss to introduce vaccine via the tissue between the teeth and gums. The testing found that the new technique stimulates the production of antibodies in mucosal surfaces, such as the lining of the nose and lungs.


						
"Mucosal surfaces are important, because they are a source of entry for pathogens, such as influenza and COVID," says Harvinder Singh Gill, corresponding author of a paper on the work. "However, if a vaccine is given by injection, antibodies are primarily produced in the bloodstream throughout the body, and relatively few antibodies are produced on mucosal surfaces.

"But we know that when a vaccine is given via the mucosal surface, antibodies are stimulated not only in the bloodstream, but also on mucosal surfaces," says Gill, who is the Ronald B. and Cynthia J. McNeill Term Professor in Nanomedicine at North Carolina State University. "This improves the body's ability to prevent infection, because there is an additional line of antibody defense before a pathogen enters the body."

This is where the junctional epithelium comes in. The term epithelium applies to the tissue that lines the surface of your body parts, such as the lining of your lungs, stomach and intestines. Most epithelial tissues include robust barriers that are designed to keep bad things - from viruses to dirt - from entering your blood stream. But the junctional epithelium is different.

The junctional epithelium is a thin layer of tissue located in the deepest part of the pocket between the tooth and the gum, and it lacks the barrier features found in other epithelial tissues. The lack of a barrier allows the junctional epithelium to release immune cells to fight bacteria - you find these immune cells in your saliva, as well as between your teeth and gums.

"Because the junctional epithelium is more permeable than other epithelial tissues - and is a mucosal layer - it presents a unique opportunity for introducing vaccines to the body in a way that will stimulate enhanced antibody production across the body's mucosal layers," says Gill.

To determine the viability of delivering vaccines via the junctional epithelium, the researchers applied vaccine to unwaxed dental floss and then flossed the teeth of lab mice. Specifically, the researchers compared antibody production in mice that received a peptide flu vaccine via flossing the junctional epithelium; via the nasal epithelium; or via placing vaccine on the mucosal tissue under the tongue.




"We found that applying vaccine via the junctional epithelium produces far superior antibody response on mucosal surfaces than the current gold standard for vaccinating via the oral cavity, which involves placing vaccine under the tongue," says Rohan Ingrole, first author of the paper, who was a Ph.D. student under Gill at Texas Tech University. "The flossing technique also provides comparable protection against flu virus as compared to the vaccine being given via the nasal epithelium."

"This is extremely promising, because most vaccine formulations cannot be given via the nasal epithelium - the barrier features in that mucosal surface prevent efficient uptake of the vaccine," Gill says. "Intranasal delivery also has the potential to cause the vaccine to reach the brain, which can pose safety concerns. However, vaccination via the junctional epithelium offers no such risk. For this experiment, we chose one of the few vaccine formulations that actually works for nasal delivery because we wanted to see how junctional epithelium delivery compared to the best-case scenario for nasal delivery."

The researchers also tested whether the junctional epithelium delivery method worked for three other prominent classes of vaccines: proteins, inactivated viruses and mRNA. In all three cases, the epithelial junction delivery technique produced robust antibody responses in the bloodstream and across mucosal surfaces.

The researchers also found that, at least in the animal model, it didn't matter whether food and water were consumed immediately after flossing with the vaccine - the immune response was the same.

But while regular floss serves as an adequate vaccine delivery method for lab mice, the researchers know it's not practical to ask people to hold vaccine-coated floss in their fingers. To address that challenge the researchers used a floss pick. A floss pick consists of a piece of floss stretched between two prongs that can be held by a handle.

Specifically, the researchers coated the floss in floss picks with fluorescent food dye. The researchers then recruited 27 study participants, explained the concept of applying vaccine via floss, and asked the participants to try to deposit the food dye in their epithelial junction with a floss pick.




"We found that approximately 60% of the dye was deposited in the gum pocket, which suggests that floss picks may be a practical vaccine delivery method to the epithelial junction," Ingrole says.

"We're optimistic about that work and - depending on our findings - may then move toward clinical trials," Gill says.

While there are still many questions that need to be answered before the floss technique can be considered for clinical use, the researchers think there could be significant advantages beyond the improved antibody response on mucosal surfaces.

"For example, it would be easy to administer, and it addresses concerns many people have about being vaccinated with needles," Gill says. "And we think this technique should be comparable in price to other vaccine delivery techniques.

There are also some drawbacks. For example, this technique would not work on infants and toddlers who do not yet have teeth.

"In addition, we would need to know more about how or whether this approach would work for people who have gum disease or other oral infections," Gill says.

The paper, "Floss-based vaccination targets the gingival sulcus for mucosal and systemic immunization," is published in the journal Nature Biomedical Engineering. Co-authors of the paper include Akhilesh Kumar Shakya, Chang Hyun Lee and Lazar Nesovic of Texas Tech; Gaurav Joshi of Texas Tech and NC State; and Richard Compans of Emory University.

The study was supported in part by the National Institutes of Health (NIH) under grants R01AI137846 and R01DE033759, and by funds from the Whitacre Endowed Chair in Science and Engineering at Texas Tech University.

Gill, Ingrole and Shakya are co-inventors on a patent related to targeting the junctional epithelium for vaccination.
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This new drug could help PTSD patients finally let go of trauma | ScienceDaily
Did you know that patients with post traumatic stress disorder (PTSD) often struggle to forget traumatic memories, even long after the danger has passed? This failure to extinguish fear memories has long puzzled scientists and posed a major hurdle for treatment, especially since current medications targeting serotonin receptors offer limited relief for only a subset of patients.


						
In a new discovery, scientists at the Institute for Basic Science (IBS) and Ewha Womans University have uncovered a new brain mechanism driving PTSD -- and a promising drug that may counteract its effects.

Led by Dr. C. Justin LEE at the IBS Center for Cognition and Sociality and Professor LYOO In Kyoon at Ewha Womans University, the team has shown that excessive GABA (gamma-aminobutyric acid) produced by astrocytes, which are star-shaped support cells in the brain, impairs the brain's ability to extinguish fear memories. This deficit is a core feature of PTSD and helps explain why traumatic memories can persist long after the threat has passed.

Crucially, the researchers found that a brain-permeable drug called KDS2010, which selectively blocks the monoamine oxidase B enzyme responsible for this abnormal GABA production, can reverse PTSD-like symptoms in mice. The drug has already passed Phase 1 safety trials in humans, making it a strong candidate for future PTSD treatments.

PTSD remains difficult to treat, with current medications targeting serotonin pathways providing limited relief for many patients. The new study focused on the medial prefrontal cortex (mPFC), a region of the brain critical for regulating fear, and found that PTSD patients had unusually high levels of GABA and reduced cerebral blood flow in this area. These findings emerged from brain imaging studies of more than 380 participants. Importantly, GABA levels decreased in patients who showed clinical improvement, pointing to the chemical's central role in recovery.

To uncover the origin of this excess GABA, the researchers examined postmortem human brain tissue and used PTSD-like mouse models. They discovered that astrocytes, not neurons, were producing abnormal amounts of GABA via the enzyme monoamine oxidase B (MAOB). This astrocyte-derived GABA impaired neural activity, blocking the brain's ability to forget traumatic memories.

When the researchers administered KDS2010, a highly selective, reversible MAOB inhibitor developed at IBS, the mice showed normalized brain activity and were able to extinguish fear responses. The drug reduced GABA levels, restored blood flow in the mPFC, and re-enabled memory extinction mechanisms. The study thus confirms astrocytic MAOB as a central driver of PTSD symptoms, and MAOB inhibition as a viable therapeutic path.




A major challenge of the study was linking clinical findings in humans with cellular mechanisms in the lab. The researchers addressed this by applying a "reverse translational" strategy: they began with clinical brain scans and moved backward to identify the cellular source of dysfunction, then confirmed the mechanism and tested drug effects in animal models. This approach led to a new understanding of how glial cells -- long thought to be passive -- actively shape psychiatric symptoms.

"This study is the first to identify astrocyte-derived GABA as a key pathological driver of fear extinction deficit in PTSD," said Dr. WON Woojin, a postdoctoral researcher and co-first author of the study. "Our findings not only uncover a novel astrocyte-based mechanism underlying PTSD, but also provide preclinical evidence for a new therapeutic approach using an MAOB inhibitor."

Director C. Justin LEE, who led the study, emphasized that "This work represents a successful example of reverse translational research, where clinical findings in human guided the discovery of underlying mechanisms in animal models. By identifying astrocytic GABA as a pathological driver in PTSD and targeting it via MAOB inhibition, the study opens a completely new therapeutic paradigm not only for PTSD but also for other neuropsychiatric disorders such as panic disorder, depression, and schizophrenia."

The researchers plan to further investigate astrocyte-targeted therapies for various neuropsychiatric disorders. With KDS2010 currently undergoing Phase 2 clinical trials, this discovery may soon lead to new options for patients whose symptoms have not responded to conventional treatments.
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Weight loss drug Ozempic could protect the brain from stroke | ScienceDaily
Three studies presented recently at the Society of NeuroInterventional Surgery's (SNIS) 22nd Annual Meeting discussed whether using GLP-1 inhibitors could lessen the impacts of stroke and related brain injuries or reduce the risk of stroke altogether. These medications, which lower blood sugar and often cause weight loss, are commonly prescribed for type 2 diabetes and obesity and include drugs like semaglutide (Ozempic).


						
In the first study, "The Impact of Semaglutide (Ozempic) on Mortality and Survival in Patients with Acute Ischemic Stroke: A Nationwide and Institutional Retrospective Analysis," researchers at the University of Wisconsin-Madison used patient data from both the university's medical center and a global health collaborative to see whether patients on Ozempic who experienced strokes had better outcomes than patients not taking Ozempic. The global dataset included 2,021,704 patients who had experienced stroke, 43,338 of whom were also on Ozempic, and the University of Wisconsin dataset included 13,510 people who had experienced stroke, 190 of whom used Ozempic. Death from stroke was lower for Ozempic users across both cohorts. In the global dataset, 5.26% of Ozempic users initially died from their strokes compared to 21.61% of non-users, and Ozempic users also had a 77.5% chance of surviving their strokes long term compared to 30.95% of non-Ozempic users. The university cohort showed similar results, with 5.26% of Ozempic users dying from stroke versus 26.57% of patients not using Ozempic.

In the second study, also from the University of Wisconsin-Madison, "Association between Ozempic Use and Stroke Risk: A Nationwide Emergency Department Analysis," researchers examined a large nationwide sample of emergency department records for people who experienced stroke and people who were likely using Ozempic. They found associations between potential Ozempic users and significantly reduced odds of stroke. The research team suggests taking this research further to evaluate data directly from pharmacies to be even more precise about the relationship between Ozempic and stroke prevention.

The third study, "Impact Of GLP-1 Agonists on Stroke, SAH, and ICH: A Propensity-matched Multi-institutional Cohort Study," was presented by researchers from the University of Texas Medical Branch in Galveston. They investigated whether GLP-1 inhibitors could improve patient outcomes after brain hemorrhages (both spontaneous bleeds and those due to brain aneurysm rupture) and stroke. The team reviewed patient records from 6 months and 12 months after each brain hemorrhage and 1 year and 2 years after each stroke, finding that GLP-1 inhibitor use was connected to a reduced risk of cognitive side effects, seizures, future brain hemorrhage and death after brain hemorrhage and stroke.

According to Ahmed Elbayomy, MD, a research fellow and data scientist in the Department of Neurological Surgery at the University of Wisconsin-Madison and primary author of two of these studies, these results are very promising. "More research is certainly needed, but seeing the potential protection offered by these medications is a fascinating finding."

"This research could introduce a new perspective to the discussion of preventing and mitigating the devastating effects of stroke and related brain injuries," added Matias Costa, MD, from the Neurosurgery Department at the University of Texas Medical Branch and author of the third study.
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Astronomers detect life's building blocks around a young star | ScienceDaily
Using the Atacama Large Millimeter/submillimeter Array (ALMA), a team of astronomers led by Abubakar Fadul from the Max Planck Institute for Astronomy (MPIA) has discovered complex organic molecules - including the first tentative detection of ethylene glycol and glycolonitrile - in the protoplanetary disc of the outbursting protostar V883 Orionis. These compounds are considered precursors to the building blocks of life. Comparing different cosmic environments reveals that the abundance and complexity of such molecules increase from star-forming regions to fully evolved planetary systems. This suggests that the seeds of life are assembled in space and are widespread. The findings were published in the Astrophysical Journal Letters today.


						
Astronomers have discovered complex organic molecules (COMs) in various locations associated with planet and star formation before. COMs are molecules with more than five atoms, at least one of which is carbon. Many of them are considered building blocks of life, such as amino acids and nucleic acids or their precursors. The discovery of 17 COMs in the protoplanetary disc of V883 Orionis, including ethylene glycol and glycolonitrile, provides a long-sought puzzle piece in the evolution of such molecules between the stages preceding and following the formation of stars and their planet-forming discs. Glycolonitrile is a precursor of the amino acids glycine and alanine, as well as the nucleobase adenine.

The assembly of prebiotic molecules begins in interstellar space

"Our finding points to a straight line of chemical enrichment and increasing complexity between interstellar clouds and fully evolved planetary systems," said Abubakar Fadul, MPIA

The transition from a cold protostar to a young star surrounded by a disc of dust and gas is accompanied by a violent phase of shocked gas, intense radiation and rapid gas ejection.

Such energetic processes might destroy most of the complex chemistry assembled during the previous stages. Therefore, scientists had laid out a so-called 'reset' scenario, in which most of the chemical compounds required to evolve into life would have to be reproduced in circumstellar discs while forming comets, asteroids, and planets.

"Now it appears the opposite is true," MPIA scientist and co-author Kamber Schwarz points out. "Our results suggest that protoplanetary discs inherit complex molecules from earlier stages, and the formation of complex molecules can continue during the protoplanetary disc stage." Indeed, the period between the energetic protostellar phase and the establishment of a protoplanetary disk would, on its own, be too short for COMs to form in detectable amounts.




As a result, the conditions that predefine biological processes may be widespread rather than being restricted to individual planetary systems.

Astronomers have found the simplest organic molecules, such as methanol, in dense regions of dust and gas that predate the formation of stars. Under favourable conditions, they may even contain complex compounds comprising ethylene glycol, one of the species now discovered in V883 Orionis. "We recently found ethylene glycol could form by UV irradiation of ethanolamine, a molecule that was recently discovered in space," adds Tushar Suhasaria, a co-author and the head of MPIA's Origins of Life Lab. "This finding supports the idea that ethylene glycol could form in those environments but also in later stages of molecular evolution, where UV irradiation is dominant."

More evolved agents crucial to biology, such as amino acids, sugars, and nucleobases that make up DNA and RNA, are present in asteroids, meteorites, and comets within the Solar System.

Buried in ice - resurfaced by stars

The chemical reactions that synthesize those COMs occur under cold conditions, preferably on icy dust grains that later coagulate to form larger objects. Hidden in those mixtures of rock, dust, and ice, they usually remain undetected. Accessing those molecules is only possible either by digging for them with space probes or by external heating, which evaporates the ice.

In the Solar System, the Sun heats comets, resulting in impressive tails of gas and dust, or comas, essentially gaseous envelopes that surround the cometary nuclei. This way, spectroscopy - the rainbow-like dissection of light - may pick up the emissions of freed molecules. Those spectral fingerprints help astronomers to identify the molecules previously buried in ice.




A similar heating process is occurring in the V883 Orionis system. The central star is still growing by accumulating gas from the surrounding disc until it eventually ignites the fusion fire in its core. During those growth periods, the infalling gas heats up and produces intense outbursts of radiation. "These outbursts are strong enough to heat the surrounding disc as far as otherwise icy environments, releasing the chemicals we have detected," explains Fadul.

"Complex molecules, including ethylene glycol and glycolonitrile, radiate at radio frequencies. ALMA is perfectly suited to detect those signals," says Schwarz. The MPIA astronomers were awarded access to this radio interferometer through the European Southern Observatory (ESO), which operates it in the Chilean Atacama Desert at an altitude of 5,000 metres. ALMA enabled the astronomers to pinpoint the V883 Orionis system and search for faint spectral signatures, which ultimately led to the detections.

Further challenges ahead

"While this result is exciting, we still haven't disentangled all the signatures we found in our spectra," says Schwarz. "Higher resolution data will confirm the detections of ethylene glycol and glycolonitril and maybe even reveal more complex chemicals we simply haven't identified yet."

"Perhaps we also need to look at other regions of the electromagnetic spectrum to find even more evolved molecules," Fadul points out. "Who knows what else we might discover?"

Additional information

The MPIA team involved in this study comprised Abubakar Fadul, Kamber Schwarz, and Tushar Suhasaria.

Other researchers were Jenny K. Calahan (Center for Astrophysics -- Harvard & Smithsonian, Cambridge, USA), Jane Huang (Department of Astronomy, Columbia University, New York, USA), and Merel L. R. van 't Hoff (Department of Physics and Astronomy, Purdue University, West Lafayette, USA).

The Atacama Large Millimeter/submillimeter Array (ALMA), an international astronomy facility, is a partnership of the European Southern Observatory (ESO), the U.S. National Science Foundation (NSF) and the National Institutes of Natural Sciences (NINS) of Japan in cooperation with the Republic of Chile. ALMA is funded by ESO on behalf of its Member States, by NSF in cooperation with the National Research Council of Canada (NRC) and the National Science and Technology Council (NSTC) in Taiwan and by NINS in cooperation with the Academia Sinica (AS) in Taiwan and the Korea Astronomy and Space Science Institute (KASI). ALMA construction and operations are led by ESO on behalf of its Member States; by the National Radio Astronomy Observatory (NRAO), managed by Associated Universities, Inc. (AUI), on behalf of North America; and by the National Astronomical Observatory of Japan (NAOJ) on behalf of East Asia. The Joint ALMA Observatory (JAO) provides the unified leadership and management of the construction, commissioning, and operation of ALMA.
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Ghost star's planet orbits backward in a bizarre stellar system | ScienceDaily
Most stars in the Universe exist in binary or multiple star systems, where the presence of close-in companion stars in such systems can adversely influence the formation and orbital stability of planets around one of the stars. An international team of astrophysicists led by Professor Man Hoi LEE from the Department of Earth Sciences and the Department of Physics at The University of Hong Kong (HKU) and Mr Ho Wan Cheng, an MPhil student in his team, has confirmed the existence of a planet in an unprecedented retrograde orbit (moving in the opposite direction to the binary's orbit) in the nu Octantis (nu Octantis) binary star system and revealed the role of binary star evolution in the origin of this planet. The findings have been published in the journal Nature.


						
nu Octantis is a tight binary star system comprising a primary subgiant star, nu Oct A, with about 1.6 times the mass of the Sun, and a secondary star, nu Oct B, with about half the mass of the Sun. The two stars orbit each other with a period of 1,050 days.

An additional periodic signal in the radial velocity observations (measurements of how a star moves towards or away from us) of this system was first reported by Dr David Ramm, a co-author of this new paper, during his PhD studies at the University of Canterbury, New Zealand, in 2004. This signal was consistent with the presence of a Jovian planet of about twice the mass of Jupiter orbiting around the primary star, nu Oct A, with a period of about 400 days. However, the existence of this planet has been controversial because its orbit would be so wide that it could only remain stable if it were retrograde and moved in the opposite direction to the orbit of the binary. There were no observational precedents for such a planet and strong theoretical grounds against its formation.

To settle the debate, the research team obtained new high-precision radial velocity observations using the European Southern Observatory (ESO)'s HARPS spectrograph, which confirmed the existence of the planet signal. "We performed an analysis of the new and archival radial velocity data spanning 18 years and found stable fits that require the planetary orbit to be retrograde and nearly in the same plane as the binary orbit," said Mr Ho Wan Cheng, the first author of the paper.

Another key focus of the new study was the determination of the nature of the secondary star nu Oct B. The mass of nu Oct B suggests that it could be either a low-mass main-sequence star or a white dwarf. All stars spend most of their lives on the main sequence, generating energy through nuclear fusion of hydrogen to helium in their core. After a star has exhausted its nuclear fuel, its core collapses into a stellar remnant, which would be a white dwarf if the star's initial mass is less than several times that of the Sun. A white dwarf has a mass comparable to that of the Sun packed in an Earth-sized volume.

To identify which type of star nu Oct B is, the research team used the adaptive optics imaging instrument SPHERE at ESO's Very Large Telescope to observe the system. The fact that nu Oct B was not detected in these observations indicated that it must be a very faint white dwarf. This suggests that the binary system has evolved significantly since its formation, as nu Oct B has already ejected most of its mass and entered the final stage of its stellar evolution.

The research team looked into the possible primordial configurations of the binary -- that is, the initial masses of the two stars and the initial orbit of the binary. "We found that the system is about 2.9 billion years old and that nu Oct B was initially about 2.4 times the mass of the Sun and evolved to a white dwarf about 2 billion years ago," said Cheng. "Our analysis showed that the planet could not have formed around nu Oct A at the same time as the stars."

The discovery that nu Oct B is a white dwarf opens new possibilities for how the retrograde planet may have originated. "When nu Oct B evolved into a white dwarf about 2 billion years ago, the planet could have formed in a retrograde disc of material around nu Oct A accreted from the mass ejected by nu Oct B, or it could be captured from a prograde orbit around the binary into a retrograde orbit around nu Oct A," explained Professor Man Hoi LEE.

"We might be witnessing the first compelling case of a second-generation planet; either captured, or formed from material expelled by nu Oct B, which lost more than 75% of its primordial mass to become a white dwarf," added Dr Trifon TRIFONOV of Zentrum fur Astronomie der Universitat Heidelberg in Germany and Sofia University St. Kliment Ohridski in Bulgaria and a co-author of the paper.

"The key to this exciting discovery was the use of several complementary methods to characterise the system in its entirety," said PD Dr Sabine REFFERT of Zentrum fur Astronomie der Universitat Heidelberg and another co-author of the paper.

As astronomers continue to search for planets in different environments, this study highlights that planets in tight binary systems with evolved stellar components could offer unique insights into the formation and evolution of planets.

This research uses two facilities operated by the European Southern Observatory (ESO), namely the High Accuracy Radial Velocity Planet Searcher (HARPS) spectrograph at the ESO La Silla 3.6-metre telescope and the Spectro-Polarimetric High-contrast Exoplanet Research (SPHERE) instrument at the Very Large Telescope.
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NASA's Parker Solar Probe finds hidden barrier that explains the sun's mysterious heat | ScienceDaily
The solar atmosphere, or corona, is far hotter than the Sun's surface, a paradox that has puzzled scientists for decades. Furthermore, the constant outflow of plasma and magnetic fields from the Sun, known as the solar wind, is accelerated to incredible speeds. Turbulent dissipation - the process by which mechanical energy is converted into heat - is believed to play a crucial role in both these phenomena. However, in the near-Sun environment, where plasma is largely collisionless, the exact mechanisms of this dissipation have remained elusive.


						
This new study leverages data from NASA's Parker Solar Probe, which has become the closest spacecraft to the Sun, flying directly through the solar atmosphere. This unprecedented proximity allowed researchers to directly explore this extreme environment for the first time, providing critical data to unravel these mysteries.

The paper presents compelling evidence that the "helicity barrier" is active and profoundly alters the nature of turbulent dissipation. This effect, previously theorized, creates a barrier to the turbulent cascade of energy at small scales, fundamentally changing how fluctuations dissipate and thus how the plasma is heated.

Jack McIntyre, PhD student and the lead author of the study from Queen Mary University of London, commented: "This result is exciting because, by confirming the presence of the 'helicity barrier', we can account for properties of the solar wind that were previously unexplained, including that its protons are typically hotter than its electrons. By improving our understanding of turbulent dissipation, it could also have important implications for other systems in astrophysics."

The research team also identified the specific conditions under which this barrier occurs. They found that the helicity barrier becomes fully developed when the magnetic field strength becomes large compared to the pressure in the plasma and becomes increasingly prominent when the imbalance between the oppositely propagating plasma waves that make up the turbulence is greater. Critically, these conditions are frequently met in the solar wind close to the Sun, where Parker Solar Probe is now exploring, meaning that this effect should be widespread.

Dr Christopher Chen, Reader in Space Plasma Physics at Queen Mary University of London and McIntyre's supervisor, added: "This paper is important as it provides clear evidence for the presence of the helicity barrier, which answers some long-standing questions about coronal heating and solar wind acceleration, such as the temperature signatures seen in the solar atmosphere, and the variability of different solar wind streams. This allows us to better understand the fundamental physics of turbulent dissipation, the connection between small-scale physics and the global properties of the heliosphere, and make better predictions for space weather."

The implications of this discovery extend beyond our own star, as many hot, diffuse astrophysical plasmas in the universe are also collisionless. Understanding how energy dissipates into heat in these environments has broad consequences for astrophysics. The direct observation of the helicity barrier in the solar wind provides a unique natural laboratory to study these complex processes.
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The race to save our oceans could sink us without rules | ScienceDaily
Climate interventions are accelerating in our oceans - but without responsible governance, they could do more harm than good, according to new research.


						
Coral bleaching, rising sea levels, and biodiversity loss are no longer distant threats - they are unfolding now, with profound consequences for marine ecosystems and the communities that depend on them.

In response, scientists, governments, and industries are racing to develop and deploy a suite of interventions to help the ocean respond to climate change.

The new study, published on July 31 in Science, reviewed the array of novel interventions that are being used in urgent response to the scale and intensity of the climate crisis and the dramatic changes in our oceans.

These include efforts to make the ocean less acidic to absorb more carbon dioxide, breeding climate-resilient corals that can survive warmer waters, farming seaweed to capture carbon, and restoring mangroves to protect coastlines and naturally store carbon.

Lead author, University of Melbourne Professor Tiffany Morrison said while these interventions offer hope, they also carry significant risks.

"Without robust governance, we risk repeating past mistakes - implementing solutions that are ineffective, inequitable, or even harmful," Professor Morrison said.




"The pace of innovation is outstripping our ability to regulate, monitor, and evaluate these interventions responsibly.

"Private and nonprofit funding is accelerating the ambition. In 2020 alone, philanthropists had allocated $160 million to oceanic climate action, with another US$250 million announced at COP28 in 2023 for a new global Ocean Resilience and Climate Alliance."

The researchers say to navigate these challenges, we must embrace the concept of responsible marine transformation - a governance approach that prioritises sustainability, equity, and adaptability.

"This means weighing risks against benefits, resolving ethical liabilities, improving social co-benefits, and aligning adaptation interventions with broader climate mitigation goals," Professor Morrison said.

"It is vital we conduct rigorous, comparative studies to assess the climate benefits and risks of interventions, including their scalability and long-term viability."

Co-author, University of Exteter Professor Neil Adger said communities must be engaged.




"This means collaborating with Indigenous peoples and local stakeholders from the outset, ensuring their knowledge, values, and rights shape intervention design and implementation," Professor Adger said.

"If interventions are proven viable, we must also develop and apply bioethical protocols that address not just animal welfare, but broader ecological and societal implications of upscaled deployment."

This research was funded by the Australian Research Council (ARC) and the US Society for Nature and People Partnership. Collaborators included James Cook University, the University of Michigan, the University of Exeter, the Gulf of Maine Research Institute, the University of Tasmania, and the Institute of Marine and Atmospheric Studies.

Professor Morrison was recently awarded an Australian Laureate Fellowship from the ARC to improve global marine futures.
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The hidden climate battle between forests and the ocean | ScienceDaily
Terrestrial plants drove an increase in global photosynthesis between 2003 and 2021, a trend partially offset by a weak decline in photosynthesis -- the process of using sunlight to make food -- among marine algae, according to a new study published in Nature Climate Change on August 1. The findings could inform planetary health assessments, enhance ecosystem management, and guide climate change projections and mitigation strategies.


						
Photosynthetic organisms -- also known as primary producers -- form the base of the food chain, making most life on Earth possible. Using energy from the sun, primary producers fix, or convert, carbon from the air into organic, or carbon-based, matter. But primary producers also release carbon through a process called autotrophic respiration, which is somewhat akin to breathing. The rate of carbon gain after accounting for loss through respiration is called net primary production.

"Net primary production measures the amount of energy photosynthetic organisms capture and make available to support nearly all other life in an ecosystem," said first author Yulong Zhang, a research scientist in the lab of Wenhong Li at Duke University's Nicholas School of the Environment. "As the foundation of food webs, net primary production determines ecosystem health, provides food and fibers for humans, mitigates anthropogenic carbon emissions and helps to stabilize Earth's climate."

Previous research on net primary production has typically focused on either land or ocean ecosystems, leaving gaps in our understanding of net primary production across Earth and the potential implications for climate mitigation.

For this study, the team explored annual trends and variability in global net primary production, with a focus on the interplay between land and ocean ecosystems.

"If you're looking at planetary health, you want to look at both terrestrial and marine domains for an integrated view of net primary production. The pioneering studies that first combined terrestrial and marine primary production have not been substantially updated in over two decades," said co-author Nicolas Cassar, Lee Hill Snowdon Bass Chair at the Nicholas School who jointly oversaw the research with Zhang.

Satellite Insights

Observations from satellites offer continuous perspective on photosynthesis by plants and marine algae called phytoplankton. Specifically, specialized satellite instruments measure surface greenness, which represents the abundance of a green pigment called chlorophyll produced by photosynthetic life. Computer models then estimate net primary production by combining greenness data with other environmental data, such as temperature, light and nutrient variability.




The authors of the new study used six different satellite-based datasets on net primary production -- three for land and three for oceans -- for the years from 2003 to 2021. Using statistical methods, they analyzed annual changes in net primary production for land and, separately, for the ocean.

They found a significant increase in terrestrial net primary production, at a rate of 0.2 billion metric tons of carbon per year between 2003 and 2021. The trend was widespread from temperate to boreal, or high-latitude, areas, with a notable exception in the tropics of South America.

By contrast, the team identified an overall decline in marine net primary production, of about 0.1 billion metric tons of carbon per year for the same time period. Strong declines mainly occurred in tropical and subtropical oceans, particularly in the Pacific Ocean.

All told, trends on land dominated those of oceans: Global net primary production increased significantly between 2003 and 2021, at a rate of 0.1 billion metric tons of carbon per year.

Environmental Drivers

To understand the potential environmental factors at play, the team analyzed variables such as light availability, air and sea-surface temperature, precipitation and mixed layer depth -- a measure that reflects the extent of mixing in the ocean's top layer by wind, waves and surface currents.




"The shift toward greater primary production on land mainly stemmed from plants in higher latitudes, where warming has extended growing seasons and created more favorable temperatures, and in temperate regions that experienced local wetting in some areas, forest expansion and cropland intensification," said Wenhong Li, a professor of earth and climate sciences at the Nicholas School and a co-author on the study.

Warming temperatures appeared to have an opposite effect in some ocean areas.

"Rising sea surface temperatures likely reduced primary production by phytoplankton in tropical and subtropical regions," Cassar added. "Warmer waters can layer atop cooler waters and interfere with the mixing of nutrients essential to algal survival."

Although land drove the overall increase in global primary production, the ocean primarily influenced year-to-year variability, especially during strong climate events such as El Nino and La Nina, the authors found.

"We observed that ocean primary production responds much more strongly to El Nino and La Nina than land primary production," said co-author Shineng Hu, an assistant professor of climate dynamics at the Nicholas School. "A series of La Nina events was partly responsible for a trend reversal in ocean primary production that we identified after 2015. This finding highlights the ocean's greater sensitivity to future climate variability."

Broad Implications

The study points to the important role of terrestrial ecosystems in offsetting declines in net primary production among marine phytoplankton, according to the authors.

But they added that declines in net primary production in tropical and subtropical oceans, coupled with stagnation on land in the tropics, can weaken the foundation of tropical food webs, with cascading effects on biodiversity, fisheries and local economies. Over time, these disruptions could also compromise the ability of tropical regions to function as effective carbon sinks, potentially intensifying the impacts of climate warming.

"Whether the decline in ocean primary production will continue -- and how long and to what extent increases on land can make up for those losses -- remains a key unanswered question with major implications for gauging the health of all living things, and for guiding climate change mitigation," Zhang said. "Long-term, coordinated monitoring of both land and ocean ecosystems as integrated components of Earth is essential."

Funding: Y.Z., W.L., and G.S. were partially supported by the Duke University-USDA Forest Service collaboration (23-JV-11330180-119). N.C. was supported by the National Science Foundation (OCE-2123198). J.M. was supported by the Oak Ridge National Laboratory. J.X. is supported by the National Science Foundation (Macrosystem Biology) and NEON-Enabled Science Program (DEB-2017870).
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700,000 years ahead of their teeth: The carbs that made us human | ScienceDaily
As early humans spread from lush African forests into grasslands, their need for ready sources of energy led them to develop a taste for grassy plants, especially grains and the starchy plant tissue hidden underground.


						
But a new Dartmouth-led study shows that hominins began feasting on these carbohydrate-rich foods before they had the ideal teeth to do so. The study provides the first evidence from the human fossil record of behavioral drive, wherein behaviors beneficial for survival emerge before the physical adaptations that make it easier, the researchers report in Science.

The study authors analyzed fossilized hominin teeth for carbon and oxygen isotopes left behind from eating plants known as graminoids, which includes grasses and sedges. They found that ancient humans gravitated toward consuming these plants far earlier than their teeth evolved to chew them efficiently. It was not until 700,000 years later that evolution finally caught up in the form of longer molars like those that let modern humans easily chew tough plant fibers.

The findings suggest that the success of early humans stemmed from their ability to adapt to new environments despite their physical limitations, says Luke Fannin, a postdoctoral researcher at Dartmouth and lead author of the study.

"We can definitively say that hominins were quite flexible when it came to behavior and this was their advantage," Fannin says. "As anthropologists, we talk about behavioral and morphological change as evolving in lockstep. But we found that behavior could be a force of evolution in its own right, with major repercussions for the morphological and dietary trajectory of hominins."

Nathaniel Dominy, the Charles Hansen Professor of Anthropology at Dartmouth and senior author of the study, says isotope analysis overcomes the enduring challenge of identifying the factors that caused the emergence of new behaviors -- behavior doesn't fossilize.

"Anthropologists often assume behaviors on the basis of morphological traits, but these traits can take a long time -- a half-million years or more--to appear in the fossil record," Dominy says.




"But these chemical signatures are an unmistakable remnant of grass-eating that is independent of morphology," he says. "They show a significant lag between this novel feeding behavior and the need for longer molar teeth to meet the physical challenge of chewing and digesting tough plant tissues."

The team analyzed the teeth of various hominin species, beginning with the distant human relative Australopithecus afarensis, to track how the consumption of different parts of graminoids progressed over millennia. For comparison, they also analyzed the fossilized teeth of two extinct primate species that lived around the same time -- giant terrestrial baboon-like monkeys called theropiths and small leaf-eating monkeys called colobines.

All three species veered away from fruits, flowers, and insects toward grasses and sedges between 3.4 million to 4.8 million years ago, the researchers report. This was despite lacking the teeth and digestive systems optimal for eating these tougher plants.

Hominins and the two primates exhibited similar plant diets until 2.3 million years ago when carbon and oxygen isotopes in hominin teeth changed abruptly, the study found. This plummet in both isotope ratios suggests that the human ancestor at the time, Homo rudolfensis, cut back on grasses and consumed more oxygen-depleted water.

The researchers lay out three possible explanations for this spike, including that these hominins drank far more water than other primates and savanna animals, or that they suddenly adopted a hippopotamus-like lifestyle of being submerged in water all day and eating at night.

The explanation most consistent with what's known about early-human behavior, they report, is that later hominins gained regular access to underground plant organs known as tubers, bulbs, and corms. Oxygen-depleted water also is found in these bulging appendages that many graminoids use for storing large amounts of carbohydrates safely away from plant-eating animals.




The transition from grasses to these high-energy plant tissues would make sense for a species growing in population and physical size, Fannin says. These underground caches were plentiful, less risky than hunting, and provided more nutrients for early humans' expanding brains. Having already adopted stone tools, ancient humans could dig up tubers, bulbs, and corms while facing little competition from other animals.

"We propose that this shift to underground foods was a signal moment in our evolution," Fannin says. "It created a glut of carbs that were perennial -- our ancestors could access them at any time of year to feed themselves and other people."

Measurements of hominin teeth showed that while they became consistently smaller -- shrinking about 5% every 1,000 years -- molars grew longer, the researchers report. Hominins' dietary shift toward graminoids outpaced that physical change for most of their history.

But the study found that the ratio flipped about 2 million years ago with Homo habilis and Homo ergaster, whose teeth exhibited a spurt of change in shape and size more suited to eating cooked tissues, such as roasted tubers.

Graminoids are ubiquitous across many ecosystems. Wherever they were, hominins would have been able to maximize the nutrients derived from these plants as their teeth became more efficient at breaking them down, Dominy says.

"One of the burning questions in anthropology is what did hominins do differently that other primates didn't do? This work shows that the ability to exploit grass tissues may be our secret sauce," Dominy says.

"Even now, our global economy turns on a few species of grass--rice, wheat, corn, and barley," he says. "Our ancestors did something completely unexpected that changed the game for the history of species on Earth."
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Hidden gene in leukemia virus could revolutionize HIV treatment | ScienceDaily
A research team from Kumamoto University has made a groundbreaking discovery that reveals how the human T-cell leukemia virus type 1 (HTLV-1) silently persists in the body, potentially laying the foundation for new therapeutic approaches. Their findings, published on May 13, 2025, in Nature Microbiology, identify a previously unknown genetic "silencer" element that keeps the virus in a dormant, undetectable state.


						
HTLV-1 is a cancer-causing retrovirus known to lead to adult T-cell leukemia/lymphoma (ATL), an aggressive and often fatal disease. Although most infected individuals remain asymptomatic for life, a fraction eventually develops leukemia or other inflammatory conditions. The virus achieves long-term persistence by entering a "latent" state, during which its genetic material hides inside the host's genome with minimal activity -- evading immune detection.

In this study, the research team, led by Professor Yorifumi Satou from the Joint Research Center for Human Retrovirus, Kumamoto University, identified a specific region within the HTLV-1 genome that functions as a viral silencer. This sequence recruits host transcription factors, particularly the RUNX1 complex, which suppresses the virus's gene expression. When this silencer region was removed or mutated, the virus became more active, leading to greater immune recognition and clearance in lab models.

Remarkably, when the HTLV-1 silencer was artificially inserted into HIV-1 -- the virus that causes AIDS -- the HIV virus adopted a more latent-like state, with reduced replication and cell killing. This suggests that the silencer mechanism could potentially be harnessed to design better therapies for HIV as well.

"This is the first time we've uncovered a built-in mechanism that allows a human leukemia virus to regulate its own invisibility," said Professor Satou. "It's a clever evolutionary tactic, and now that we understand it, we might be able to turn the tables in treatment."

The findings offer hope not only for understanding and treating HTLV-1, especially in endemic regions like southwestern Japan, but also for broader retroviral infections.
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Fatigue, anxiety, pain? They might be MS in disguise | ScienceDaily
The earliest warning signs of multiple sclerosis (MS) may emerge more than a decade before the first classical neurological symptoms occur, according to new research from the University of British Columbia.


						
Published on August 1 in JAMA Network Open, the study analyzed the health records of more than 12,000 people in British Columbia and found that those with MS began using healthcare services at elevated rates 15 years before their first MS symptoms appear.

The findings challenge long-held assumptions about when the disease truly begins, offering the most comprehensive picture to date of how patients engage with a range of healthcare providers in the years leading up to a diagnosis as they search for answers to ill-defined medical challenges.

"MS can be difficult to recognize as many of the earliest signs -- like fatigue, headache, pain and mental health concerns -- can be quite general and easily mistaken for other conditions," said senior author Dr. Helen Tremlett, professor of neurology at UBC's faculty of medicine and investigator at the Djavad Mowafaghian Centre for Brain Health. "Our findings dramatically shift the timeline for when these early warning signs are thought to begin, potentially opening the door to opportunities for earlier detection and intervention."

The study used linked clinical and administrative provincial health data to track physician visits in the 25 years leading up to the onset of a patient's MS symptoms, as determined by a neurologist through detailed medical history and clinical assessments.

It is the first study to examine healthcare usage this far back in a patient's clinical history. Most previous studies only examined trends in the five to 10 years leading up to a patient's first demyelinating event (such as vision problems) using administrative data. This is a much later benchmark compared to the neurologist-determined date of symptom onset.

The findings revealed that, when compared to the general population, people with MS had a steady build-up of healthcare engagement over 15 years with different types of doctor visits increasing at distinct points in time:
    	15 years before symptom onset: Visits to general practice physicians increased, as did visits to any physician for symptoms like fatigue, pain, dizziness and mental health conditions including anxiety and depression.
    	12 years before: Visits to a psychiatrist increased.
    	Eight to nine years before: Visits to neurologists and ophthalmologists increased, which could relate to issues like blurry vision or eye pain.
    	Three to five years before: Emergency medicine and radiology visits increased.
    	One year before: Physician visits across multiple specialties peaked, including neurology, emergency medicine and radiology.

"These patterns suggest that MS has a long and complex prodromal phase -- where something is happening beneath the surface but hasn't yet declared itself as MS," said Dr. Marta Ruiz-Alguero, a postdoctoral fellow at UBC and the study's first author. "We're only now starting to understand what these early warning signs are, with mental health-related issues appearing to be among the earliest indicators."




The study builds on previous work by Dr. Tremlett and her team to characterize the early stages of MS, or prodromal phase, when subtle symptoms appear before the hallmark signs become recognizable. Prodromal periods are well established in other neurological disorders, like Parkinson's disease, where mood changes, sleep disturbances and constipation often arise years before the more familiar motor symptoms like tremors and stiffness.

While the researchers caution that the vast majority of people who experience general symptoms will not go on to develop MS, they say recognizing and characterizing the MS prodrome could one day help accelerate diagnosis and improve outcomes for patients.

"By identifying these earlier red flags, we may eventually be able to intervene sooner -- whether that's through monitoring, support or preventive strategies," said Dr. Tremlett. "It opens new avenues for research into early biomarkers, lifestyle factors and other potential triggers that may be at play during this previously overlooked phase of the disease."
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This sugar molecule could stop type 1 diabetes, by fooling the immune system | ScienceDaily
Scientific breakthroughs in one disease don't always shed light on treating other diseases. But that's been the surprising journey of one Mayo Clinic research team. After identifying a sugar molecule that cancer cells use on their surfaces to hide from the immune system, the researchers have found the same molecule may eventually help in the treatment of type 1 diabetes, once known as juvenile diabetes.


						
Type 1 diabetes is a chronic autoimmune condition in which the immune system errantly attacks pancreatic beta cells that produce insulin. The disease is caused by genetic and other factors and affects an estimated 1.3 million people in the U.S.

In their studies, the Mayo Clinic researchers took a cancer mechanism and turned it on its head. Cancer cells use a variety of methods to evade immune response, including coating themselves in a sugar molecule known as sialic acid. The researchers found in a preclinical model of type 1 diabetes that it's possible to dress up beta cells with the same sugar molecule, enabling the immune system to tolerate the cells.

"Our findings show that it's possible to engineer beta cells that do not prompt an immune response," says immunology researcher Virginia Shapiro, Ph.D., principal investigator of the study, published in the Journal of Clinical Investigation.

A few years ago, Dr. Shapiro's team demonstrated that an enzyme, known as ST8Sia6, that increases sialic acid on the surface of tumor cells helps tumor cells appear as though they are not foreign entities to be targeted by the immune system.

"The expression of this enzyme basically 'sugar coats' cancer cells and can help protect an abnormal cell from a normal immune response. We wondered if the same enzyme might also protect a normal cell from an abnormal immune response," Dr. Shapiro says. The team first established proof of concept in an artificially-induced model of diabetes.

In the current study, the team looked at preclinical models that are known for the spontaneous development of autoimmune (type 1) diabetes, most closely approximating the process that occurs in patients. Researchers engineered beta cells in the models to produce the ST8Sia6 enzyme.




In the preclinical models, the team found that the engineered cells were 90% effective in preventing the development of type 1 diabetes. The beta cells that are typically destroyed by the immune system in type 1 diabetes were preserved.

Importantly, the researchers also found the immune response to the engineered cells appears to be highly specific, says M.D.-Ph.D. student Justin Choe, first author of the publication. Choe conducted the study in the Ph.D. component of his dual degree at Mayo Clinic Graduate School of Biomedical Sciences and Mayo Clinic Alix School of Medicine.

"Though the beta cells were spared, the immune system remained intact," Choe says. The researchers were able to see active B- and T-cells and evidence of an autoimmune response against another disease process. "We found that the enzyme specifically generated tolerance against autoimmune rejection of the beta cell, providing local and quite specific protection against type 1 diabetes."

No cure currently exists for type 1 diabetes, and treatment involves using synthetic insulin to regulate blood sugar, or, for some people, undergoing a transplant of pancreatic islet cells, which include the much-needed beta cells. Because transplantation involves immunosuppression of the entire immune system, Dr. Shapiro aims to explore using the engineered beta cells in transplantable islet cells with the goal of ultimately improving therapy for patients.

"A goal would be to provide transplantable cells without the need for immunosuppression," says Dr. Shapiro. "Though we're still in the early stages, this study may be one step toward improving care."

The research was funded by grants from the National Institutes of Health.
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AI just found 5 powerful materials that could replace lithium batteries | ScienceDaily
Researchers from New Jersey Institute of Technology (NJIT) have used artificial intelligence to tackle a critical problem facing the future of energy storage: finding affordable, sustainable alternatives to lithium-ion batteries.


						
In research published in Cell Reports Physical Science, the NJIT team led by Professor Dibakar Datta successfully applied generative AI techniques to rapidly discover new porous materials capable of revolutionizing multivalent-ion batteries. These batteries, using abundant elements like magnesium, calcium, aluminum and zinc, offer a promising, cost-effective alternative to lithium-ion batteries, which face global supply challenges and sustainability issues.

Unlike traditional lithium-ion batteries, which rely on lithium ions that carry just a single positive charge, multivalent-ion batteries use elements whose ions carry two or even three positive charges. This means multivalent-ion batteries can potentially store significantly more energy, making them highly attractive for future energy storage solutions.

However, the larger size and greater electrical charge of multivalent ions make them challenging to accommodate efficiently in battery materials -- an obstacle that the NJIT team's new AI-driven research directly addresses.

"One of the biggest hurdles wasn't a lack of promising battery chemistries -- it was the sheer impossibility of testing millions of material combinations," Datta said. "We turned to generative AI as a fast, systematic way to sift through that vast landscape and spot the few structures that could truly make multivalent batteries practical.

"This approach allows us to quickly explore thousands of potential candidates, dramatically speeding up the search for more efficient and sustainable alternatives to lithium-ion technology."

To overcome these hurdles, the NJIT team developed a novel dual-AI approach: a Crystal Diffusion Variational Autoencoder (CDVAE) and a finely tuned Large Language Model (LLM). Together, these AI tools rapidly explored thousands of new crystal structures, something previously impossible using traditional laboratory experiments.




The CDVAE model was trained on vast datasets of known crystal structures, enabling it to propose completely novel materials with diverse structural possibilities. Meanwhile, the LLM was tuned to zero in on materials closest to thermodynamic stability, crucial for practical synthesis.

"Our AI tools dramatically accelerated the discovery process, which uncovered five entirely new porous transition metal oxide structures that show remarkable promise," said Datta. "These materials have large, open channels ideal for moving these bulky multivalent ions quickly and safely, a critical breakthrough for next-generation batteries."

The team validated their AI-generated structures using quantum mechanical simulations and stability tests, confirming that the materials could indeed be synthesized experimentally and hold great potential for real-world applications.

Datta emphasized the broader implications of their AI-driven approach: "This is more than just discovering new battery materials -- it's about establishing a rapid, scalable method to explore any advanced materials, from electronics to clean energy solutions, without extensive trial and error."

With these encouraging results, Datta and his colleagues plan to collaborate with experimental labs to synthesize and test their AI-designed materials, pushing the boundaries further towards commercially viable multivalent-ion batteries.
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Scientists just solved the 9-million-year mystery of where potatoes came from | ScienceDaily
An international research team has uncovered that natural interbreeding in the wild between tomato plants and potato-like species from South America about 9 million years ago gave rise to the modern-day potato.


						
In a study publishing in the Cell Press journal Cell, researchers suggest this ancient evolutionary event triggered the formation of the tuber, the enlarged underground structure that stores nutrients found in plants like potatoes, yams, and taros.

"Our findings show how a hybridization event between species can spark the evolution of new traits, allowing even more species to emerge," says corresponding author Sanwen Huang of the Chinese Academy of Agricultural Sciences, China. "We've finally solved the mystery of where potatoes came from."

As one of the world's most important crops, the potato's origin had long puzzled scientists. In appearance, modern potato plants are almost identical to three potato-like species from Chile called Etuberosum. But these plants do not carry tubers. Based on phylogenetic analysis, potato plants are more closely related to tomatoes.

To solve this contradiction, the research team analyzed 450 genomes from cultivated potatoes and 56 of the wild potato species.

"Wild potatoes are very difficult to sample, so this dataset represents the most comprehensive collection of wild potato genomic data ever analyzed," says the paper's first author Zhiyang Zhang of the Agricultural Genomics Institute at Shenzhen, Chinese Academy of Agricultural Sciences.

They found that every potato species contained a stable, balanced mix of genetic material from both Etuberosum and tomato plants, suggesting that potatoes originated from an ancient hybridization between the two.




While Etuberosum and tomatoes are distinct species, they shared a common ancestor about 14 million years ago. Even after diverging for about 5 million years, they were able to interbreed and gave rise to the earliest potato plants with tubers around 9 million years ago.

The team also traced the origins of the potato's key tuber-forming genes, which are a combination of genetic material from each parent. They found the SP6A gene, which acts like a master switch that tells the plant when to start making tubers, came from the tomato side of the family. Another important gene called IT1, which helps control growth of the underground stems that form tubers, came from the Etuberosum side. Without either piece, the hybrid offspring would be incapable of producing tubers.

This evolutionary innovation coincided with the rapid uplift of the Andes mountains, a period when new ecological environments were emerging. With a tuber to store nutrients underground, early potatoes were able to quickly adapt to the changing environment, surviving harsh weather in the mountains.

Tubers also allow potato plants to reproduce without seeds or pollination. They grow new plants by simply sprouting from buds on the tuber. This trait allowed them to rapidly expand and fill diverse ecological niches from mild grasslands to high and cold alpine meadows in Central and South America.

"Evolving a tuber gave potatoes a huge advantage in harsh environments, fueling an explosion of new species and contributing to the rich diversity of potatoes we see and rely on today," Huang said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250801021017.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists finally solve the mystery of what triggers lightning | ScienceDaily
Though scientists have long understood how lightning strikes, the precise atmospheric events that trigger it within thunderclouds remained a perplexing mystery. The mystery may be solved, thanks to a team of researchers led by Victor Pasko, professor of electrical engineering in the Penn State School of Electrical Engineering and Computer Science, that has revealed the powerful chain reaction that triggers lightning.


						
In the study published on July 28 in the Journal of Geophysical Research, the authors described how they determined strong electric fields in thunderclouds accelerate electrons that crash into molecules like nitrogen and oxygen, producing X-rays and initiating a deluge of additional electrons and high-energy photons -- the perfect storm from which lightning bolts are born.

"Our findings provide the first precise, quantitative explanation for how lightning initiates in nature," Pasko said. "It connects the dots between X-rays, electric fields and the physics of electron avalanches."

The team used mathematical modeling to confirm and explain field observations of photoelectric phenomena in Earth's atmosphere -- when relativistic energy electrons, which are seeded by cosmic rays entering the atmosphere from outer space, multiply in thunderstorm electric fields and emit brief high-energy photon bursts. This phenomenon, known as a terrestrial gamma-ray flash, comprises the invisible, naturally occurring bursts of X-rays and accompanying radio emissions.

"By simulating conditions with our model that replicated the conditions observed in the field, we offered a complete explanation for the X-rays and radio emissions that are present within thunderclouds," Pasko said. "We demonstrated how electrons, accelerated by strong electric fields in thunderclouds, produce X-rays as they collide with air molecules like nitrogen and oxygen, and create an avalanche of electrons that produce high-energy photons that initiate lightning."

Zaid Pervez, a doctoral student in electrical engineering, used the model to match field observations -- collected by other research groups using ground-based sensors, satellites and high-altitude spy planes -- to the conditions in the simulated thunderclouds.

"We explained how photoelectric events occur, what conditions need to be in thunderclouds to initiate the cascade of electrons, and what is causing the wide variety of radio signals that we observe in clouds all prior to a lightning strike," Pervez said. "To confirm our explanation on lightning initiation, I compared our results to previous modeling, observation studies and my own work on a type of lightning called compact intercloud discharges, which usually occur in small, localized regions in thunderclouds."

Published by Pasko and his collaborators in 2023, the model, Photoelectric Feedback Discharge, simulates physical conditions in which a lightning bolt is likely to originate. The equations used to create the model are available in the paper for other researchers to use in their own work.




In addition to uncovering lightning initiation, the researchers explained why terrestrial gamma-ray flashes are often produced without flashes of light and radio bursts, which are familiar signatures of lightning during stormy weather.

"In our modeling, the high-energy X-rays produced by relativistic electron avalanches generate new seed electrons driven by the photoelectric effect in air, rapidly amplifying these avalanches," Pasko said. "In addition to being produced in very compact volumes, this runaway chain reaction can occur with highly variable strength, often leading to detectable levels of X-rays, while accompanied by very weak optical and radio emissions. This explains why these gamma-ray flashes can emerge from source regions that appear optically dim and radio silent."

In addition to Pasko and Pervez, the co-authors include Sebastien Celestin, professor of physics at the University of Orleans, France; Anne Bourdon, director of research at Ecole Polytechnique, France; Reza Janalizadeh, ionosphere scientist at NASA Goddard Space Flight Center and former postdoctoral scholar under Pasko at Penn State; Jaroslav Jansky, assistant professor of electrical engineering and communication at Brno University of Technology, Czech Republic; and Pierre Gourbin, postdoctoral scholar of astrophysics and atmospheric physics at the Technical University of Denmark.

The U.S. National Science Foundation, the Centre National d'Etudes Spatiales (CNES), the Institut Universitaire de France and the Ministry of Defense of the Czech Republic supported this research.
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515-mile lightning flash caught from space | ScienceDaily
It was a single lightning flash that streaked across the Great Plains for 515 miles, from eastern Texas nearly all the way to Kansas City, setting a new world record.


						
"We call it megaflash lightning and we're just now figuring out the mechanics of how and why it occurs," said Randy Cerveny, an Arizona State University President's Professor in the School of Geographical Sciences and Urban Planning.

Cerveny and colleagues used space-based instruments to measure the megaflash, which took place during a major thunderstorm in October 2017. Its astonishing horizontal reach surpasses by 38 miles the previous record of 477 miles recorded during an April 2020 storm in the southern U.S. The new record-setter went unnoticed until a re-examination of satellite observations from the 2017 storm.

"It is likely that even greater extremes still exist, and that we will be able to observe them as additional high-quality lightning measurements accumulate over time," said Cerveny, who serves as rapporteur of weather and climate extremes for the World Meteorological Organization, the weather agency of the United Nations.

For years, lightning detection and measurement relied on ground-based networks of antennas that detect the radio signals emitted by lightning and then estimate location and travel speed based on the time it takes signals to reach other antenna stations in the network.

Satellite-borne lightning detectors in orbit since 2017 have made it possible to continuously detect lightning and measure it accurately at continental-scale distances.

"Our weather satellites carry very exacting lightning detection equipment that we can use document to the millisecond when a lightning flash starts and how far it travels," Cerveny said.




Parked in geostationary orbit, the National Oceanic and Atmospheric Agency's GOES-16 satellite detects around one million lightning flashes per day. It is the first of four NOAA satellites equipped with geostationary lightning mappers, joined by similar satellites launched by Europe and China.

"Adding continuous measurements from geostationary orbit was a major advance," said Michael Peterson at the Georgia Tech Research Institute. "We are now at a point where most of the global megaflash hotspots are covered by a geostationary satellite, and data processing techniques have improved to properly represent flashes in the vast quantity of observational data at all scales." Peterson is first author of a report in the Bulletin of the American Meteorological Society documenting the new lightning record.

Most lightning flashes are limited to less than 10 miles in reach. When a lightning bolt reaches beyond 60 miles (100 kilometers to be exact), it's considered a megaflash. Less than 1 percent of thunderstorms produce megaflash lightning, according to satellite observations analyzed by Peterson. They arise from storms that are long-lived, typically brewing for 14 hours or more, and massive in size, covering an area comparable in square miles to the state of New Jersey. The average megaflash shoots off five to seven ground-striking branches from its horizontal path across the sky.

While megaflashes that extend hundreds of miles are rare, it's not at all unusual for lightning to strike 10 or 15 miles from its storm-cloud origin, Cerveny said. And that adds to the danger. Cerveny said people don't realize how far lightning can reach from its parent thunderstorm.

Lightning kills 20 to 30 people each year in the U.S. and injures hundreds more. Most lightning strike injuries occur before and after the thunderstorm has peaked, not at the height of the storm.

"That's why you should wait at least a half an hour after a thunderstorm passes before you go out and resume normal activities," Cerveny said. "The storm that produces a lightning strike doesn't have to be over the top of you."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250801021013.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Black holes don't just swallow light, they sing. And we just learned the tune | ScienceDaily
Black holes embody the ultimate abyss. They are the most powerful sources of gravity in the universe, capable of dramatically distorting space and time around them. When disturbed, they begin to "ring" in a distinctive pattern known as quasinormal modes: ripples in space-time that produce detectable gravitational waves.


						
In events like black hole mergers, these waves can be strong enough to detect from Earth, offering a unique opportunity to measure a black hole's mass and shape. However, precise calculation of these vibrations through theoretical methods has proven a major challenge, particularly for vibrations that are rapidly weakening.

This inspired a team of researchers at Kyoto University to try a new method of calculating the vibrations of black holes. The scientists applied a mathematical technique called the exact Wentzel-Kramers-Brillouin, orexact WKB analysisto carefully trace the behavior of waves from a black hole out into distant space. While this method has long been studied in mathematics, its application to physics -- especially to black holes -- is still a newly developing area.

"The foundations of the exact WKB methodwere largely developed by Japanese mathematicians. As a researcher from Japan, I have always found this field intellectually and culturally familiar," says corresponding author Taiga Miyachi.

This method allowed the research team to follow wave patterns in great detail, even in regions that are difficult to analyze with other existing methods. Their approach involved examining space near the black hole by extending it into the complex number domain, revealing a rich structure of the black hole's geometry.

This included a mathematical phenomenon called Stokes curves, which designate where the nature of a wave suddenly changes. While previous studies have often overlooked the infinitely spiraling Stokes curves and paths that branch off from black holes, the research team incorporated these complex features into their analysis.

The findings revealed that the team had succeeded in developing a method that systematically and precisely captures the frequency structure of rapidly weakening vibrations. This demonstrates the power of the exact WKB method as a practical tool for bridging theoretical predictions with observational data.

"We were surprised at how complex and beautiful the underlying structure of these vibrations turned out to be. We found spiraling patterns in our mathematical analysis that had been missed before, and these turned out to be key in understanding the full picture of quasinormal modes," says Miyachi.

This study makes it possible to analyze the "ringing sounds" of black holes across a wide range of theoretical models. Ultimately, this may help improve the precision of future gravitational wave observations and lead to a deeper, more reliable understanding of the true nature of our Universe and its geometry.

Looking ahead, the research team plans to extend their approach to rotating black holes and to explore the application of exact WKB analysis in studies related to quantum gravity effects.
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Rutgers physicists just discovered a strange new state of matter | ScienceDaily
Scientists have discovered a new way that matter can exist - one that is different from the usual states of solid, liquid, gas or plasma - at the interface of two exotic, materials made into a sandwich.


						
The new quantum state, called quantum liquid crystal, appears to follow its own rules and offers characteristics that could pave the way for advanced technological applications, the scientists said.

Reporting in the journal Science Advances, a Rutgers-led team of researchers described an experiment that focused on the interaction between a conducting material called the Weyl semimetal and an insulating magnetic material known as spin ice when both are subjected to an extremely high magnetic field. Both materials individually are known for their unique and complex properties.

"Although each material has been extensively studied, their interaction at this boundary has remained entirely unexplored," said Tsung-Chi Wu, who earned his doctoral degree in June from the Rutgers graduate program in physics and astronomy and is the first author of the study. "We observed new quantum phases that emerge only when these two materials interact. This creates a new quantum topological state of matter at high magnetic fields, which was previously unknown."

The team discovered that at the interface of these two materials, the electronic properties of the Weyl semimetal are influenced by the magnetic properties of the spin ice. This interaction leads to a very rare phenomenon called "electronic anisotropy" where the material conducts electricity differently in different directions. Within a circle of 360 degrees, the conductivity is lowest at six specific directions, they found. Surprisingly, when the magnetic field is increased, the electrons suddenly start flowing in two opposite directions.

This discovery is consistent with a characteristic seen in the quantum phenomenon known as rotational symmetry breaking and indicates the occurrence of a new quantum phase at high magnetic fields.

The findings are significant because they reveal new ways in which the properties of materials can be controlled and manipulated, Wu said. By understanding how electrons move in these special materials, scientists could potentially design new generations of ultra-sensitive quantum sensors of magnetic fields that work best in extreme conditions - such as in space or inside powerful machines.




Weyl semimetals are materials that allow electricity to flow in unusual ways with very high speed and zero energy loss because of special relativistic quasi-particles called Weyl fermions. Spin ice, on the other hand, are magnetic materials where the magnetic moments (tiny magnetic fields within the material) are arranged in a way that resembles the positions of hydrogen atoms in ice. When these two materials are combined, they create a heterostructure, composed of atomic layers of dissimilar materials.

Scientists have found that new states of matter appear under extreme conditions, including very low temperatures, high pressures or high magnetic fields, and behave in strange and fascinating ways. Experiments such as the Rutgers-led one may lead to new, fundamental understanding of matter beyond the naturally occurring four states of matter, according to Wu.

"This is just the beginning," Wu said. "There are multiple possibilities for exploring new quantum materials and their interactions when combined into a heterostructure. We hope our work will also inspire the physics community to explore these exciting new frontiers."

The research was conducted using a combination of experimental techniques, led by the principal investigator for the project, Jak Chakhalian, the Claud Lovelace Endowed Professor of Experimental Physics in the Department of Physics and Astronomy and a co-author of the study. The work was theoretically supported by Jedediah Pixley, an associate professor in the Department of Physics and Astronomy, also a co-author of the study.

"The experiment-theory collaboration is what really makes the work possible," Wu said. "It took us more than two years to understand the experimental results. The credit goes to the state-of-the-art theoretical modeling and calculations done by the Pixley group, particularly Jed Pixley and Yueqing Chang, a postdoctoral researcher. We are continuing our collaboration to push the frontier of the field as a Rutgers team."

Most of the experiments were conducted at the National High Magnetic Field Laboratory (MagLab) in Tallahassee, Fla., which provided the unique conditions to study these materials at ultra-low temperatures and high magnetic fields.




"We had to initiate the collaboration and travel to the MagLab multiple times to perform these experiments, each time refining ideas and methods," Wu said. "The ultra-low temperatures and high magnetic fields were crucial for observing these new phenomena."

The research builds on previous Rutgers-led research published earlier this year by Chakhalian, Mikhail Kareev, Wu and other physicists. The report described how four years of continuous experimentation led to a novel method to design and build a unique, tiny, atoms-thick structure composed of a Weyl semimetal and spin ice. The quantum heterostructure was so difficult to create, the scientists developed a machine to make it: the Q-DiP, short for quantum phenomena discovery platform.

"In that paper, we described how we made the heterostructure," said Chakhalian. "The new Science Advances paper is about what it can do."

In addition to Chakhalian, Wu, Chang and Pixley, Rutgers researchers on the study included Ang-Kun Wu, Michael Terilli, Fangdi Wen and Mikhail Kareev.
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After 50 years, scientists finally catch elusive neutrinos near a reactor | ScienceDaily
Neutrinos are extremely elusive elementary particles. Day and night, 60 billion of them stream from the Sun through every square centimeter of the Earth every second, which is transparent to them. After the first theoretical prediction of their existence, decades passed before they were actually detected. These experiments are usually extremely large to account for the very weak interaction of neutrinos with matter. Scientists at the Max Planck Institute for Nuclear Physics (MPIK) in Heidelberg have now succeeded in detecting antineutrinos from the reactor of a nuclear power plant using the CONUS+ experiment, with a detector mass of just 3 kg.


						
Originally based at the Brokdorf nuclear power plant, the CONUS experiment was relocated to the Leibstadt nuclear power plant (KKL) in Switzerland in the summer of 2023. Improvements to the 1 kg germanium semiconductor detectors, as well as the excellent measurement conditions at KKL, made it possible for the first time to measure what is known as Coherent Elastic Neutrino-Nucleus Scattering (CEvNS). In this process, neutrinos do not scatter off the individual components of the atomic nuclei in the detector, but rather coherently with the entire nucleus. This significantly increases the probability of a very small but observable nuclear recoil. This recoil caused by neutrino scattering is comparable to a ping-pong ball bouncing off a car, with the detection being the changing motion of the car. In the case of CONUS+, the scattering partners are the atomic nuclei of the germanium. Observing this effect requires low-energy neutrinos, such as those produced in large numbers in nuclear reactors.

The effect was predicted as early as 1974, but was first confirmed in 2017 by the COHERENT experiment at a particle accelerator. The CONUS+ experiment has now successfully observed the effect at full coherence and lower energies in a reactor for the first time, as described in a recent Nature research article. The compact CONUS+ setup is located 20.7 m from the reactor core (see image above). At this position, more than 10 trillion neutrinos flow through every square centimeter of surface every second. After approximately 119 days of measurement between autumn 2023 and summer 2024, the researchers were able to extract an excess of 395+-106 neutrino signals from the CONUS+ data, after subtracting all background and interfering signals. This value is in very good agreement with theoretical calculations, within the measurement uncertainty. "We have thus successfully confirmed the sensitivity of the CONUS+ experiment and its ability to detect antineutrino scattering from atomic nuclei," explains Dr. Christian Buck, one of the authors of the study. He also emphasizes the potential development of small, mobile neutrino detectors to monitor reactor heat output or isotope concentration as possible future applications of the CEvNS technique presented here.

The CEvNS measurement provides unique insights into fundamental physical processes within the Standard Model of particle physics, the current theory describing the structure of our universe. Compared to other experiments, the measurements with CONUS+ allow for a reduced dependence on nuclear physics aspects, thereby improving the sensitivity to new physics beyond the Standard Model. For this reason, CONUS+ was already equipped with improved and larger detectors in autumn 2024. With the resulting measurement accuracy, even better results are expected. "The techniques and methods used in CONUS+ have excellent potential for fundamental new discoveries," emphasizes Prof. Lindner, initiator of the project and also an author of the study. "The groundbreaking CONUS+ results could therefore mark the starting point for a new field in neutrino research."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250801020114.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Found in the trash: A super opioid 1000x stronger than morphine | ScienceDaily
A synthetic opioid 1000 times more potent than morphine is infiltrating the street drug trade in Adelaide, Australia, sparking fears of a wave of overdoses that could be lethal.


						
In the first study of its kind in South Australia, University of South Australia researchers have detected traces of nitazene in samples of discarded injecting equipment, plastic bags, vials and filters from public disposal bins at local needle and syringe program sites.

Their findings were published on July 31 in the Drug & Alcohol Review.

Using highly sensitive chemical analysis, researchers identified nitazenes in 5% of 300 samples, mainly in combination with heroin and mostly found in syringes.

Nitazenes led to 32 overdose deaths in Australia between 2020 and 2024, with 84% of patients unaware the synthetic opioid was present in the drug they consumed. It is increasingly hidden in illicit drugs such as fentanyl and heroin, posing extreme overdose risks, often with fatal consequences.

"Nitazenes are among the most potent synthetic opioids in circulation today, some stronger than fentanyl, which is 50 times more potent than heroin," according to lead researcher UniSA Associate Professor Cobus Gerber.

"These substances can be lethal in tiny quantities and are often mixed with other drugs, making them incredibly difficult to detect and monitor through traditional means," he says.




Several different nitazenes were identified, some of them combined with the non-opioid veterinary sedative xylazine, which is not approved for human use.

"This is particularly alarming," says Assoc Prof Gerber, "as xylazine has been linked to severe adverse effects, including necrotic skin lesions, prolonged sedation and depression.

"Finding xylazine alongside nitazenes in the same samples is a worrying sign because it mirrors what we are seeing overseas, especially in the United States, where these drug combinations are contributing to a wave of overdose deaths and complex clinical presentations."

Less than one in five nitazene-related emergency cases in Australia involved people who knowingly took the drug, with most people mistakenly believing they consumed heroin, methamphetamine or other familiar substances.

"Accidental exposure is a key risk," says co-author UniSA researcher Dr Emma Keller.

"When drugs are contaminated with nitazenes, the margin for error narrows dramatically. Standard doses can become fatal, especially for people who don't know what their product contains or who don't carry naloxone, a medication that can rapidly reverse the effects of an opioid overdose."

The detection of these substances in South Australia comes amid growing calls for expanded drug-checking services, including the use of nitazene-specific drug strips and public health alerts.




Associate Prof Gerber says that chemical testing of used drug paraphernalia is a non-invasive, effective way to identify emerging threats in the drug supply.

"This kind of data can trigger rapid alerts to health agencies, treatment services and peer networks, allowing people who use drugs to make more informed choices."

Wastewater analysis is also used to detect illicit drugs in the community, but due to the sporadic nature of drug use, other monitoring approaches like chemical testing are necessary.

Drug and Alcohol Services South Australia, who co-authored the study, has shared the findings with community advisory groups, healthcare providers and the state's early warning system network.
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Did drunk apes help us evolve? New clues reveal why we digest alcohol so well | ScienceDaily
If scientists are to better understand whether the genes that let us safely welcome the weekend with a cold beer or enjoy a bottle of wine with dinner began with apes eating fermented fruit, then the habit needs a name, according to a new study.


						
"Scrumping" is the name coined in a paper led by researchers at Dartmouth and the University of St Andrews in Scotland for the fondness apes have for eating ripe fruit from the forest floor. These primates' palate for picked-up produce has taken on new importance in recent years, the researchers report in the journal BioScience.

But scientists cannot fully understand the significance of this behavior -- particularly for human evolution -- because "we never bothered to differentiate fruits in trees from fruits on the ground," says Nathaniel Dominy, the Charles Hansen Professor of Anthropology at Dartmouth and a corresponding author of the paper, which includes co-author Luke Fannin, a postdoctoral researcher at Dartmouth.

In other words, scrumping by no name at all just looks like eating fruit, Dominy says. The researchers write that geneticists reported in a 2015 study that eating fermented fruit may have triggered a single amino acid change in the last common ancestor of humans and African apes that boosted their ability to metabolize alcohol by 40 times.

"It's a fascinating idea, but nobody studying these ape species, or Asian apes, had the data to test it. It just wasn't on our radar," Dominy says. "It's not that primatologists have never seen scrumping -- they observe it pretty regularly. But the absence of a word for it has disguised its importance. We're hoping to fill an important void in scientific discourse."

Scrumping, the researchers write, describes the act of gathering -- or sometimes stealing -- windfallen apples and other fruits. The word is the English form of the medieval German word "schrimpen," a noun meaning "shriveled" or "shrunken" used to describe overripe or fermented fruit. In England today, scrumpy refers to a cloudy apple cider with an alcohol by volume content that ranges from 6 to 9%.

The researchers set out to better determine how common their new behavior classification is among great apes. They examined dietary reports of orangutans, chimpanzees, and mountain and western gorillas observed in the wild.




Feeding events were cross-referenced with how high off the ground the animal was when it ate, as well as the height at which the fruit grows. If an ape at ground level was recorded eating a fruit known to grow in the middle or upper levels of the forest canopy, it was counted as scrumping.

The researchers found that African apes "scrump" on a regular basis, but orangutans do not. These results corroborate the 2015 gene-sequencing study, which found the primary enzyme for metabolizing ethanol is relatively inefficient in orangutans and other non-human primates.

The authors of the BioScience paper propose that metabolizing ethanol may let African apes safely eat the ripe, fermented fruit they find on the ground. This adaptation could free them from competing with monkeys for unripe fruit in trees. It also could spare large apes the risk of climbing and possibly falling out of trees, which a 2023 study by Dominy and Fannin reports is so incredibly dangerous that it influenced human physiology.

Given that chimpanzees consume about 10 pounds of fruit each day, the team's analysis suggests these animals ingest a non-trivial amount of alcohol, Dominy says. That level of intake suggests that chronic low-level exposure to ethanol may be a significant component of chimpanzee life, and a major force of human evolution.

The next step is measuring levels of fermentation in fruits in the trees versus fruits on the ground to better estimate alcohol consumption in chimpanzees, Dominy says.

"Scrumping by the last common ancestor of gorillas, chimpanzees, and humans about 10 million years ago could explain why humans are so astoundingly good at digesting alcohol," Dominy says. "We evolved to metabolize alcohol long before we ever figured out how to make it, and making it was one of the major drivers of the Neolithic Revolution that turned us from hunter-gatherers into farmers and changed the world."

Humans might also have retained social aspects that apes bring to scrumping, says Catherine Hobaiter, a professor of psychology and neuroscience at St Andrews and co-corresponding author of the study.




"A fundamental feature of our relationship with alcohol is our tendency to drink together, whether a pint with friends or a large social feast," Hobaiter says. "The next step is to investigate how shared feeding on fermented fruits might also influence social relationships in other apes."

The word scrumping will catch on if other scientists see its descriptive value, Dominy says. The paper in BioScience notes other words invented to capture new concepts, such as "symbiosis" -- coined in 1877 -- and the now ubiquitous "meme," introduced by evolutionary biologist Richard Dawkins in 1976.

"These are great examples of words that we never knew we needed, until we did. If the term is useful, then it will catch on," Dominy says. "That's natural selection at work!"
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Unwanted pregnancies surge with alcohol, but not with cannabis, study finds | ScienceDaily
A new study has found that, among women with a high desire to avoid becoming pregnant, those who drank heavily had a 50% higher risk of becoming pregnant than those who drank moderately or not at all. In contrast, participants who used cannabis were no more likely to have an undesired pregnancy than participants who did not use cannabis.


						
From a larger sample of over 2,000 non-pregnant women aged 15-34, researchers identified a subgroup of 936 who didn't want to get pregnant. Within that subgroup, 429 reported heavy drinking (as measured using a standard alcohol screening questionnaire) and 362 reported using cannabis (including 157 who reported daily or almost daily use).

Those who drank heavily and those who used cannabis frequently had a higher overall desire to avoid pregnancy, compared with participants who drank moderately or not at all and participants who did not use cannabis.

Over the course of one year, 71 of the 936 women who most wanted to avoid pregnancy became pregnant. More than half of those undesired pregnancies (38) occurred among those who drank heavily, more than the combined number for those who drank moderately or not at all. In other words, heavy drinking was associated with a higher risk of undesired pregnancy compared with lower levels of drinking.

In contrast, less than half of the 71 undesired pregnancies (28) occurred among people who used cannabis, meaning that those who used cannabis did not show an elevated risk of undesired pregnancy compared with people who did not use cannabis.

Lead author Dr Sarah Raifman, of the University of California, San Francisco, School of Medicine, comments: "This study made two important findings. First, non-pregnant women who drink heavily appear, on average, to have a higher desire to avoid pregnancy than those who drink moderately or not at all. Second, drinking heavily as opposed to moderately or not at all appears to put those who most want to avoid pregnancy at higher risk of becoming pregnant within one year. Finding out why those pregnancies happen is the next step in our research."

"In the meantime, given the potentially life-altering effects of fetal alcohol spectrum disorders (which occur when a fetus is exposed to alcohol through the mother's drinking) and the fact that the risk of FASD increases with the amount and duration of the mother's drinking, it's important for doctors and clinicians to support women who drink heavily to stop drinking as soon as they suspect an unintentional pregnancy."

This study was funded by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (R01-HD108643) and by the National Institute on Alcohol Abuse and Alcoholism (F31AA028988).
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4,000-year-old teeth reveal the earliest human high - Hidden in plaque | ScienceDaily
In south-east Asia, betel nut chewing has been practiced since antiquity. The plants contain compounds that enhance the consumer's alertness, energy, euphoria, and relaxation. Although the practice is becoming less common in modern times, it has been deeply embedded in social and cultural traditions for thousands of years. Chewing betel nuts typically results in dark, reddish-brown to black stained teeth.


						
Yet, teeth without staining may not mean that people didn't chew betel nuts. Now, using a new method, an international team of researchers examined ancient dental plaque from Bronze Age Thailand and found evidence of betel nut chewing.

"We identified plant derivatives in dental calculus from a 4,000-year-old burial at Nong Ratchawat, Thailand," said first author of the Frontiers in Environmental Archaeology study Dr Piyawit Moonkham, an anthropological archaeologist at Chiang Mai University in Thailand. "This is the earliest direct biomolecular evidence of betel nut use in south-east Asia."

"We demonstrate that dental calculus can preserve chemical signatures of psychoactive plant use for millennia, even when conventional archaeological evidence is completely absent," added Dr Shannon Tushingham, the senior author, who is the associate curator of anthropology at the California Academy of Sciences. "In essence, we've developed a way to make the invisible visible -- revealing behaviors and practices that have been lost to time for 4,000 years."

Hidden in plaque

At Nong Ratchawat, an archaeological site in central Thailand that dates back to the Bronze Age, 156 human burials have been unearthed since 2003. For the present study, the team collected 36 dental calculus samples from six individuals.

Back in the lab, they removed tiny amounts of plaque from the samples and the chemical residues found therein underwent analysis. The team also used betel liquid samples they produced themselves to ensure psychoactive compounds could be reliably detected through their analysis and to understand the complex biochemical interactions between ingredients. "We used dried betel nut, pink limestone paste, Piper betel leaves, and sometimes Senegalia catechu bark and tobacco. We ground the ingredients with human saliva to replicate authentic chewing conditions," Moonkham said. "Sourcing materials and experimentally 'chewing' betel nuts to create authentic quid samples was both a fun and interesting process."

The results showed that three of the archaeological samples - all stemming from a molar of the same individual, Burial 11 - contained traces of arecoline and arecaidine. These organic compounds, found in betel nuts but also plants like coffee, tea, and tobacco, have pronounced physiological effects on humans. This suggests that betel nuts were chewed as early as 4,000 years ago in Thailand.




'Archaeologically invisible' proof

"The presence of betel nut compounds in dental calculus does suggest repeated consumption, as these residues become incorporated into mineralized plaque deposits over time through regular exposure," explained Tushingham. Accordingly, the absence of tooth-staining raises questions. It could be the result of different consumption methods, the team pointed out. It could also be due to post-consumption teeth cleaning practices, or post-mortem processes affecting stain preservation over 4,000 years.

While traces of betel nut chewing were found in samples from only one individual, there is currently no proof that Burial 11 received special treatment or was of elevated social status or unique ritual significance compared to the other burials at Nong Ratchawat. The presence of stone beads as grave goods, however, could provide hints as to the individual's identity or lived experience. Studying more individuals at Nong Ratchawat and other local sites to learn when and to whom such grave goods were given could provide valuable evidence, the team said.

The methods the researchers applied can be used to examine the remaining burials at Nong Ratchawat and at other sites, they said. "Dental calculus analysis can reveal behaviors that leave no traditional archaeological traces, potentially revolutionizing our understanding of ancient lifeways and human-plant relationships," Tushingham said. "It could open new windows into the deep history of human cultural practices."

"Understanding the cultural context of traditional plant use is a larger theme we want to amplify -- psychoactive, medicinal, and ceremonial plants are often dismissed as drugs, but they represent millennia of cultural knowledge, spiritual practice, and community identity," Moonkham concluded. "Archaeological evidence can inform contemporary discussions by honoring the deep cultural heritage behind these practices."
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Forget the Big Bang: Gravitational waves may have really created the Universe | ScienceDaily
A team of scientists led by expert Raul Jimenez, ICREA researcher at the University of Barcelona's Institute of Cosmos Sciences (ICCUB), in collaboration with the University of Padua (Italy), has presented a revolutionary theory about the origins of the Universe. The study, published in the journal Physical Review Research, introduces a radical change in the understanding of the first moments after the Big Bang, without relying on the speculative assumptions that physicists have traditionally assumed.


						
Unraveling the mystery of the origins of the Universe

For decades, cosmologists have worked under the inflationary paradigm, a model that suggests that the Universe expanded extremely rapidly, in a fraction of a second, thus paving the way for everything we observe today. But this model includes too many adjustable parameters -- the free parameters -- which can be modified. Scientifically, this poses a problem, as it makes it difficult to know whether a model is truly predicting or simply adapting to the data. In a significant breakthrough, the team has proposed a model in which the early Universe does not require any of these arbitrary parameters. Instead, it begins with a well-established cosmic state called De Sitter space, which is consistent with current observations of dark energy.

Gravitational waves: the key to understanding cosmic structure

The new model does not rely on hypothetical fields or particles such as inflation. It suggests that natural quantum fluctuations in space-time, gravitational waves, were sufficient to seed the small density differences that eventually gave rise to galaxies, stars, and planets. These ripples evolve non-linearly, interacting and generating complexity over time, allowing for verifiable predictions with real data.

"For decades, we have tried to understand the early moments of the Universe using models based on elements we have never observed," says Raul Jimenez. "What makes this proposal exciting is its simplicity and verifiability. We are not adding speculative elements, but rather demonstrating that gravity and quantum mechanics may be sufficient to explain how the structure of the cosmos came into being."

Understanding the origin of the Universe is not just a philosophical question, but helps us answer fundamental questions about who we are and where we come from. This new proposal offers a minimalist but powerful, elegant and potentially refutable vision. This is science at its best: clear predictions that future observations -- such as measurements of gravitational waves and cosmic structure -- can confirm or reject.

These new results suggest that we may not need speculative elements to explain the cosmos, but only a deep understanding of gravity and quantum physics. If the model is confirmed, it could mark a new chapter in the way we think about the birth of the Universe.
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Reversing Alzheimer's damage: Two cancer drugs demonstrate surprising power | ScienceDaily
Scientists at UC San Francisco and Gladstone Institutes have identified cancer drugs that promise to reverse the changes that occur in the brain during Alzheimer's, potentially slowing or even reversing its symptoms.


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

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

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

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

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

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




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

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

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

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

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

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




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

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

A combination therapy poised for primetime 

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

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

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

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

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

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

Funding: This study was supported by the National Institute on Aging (R01AG060393, R01AG057683, RF1AG076647, R01AG078164, and P01AG073082), the National Science Foundation (2034836), and the Dolby Family Fund.
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Fat melts away, but so does muscle: What Ozempic users need to know | ScienceDaily
Popular GLP-1 drugs help many people drop tremendous amounts of weight, but the drugs fail to provide a key improvement in heart and lung function essential for long-term good health, University of Virginia experts warn in a new paper.


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

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

About GLP-1 Drugs

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

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

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




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

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

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

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

Ensuring Healthy Weight Loss

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




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

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

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

Findings Published

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


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

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

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

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

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

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




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

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

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

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

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

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


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

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

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

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

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

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




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

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

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

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

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

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


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

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

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

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

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

A cool amplifier discovery

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




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

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

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

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

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

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




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

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

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


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

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

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

Why minor splicing matters 

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

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




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

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

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

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

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

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




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

Striking result reveals path towards new treatments 

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

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

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

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

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

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

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

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

Drug discovery collaboration 

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

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

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

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

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

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

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


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

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

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

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

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

Why it matters

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




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

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

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

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

The research was supported by the National Institutes of Health and the United States Department of Agriculture's National Institute for Food and Agriculture.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250730030349.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The pandemic's secret aftershock: Inside the gut-brain breakdown | ScienceDaily
A new international study confirmed a significant post-pandemic rise in disorders of gut-brain interaction, including irritable bowel syndrome (IBS) and functional dyspepsia, according to the paper published in Clinical Gastroenterology and Hepatology. 


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

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

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

Irritable bowel syndrome

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

Functional dyspepsia

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


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

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

A new modulatory pathway

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

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

An unexpected receptor

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




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

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

Implications for perception and disorders

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


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

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

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

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

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

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

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

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


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

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

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

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

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

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




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

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

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

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

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

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

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

"By combining information from multiple surveys, we can detect population trends, and the Wildlife Conservation Society will know where to invest in conservation actions," he said.
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What happens when light smashes into itself? Scientists just found out | ScienceDaily
Usually, light waves can pass through each other without any resistance. According to the laws of electrodynamics, two light beams can exist in the same place without influencing each other; they simply overlap. Light saber battles, as seen in science fiction films, would therefore be rather boring in reality.


						
Nevertheless, quantum physics predicts the effect of "light-on-light scattering." Ordinary lasers are not powerful enough to detect it, but it has been observed at the CERN particle accelerator. Virtual particles can literally emerge from nothing for a short time, interact with the photons and change their direction. The effect is extremely small, but it must be understood precisely in order to verify particle physics theories through current high-precision experiments on muons. A team at TU Wien (Vienna) has now been able to show that a previously underestimated aspect plays an important role in this: the contribution of so-called tensor mesons. The new results have been published in the journal Physical Review Letters.

Virtual particles from nothing

When photons interact with photons, virtual particles can be created. They cannot be measured directly, as they disappear immediately. In a sense, they are constantly there and not there at the same time -- quantum physics allows such superpositions of states that would be mutually exclusive according to our classical everyday understanding.

"Even though these virtual particles cannot be observed directly, they have a measurable effect on other particles," says Jonas Mager from the Institute of Theoretical Physics at TU Wien, lead author of the study. "If you want to calculate precisely how real particles behave, you have to take all conceivable virtual particles into account correctly. That's what makes this task so difficult -- but also so interesting."

When light scatters off light, a photon may transform, for example, into an electron-positron pair. Other photons can then interact with these two particles before the electron and positron annihilate each other and become a new photon. Things become more complicated when heavier particles are created that are also subject to strong nuclear forces -- for example, mesons, which consist of a quark and an antiquark.

"There are different types of these mesons," says Jonas Mager. "We have now been able to show that one of them, the tensor mesons, has been significantly underestimated. Through the effect of light-light scattering, they influence the magnetic properties of muons, which can be used to test the Standard Model of particle physics with extreme accuracy." Tensor mesons did appear in earlier calculations, but with very rough simplifications. In the new evaluation, not only does their contribution turn out to be much stronger than previously assumed, but it also has a different sign than previously thought, thus influencing the results in the opposite direction.




Unusual theoretical methods

This result also resolves a discrepancy that arose last year between the latest analytical calculations and alternative computer simulations. "The problem is that conventional analytical calculations can describe the strong interactions of quarks only well in limiting cases," says Anton Rebhan (TU Wien).

The TU Wien team, on the other hand, used an unconventional method -- holographic quantum chromodynamics. This involves mapping processes in four dimensions (i.e. three spatial dimensions and one time dimension) onto a five-dimensional space with gravity. Some problems can then be solved more easily in this other space, and the results are then transformed back again. "The tensor mesons can be mapped onto five-dimensional gravitons, for which Einstein's theory of gravity makes clear predictions," explains Anton Rebhan. "We now have computer simulations and analytical results that fit well together but deviate from certain previous assumptions. We hope that this will also provide new impetus to accelerate already planned specific experiments on tensor mesons."

The standard model put to the test

These analyses are important for one of the biggest questions in physics: How reliable is the Standard Model of particle physics? This is the generally accepted quantum physical theory that describes all known types of particles and all forces of nature -- except gravity.

The accuracy of the Standard Model can be investigated particularly well in a few special test cases, for example by measuring the magnetic moment of muons. For many years, scientists have been puzzling over whether certain discrepancies between theory and experiment point to "new physics" beyond the Standard Model, or whether they are simply inaccuracies or errors. The discrepancy in the muon magnetic moment has recently become much smaller -- but in order to really search for new physics, the remaining theoretical uncertainties must also be understood as precisely as possible. This is exactly what the new work contributes to.
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This spectrometer is smaller than a pixel, and it sees what we can't | ScienceDaily
Researchers have successfully demonstrated a spectrometer that is orders of magnitude smaller than current technologies and can accurately measure wavelengths of light from ultraviolet to the near-infrared. The technology makes it possible to create hand-held spectroscopy devices and holds promise for the development of devices that incorporate an array of the new sensors to serve as next-generation imaging spectrometers.


						
"Spectrometers are critical tools for helping us understand the chemical and physical properties of various materials based on how light changes when it interacts with those materials," says Brendan O'Connor, corresponding author of a paper on the work and a professor of mechanical and aerospace engineering at North Carolina State University. "They are used in applications that range from manufacturing to biomedical diagnostics. However, the smallest spectrometers on the market are still fairly bulky.

"We've created a spectrometer that operates quickly, at low voltage, and that is sensitive to a wide spectrum of light," O'Connor says. "Our demonstration prototype is only a few square millimeters in size - it could fit on your phone. You could make it as small as a pixel, if you wanted to."

The technology makes use of a tiny photodetector capable of sensing wavelengths of light after the light interacts with a target material. By applying different voltages to the photodetector, you can manipulate which wavelengths of light the photodetector is most sensitive to.

"If you rapidly apply a range of voltages to the photodetector, and measure all of the wavelengths of light being captured at each voltage, you have enough data that a simple computational program can recreate an accurate signature of the light that is passing through or reflecting off of the target material," O'Connor says. "The range of voltages is less than one volt, and the entire process can take place in less than a millisecond."

Previous attempts to create miniaturized photodetectors have relied on complex optics, used high voltages, or have not been as sensitive to such a broad range of wavelengths.

In proof-of-concept testing, the researchers found their pixel-sized spectrometer was as accurate as a conventional spectrometer and had sensitivity comparable to commercial photodetection devices.

"In the long term, our goal is to bring spectrometers to the consumer market," O'Connor says. "The size and energy demand of the technology make it feasible to incorporate into a smartphone, and we think this makes some exciting applications possible. From a research standpoint, this also paves the way for improved access to imaging spectroscopy, microscopic spectroscopy, and other applications that would be useful in the lab."

The paper, "Single pixel spectrometer based on a bias-tunable tandem organic photodetector," is published in the journal Device. First author of the paper is Harry Schrickx, a former Ph.D. student at NC State. The paper was co-authored by Abdullah Al Shafe, a former Ph.D. student at NC State; Caleb Moore, a former undergraduate at NC State; Yusen Pei, a Ph.D. student at NC State; Franky So, the Walter and Ida Freeman Distinguished Professor of Materials Science and Engineering at NC State; and Michael Kudenov, the John and Catherine Amein Family Distinguished Professor of Electrical and Computer Engineering at NC State.

The work was done with support from the National Science Foundation under grants 1809753 and 2324190, and from the Office of Naval Research under grant N000142412101.
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Einstein was wrong: MIT just settled a 100-year quantum debate | ScienceDaily
MIT physicists have performed an idealized version of one of the most famous experiments in quantum physics. Their findings demonstrate, with atomic-level precision, the dual yet evasive nature of light. They also happen to confirm that Albert Einstein was wrong about this particular quantum scenario.


						
The experiment in question is the double-slit experiment, which was first performed in 1801 by the British scholar Thomas Young to show how light behaves as a wave. Today, with the formulation of quantum mechanics, the double-slit experiment is now known for its surprisingly simple demonstration of a head-scratching reality: that light exists as both a particle and a wave. Stranger still, this duality cannot be simultaneously observed. Seeing light in the form of particles instantly obscures its wave-like nature, and vice versa.

The original experiment involved shining a beam of light through two parallel slits in a screen and observing the pattern that formed on a second, faraway screen. One might expect to see two overlapping spots of light, which would imply that light exists as particles, a.k.a. photons, like paintballs that follow a direct path. But instead, the light produces alternating bright and dark stripes on the screen, in an interference pattern similar to what happens when two ripples in a pond meet. This suggests light behaves as a wave. Even weirder, when one tries to measure which slit the light is traveling through, the light suddenly behaves as particles and the interference pattern disappears.

The double-slit experiment is taught today in most high school physics classes as a simple way to illustrate the fundamental principle of quantum mechanics: that all physical objects, including light, are simultaneously particles and waves.

Nearly a century ago, the experiment was at the center of a friendly debate between physicists Albert Einstein and Niels Bohr. In 1927, Einstein argued that a photon particle should pass through just one of the two slits and in the process generate a slight force on that slit, like a bird rustling a leaf as it flies by. He proposed that one could detect such a force while also observing an interference pattern, thereby catching light's particle and wave nature at the same time. In response, Bohr applied the quantum mechanical uncertainty principle and showed that the detection of the photon's path would wash out the interference pattern.

Scientists have since carried out multiple versions of the double-slit experiment, and they have all, to various degrees, confirmed the validity of the quantum theory formulated by Bohr. Now, MIT physicists have performed the most "idealized" version of the double-slit experiment to date. Their version strips down the experiment to its quantum essentials. They used individual atoms as slits, and used weak beams of light so that each atom scattered at most one photon. By preparing the atoms in different quantum states, they were able to modify what information the atoms obtained about the path of the photons. The researchers thus confirmed the predictions of quantum theory: The more information was obtained about the path (i.e. the particle nature) of light, the lower the visibility of the interference pattern was.

They demonstrated what Einstein got wrong. Whenever an atom is "rustled" by a passing photon, the wave interference is diminished.




"Einstein and Bohr would have never thought that this is possible, to perform such an experiment with single atoms and single photons," says Wolfgang Ketterle, the John D. MacArthur Professor of Physics and leader of the MIT team. "What we have done is an idealized Gedanken experiment."

Their results appear in the journal Physical Review Letters. Ketterle's MIT co-authors include first author Vitaly Fedoseev, Hanzhen Lin, Yu-Kun Lu, Yoo Kyung Lee, and Jiahao Lyu, who all are affiliated with MIT's Department of Physics, the Research Laboratory of Electronics, and the MIT-Harvard Center for Ultracold Atoms.

Cold confinement

Ketterle's group at MIT experiments with atoms and molecules that they super-cool to temperatures just above absolute zero and arrange in configurations that they confine with laser light. Within these ultracold, carefully tuned clouds, exotic phenomena that only occur at the quantum, single-atom scale can emerge.

In a recent experiment, the team was investigating a seemingly unrelated question, studying how light scattering can reveal the properties of materials built from ultracold atoms.

"We realized we can quantify the degree to which this scattering process is like a particle or a wave, and we quickly realized we can apply this new method to realize this famous experiment in a very idealized way," Fedoseev says.




In their new study, the team worked with more than 10,000 atoms, which they cooled to microkelvin temperatures. They used an array of laser beams to arrange the frozen atoms into an evenly spaced, crystal-like lattice configuration. In this arrangement, each atom is far enough away from any other atom that each can effectively be considered a single, isolated and identical atom. And 10,000 such atoms can produce a signal that is more easily detected, compared to a single atom or two.

The group reasoned that with this arrangement, they might shine a weak beam of light through the atoms and observe how a single photon scatters off two adjacent atoms, as a wave or a particle. This would be similar to how, in the original double-slit experiment, light passes through two slits.

"What we have done can be regarded as a new variant to the double-slit experiment," Ketterle says. "These single atoms are like the smallest slits you could possibly build."

Tuning fuzz

Working at the level of single photons required repeating the experiment many times and using an ultrasensitive detector to record the pattern of light scattered off the atoms. From the intensity of the detected light, the researchers could directly infer whether the light behaved as a particle or a wave.

They were particularly interested in the situation where half the photons they sent in behaved as waves, and half behaved as particles. They achieved this by using a method to tune the probability that a photon will appear as a wave versus a particle, by adjusting an atom's "fuzziness," or the certainty of its location. In their experiment, each of the 10,000 atoms is held in place by laser light that can be adjusted to tighten or loosen the light's hold. The more loosely an atom is held, the fuzzier, or more "spatially extensive," it appears. The fuzzier atom rustles more easily and records the path of the photon. Therefore, in tuning up an atom's fuzziness, researchers can increase the probability that a photon will exhibit particle-like behavior. Their observations were in full agreement with the theoretical description.

Springs away

In their experiment, the group tested Einstein's idea about how to detect the path of the photon. Conceptually, if each slit were cut into an extremely thin sheet of paper that was suspended in the air by a spring, a photon passing through one slit should shake the corresponding spring by a certain degree that would be a signal of the photon's particle nature. In previous realizations of the double slit experiment, physicists have incorporated such a spring-like ingredient, and the spring played a major role in describing the photon's dual nature.

But Ketterle and his colleagues were able to perform the experiment without the proverbial springs. The team's cloud of atoms is initially held in place by laser light, similar to Einstein's conception of a slit suspended by a spring. The researchers reasoned that if they were to do away with their "spring," and observe exactly the same phenomenon, then it would show that the spring has no effect on a photon's wave/particle duality.

This, too, was what they found. Over multiple runs, they turned off the spring-like laser holding the atoms in place and then quickly took a measurement in a millionth of a second, before the atoms became more fuzzy and eventually fell down due to gravity. In this tiny amount of time, the atoms were effectively floating in free space. In this spring-free scenario, the team observed the same phenomenon: A photon's wave and particle nature could not be observed simultaneously.

"In many descriptions, the springs play a major role. But we show, no, the springs do not matter here; what matters is only the fuzziness of the atoms," Fedoseev says. "Therefore, one has to use a more profound description, which uses quantum correlations between photons and atoms."

The researchers note that the year 2025 has been declared by the United Nations as the International Year of Quantum Science and Technology, celebrating the formulation of quantum mechanics 100 years ago. The discussion between Bohr and Einstein about the double-slit experiment took place only two years later.

"It's a wonderful coincidence that we could help clarify this historic controversy in the same year we celebrate quantum physics," says co-author Lee.

This work was supported, in part, by the National Science Foundation, the U.S. Department of Defense, and the Gordon and Betty Moore Foundation.
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Your sleep schedule could be making you sick, says massive new study | ScienceDaily

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

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

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

The team confirmed several associations in U.S. populations and identified inflammatory pathways as a possible biological link. Future research will explore causality and assess the impact of sleep interventions on chronic disease outcomes.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250729001227.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



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


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

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

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

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

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

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




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

Behind the scenes

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

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

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

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




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

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

Contribution

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

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

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

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

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

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

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


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

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

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

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

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

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

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




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

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

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

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


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

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

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

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

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

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




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

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

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

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

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


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

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

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

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

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

Circuits that resist radiation

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




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

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

Designing "high-accuracy" reliability

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

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

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




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

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

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

Funded by the National Science Foundation and the Department of Energy, Columbia's chips play a central role in a broader international collaboration coordinated in part by Columbia's Nevis Laboratories. As research at CERN advances, Columbia-designed components will contribute to data acquisition systems that support physicists in analysing phenomena beyond the current limits of knowledge.
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        Scientists just recreated the Universe's first molecule and solved a 13-billion-year-old puzzle
        Long before stars lit up the sky, the universe was a hot, dense place where simple chemistry quietly set the stage for everything to come. Scientists have now recreated the first molecule ever to form, helium hydride, and discovered it played a much bigger role in the birth of stars than we thought. Using a special ultra-cold lab setup, they mimicked conditions from over 13 billion years ago and found that this ancient molecule helped cool the universe just enough for stars to ignite. Their findi...

      

      
        Ultra-hot Jupiter in death spiral may reveal how rocky worlds are born
        A massive, fast-orbiting planet is inching closer to its star, and scientists now have direct evidence of its impending demise. It could disintegrate, burn up, or be stripped bare, offering rare clues into how planetary systems evolve.

      

      
        Underground life on Mars? Cosmic rays could make it possible
        Cosmic rays from deep space might be the secret energy source that allows life to exist underground on Mars and icy moons like Enceladus and Europa. New research reveals that when these rays interact with water or ice below the surface, they release energy-carrying electrons that could feed microscopic life, a process known as radiolysis. This breakthrough suggests that life doesn't need sunlight or heat, just some buried water and radiation.

      

      
        Your nature photo might be a scientific breakthrough in disguise
        Every time someone snaps a wildlife photo with iNaturalist, they might be fueling breakthrough science. From rediscovering lost species to helping conservation agencies track biodiversity and invasive threats, citizen observations have become vital tools for researchers across the globe. A new study reveals just how deeply this crowdsourced data is influencing modern ecological science, and how much more it could do.

      

      
        Scientists unveil bioplastic that degrades at room temperature, and outperforms petroplastics
        Plastic pollution is a mounting global issue, but scientists at Washington University in St. Louis have taken a bold step forward by creating a new bioplastic inspired by the structure of leaves. Their innovation, LEAFF, enhances strength, functionality, and biodegradability by utilizing cellulose nanofibers, outperforming even traditional plastics. It degrades at room temperature, can be printed on, and resists air and water, offering a game-changing solution for sustainable packaging.

      

      
        Astronomers detect life's building blocks around a young star
        Astronomers using ALMA have discovered complex organic molecules, including potential precursors to life's building blocks, in the protoplanetary disc of a young star, V883 Orionis. This finding offers a tantalizing glimpse into how life-friendly chemistry may be far more widespread and inherited than previously thought.

      

      
        Ghost star's planet orbits backward in a bizarre stellar system
        A bizarre planet defies cosmic norms: scientists have confirmed a giant planet orbiting in reverse around one star in a close binary system--an arrangement previously thought impossible. Using advanced tools, they discovered the companion star is a faint white dwarf that lost most of its mass billions of years ago. The team now believes this planet may be a rare second-generation world, born from or captured by the debris of its dying stellar neighbor. This find challenges traditional models of pl...

      

      
        NASA's Parker Solar Probe finds hidden barrier that explains the sun's mysterious heat
        NASA's Parker Solar Probe has flown closer to the Sun than ever before, offering the first direct glimpse into the turbulent solar atmosphere. Scientists have discovered that a phenomenon called the "helicity barrier" disrupts the way energy is transformed into heat, solving a major puzzle in how the Sun's corona gets so hot and the solar wind accelerates. This breakthrough helps explain why solar wind protons are hotter than electrons and may also reveal how energy dissipates in other distant co...

      

      
        700,000 years ahead of their teeth: The carbs that made us human
        Long before evolution equipped them with the right teeth, early humans began eating tough grasses and starchy underground plants--foods rich in energy but hard to chew. A new study reveals that this bold dietary shift happened 700,000 years before the ideal dental traits evolved to handle it.

      

      
        Scientists just solved the 9-million-year mystery of where potatoes came from
        About 9 million years ago, a wild interspecies fling between tomato-like plants and potato relatives in South America gave rise to one of the world's most important crops: the potato. Scientists have now traced its roots to a rare natural hybridization that created the tuber, a storage organ that allowed the plant to survive harsh Andean environments and spread rapidly.

      

      
        Scientists finally solve the mystery of what triggers lightning
        A Penn State-led research team has unraveled the long-standing mystery of how lightning begins inside thunderclouds. Their findings offer the first quantitative, physics-based explanation for lightning initiation--and a glimpse into the stormy heart of Earth's atmosphere.

      

      
        515-mile lightning flash caught from space
        A jaw-dropping 515-mile lightning bolt lit up the skies from Texas to Kansas City, smashing previous records and reshaping our understanding of extreme weather. Thanks to advanced satellite tech, scientists like Randy Cerveny and Michael Peterson are uncovering the mechanics of "megaflash" lightning--rare, colossal discharges that span hundreds of miles across the sky. These massive bolts, emerging from long-lived, sprawling thunderstorms, pose real danger even when skies seem clear.

      

      
        Black holes don't just swallow light, they sing. And we just learned the tune
        Using a powerful mathematical tool, scientists have unveiled the intricate "ringing" of black holes, unlocking patterns missed for decades and laying the groundwork for sharper gravitational wave measurements.

      

      
        Rutgers physicists just discovered a strange new state of matter
        At the edge of two exotic materials, scientists have discovered a new state of matter called a "quantum liquid crystal" that behaves unlike anything we've seen before. When a conductive Weyl semimetal and a magnetic spin ice meet under a powerful magnetic field, strange and exciting quantum behavior emerges--electrons flow in odd directions and break traditional symmetry. These findings could open doors to creating ultra-sensitive quantum sensors and exploring exotic states of matter in extreme en...

      

      
        After 50 years, scientists finally catch elusive neutrinos near a reactor
        A tiny 3 kg detector has made a huge leap in neutrino science by detecting rare CEvNS interactions at a Swiss reactor. This elusive effect, long predicted and hard to measure, was captured with unprecedented clarity. The achievement could kick off a new era of compact, mobile neutrino detectors with powerful applications.

      

      
        Found in the trash: A super opioid 1000x stronger than morphine
        A powerful new synthetic opioid, up to 1000 times stronger than morphine, has emerged in Adelaide's street drug supply, and researchers are sounding the alarm. Nitazenes, often hidden in heroin or fentanyl, have already caused dozens of deaths in Australia, with most victims unaware they were exposed. Even more concerning, researchers found the sedative xylazine mixed in, echoing deadly drug combinations seen in the U.S.

      

      
        Did drunk apes help us evolve? New clues reveal why we digest alcohol so well
        Ape behavior just got a name upgrade -- "scrumping" -- and it might help explain why humans can handle alcohol so well. Researchers discovered that African apes regularly eat overripe, fermented fruit off the forest floor, and this habit may have driven key evolutionary adaptations. By naming and classifying this behavior, scientists are hoping to better understand how alcohol tolerance evolved in our ancestors -- and how it might have helped shape everything from safety in the trees to social drink...

      

      
        Unwanted pregnancies surge with alcohol, but not with cannabis, study finds
        Women who drank heavily, even though they strongly wished to avoid pregnancy, were 50% more likely to become pregnant than those who drank little or not at all, according to new research. Surprisingly, cannabis use didn t show the same risk.

      

      
        4,000-year-old teeth reveal the earliest human high -- Hidden in plaque
        Scientists have discovered the oldest direct evidence of betel nut chewing in Southeast Asia by analyzing 4,000-year-old dental plaque from a burial in Thailand. This breakthrough method reveals invisible traces of ancient plant use, suggesting psychoactive rituals were part of daily life long before written records.

      

      
        Forget the Big Bang: Gravitational waves may have really created the Universe
        A team of scientists has proposed a groundbreaking new theory on the Universe's origins, offering a fresh, radical take on the Big Bang's early moments. Unlike the widely accepted inflationary model, which involves speculative assumptions, the new model starts with the established concept of De Sitter space, aligning with dark energy observations. The scientists believe gravitational waves--ripples in space-time--were the key to seeding the formation of galaxies and cosmic structure, eliminating th...

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

      
        What happens when light smashes into itself? Scientists just found out
        Physicists have discovered that when beams of light interact at the quantum level, they can generate ghost-like particles that briefly emerge from nothing and affect real matter. This rare phenomenon, known as light-on-light scattering, challenges the classical idea that light waves pass through each other untouched.

      

      
        Einstein was wrong: MIT just settled a 100-year quantum debate
        Physicists at MIT recreated the double-slit experiment using individual photons and atoms held in laser light, uncovering the true limits of light's wave-particle duality. Their results proved Einstein's proposal wrong and confirmed a core prediction of quantum mechanics.

      

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

      

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

      

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

      

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

      

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

      

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

      

      
        Ghost particles may secretly decide the fate of collapsing stars
        Neutrinos, ghostly particles barely interacting with matter, may secretly be reshaping the fates of massive stars. New research suggests that as stars collapse, they form natural "neutrino colliders," allowing scientists to probe these elusive particles in ways never possible on Earth. If neutrinos do interact through yet-undiscovered forces, they could cause stars to collapse into black holes instead of neutron stars, reshaping how we understand cosmic evolution.
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Scientists just recreated the Universe's first molecule and solved a 13-billion-year-old puzzle | ScienceDaily
Immediately after the Big Bang, which occurred around 13.8 billion years ago, the universe was dominated by unimaginably high temperatures and densities. However, after just a few seconds, it had cooled down enough for the first elements to form, primarily hydrogen and helium. These were still completely ionized at this point, as it took almost 380,000 years for the temperature in the universe to drop enough for neutral atoms to form through recombination with free electrons. This paved the way for the first chemical reactions.


						
The oldest molecule in existence is the helium hydride ion (HeH+), formed from a neutral helium atom and an ionized hydrogen nucleus. This marks the beginning of a chain reaction that leads to the formation of molecular hydrogen (H2), which is by far the most common molecule in the universe.

Recombination was followed by the 'dark age' of cosmology: although the universe was now transparent due to the binding of free electrons, there were still no light-emitting objects, such as stars. Several hundred million years passed before the first stars formed.

During this early phase of the universe, however, simple molecules such as HeH+ and H2 were essential to the formation of the first stars. In order for the contracting gas cloud of a protostar to collapse to the point where nuclear fusion can begin, heat must be dissipated. This occurs through collisions that excite atoms and molecules, which then emit this energy in the form of photons. Below approximately 10,000 degrees Celsius, however, this process becomes ineffective for the dominant hydrogen atoms. Further cooling can only take place via molecules that can emit additional energy through rotation and vibration. Due to its pronounced dipole moment, the HeH+ ion is particularly effective at these low temperatures and has long been considered a potentially important candidate for cooling in the formation of the first stars. Consequently, the concentration of helium hydride ions in the universe may significantly impact the effectiveness of early star formation.

During this period, collisions with free hydrogen atoms were a major degradation pathway for HeH+, forming a neutral helium atom and an H2+ ion. These subsequently reacted with another H atom to form a neutral H2 molecule and a proton, leading to the formation of molecular hydrogen.

Researchers at the Max-Planck-Institut fur Kernphysik (MPIK) in Heidelberg have now successfully recreated this reaction under conditions similar to those in the early universe for the first time. They investigated the reaction of HeH+ with deuterium, an isotope of hydrogen containing an additional neutron in the atomic nucleus alongside a proton. When HeH+ reacts with deuterium, an HD+ ion is formed instead of H2+, alongside the neutral helium atom.

The experiment was carried out at the Cryogenic Storage Ring (CSR) at the MPIK in Heidelberg -- a globally unique instrument for investigating molecular and atomic reactions under space-like conditions. For this purpose, HeH+ ions were stored in the 35-metre-diameter ion storage ring for up to 60 seconds at a few kelvins (-267 degC), and were superimposed with a beam of neutral deuterium atoms. By adjusting the relative speeds of the two particle beams, the scientists were able to study how the collision rate varies with collision energy, which is directly related to temperature.

They found that, contrary to earlier predictions, the rate at which this reaction proceeds does not slow down with decreasing temperature, but remains almost constant. "Previous theories predicted a significant decrease in the reaction probability at low temperatures, but we were unable to verify this in either the experiment or new theoretical calculations by our colleagues," explains Dr Holger Kreckel from the MPIK. 'The reactions of HeH+ with neutral hydrogen and deuterium therefore appear to have been far more important for chemistry in the early universe than previously assumed,' he continues. This observation is consistent with the findings of a group of theoretical physicists led by Yohann Scribano, who identified an error in the calculation of the potential surface used in all previous calculations for this reaction. The new calculations using the improved potential surface now align closely with the CSR experiment.

Since the concentrations of molecules such as HeH+ and molecular hydrogen (H2 or HD) played an important role in the formation of the first stars, this result brings us closer to solving the mystery of their formation.
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Ultra-hot Jupiter in death spiral may reveal how rocky worlds are born | ScienceDaily
Macquarie University astronomers have tracked an extreme planet's orbital decay, confirming it is spiralling towards its star in a cosmic death dance that could end in three possible ways.


						
The ultra-hot Jupiter exoplanet TOI-2109b, located 870 light-years from Earth, completes an orbit around its star in just 16 hours - making it the closest hot Jupiter ever discovered.

With a mass nearly five times that of Jupiter and almost twice Jupiter's size, TOI-2109b orbits even closer to its star than Mercury does to our Sun.

"Just to put it into context - Mercury's mass is almost 6,000 times smaller than Jupiter, but it still takes 88 days to orbit our Sun. For a huge gas giant such as TOI-2109b to fully orbit in 16 hours - it tells us that this is a planet located super-close to its star," says Dr Jaime A. Alvarado-Montes, a Macquarie Research Fellow who led the international study published on July 15 in The Astrophysical Journal.

By analysing transit timing data from multiple ground-based telescopes, NASA's TESS mission and the European Space Agency's CHEOPS satellite spanning 2010 to 2024, the team detected subtle changes in the planet's orbit.

Both theoretical models and observations independently calculated that the planet's orbital period would decrease by at least 10 seconds over the next three years - confirming the planet may be spiralling towards its star.

The researchers identified three possible fates for TOI-2109b: it could be torn apart by tidal forces, plunge directly into its star, or have its gaseous envelope stripped away by intense radiation, leaving only a rocky core.

"This planet and its interesting situation could help us figure out some mysterious astronomical phenomena that so far we really don't have much evidence to explain," Dr Alvarado-Montes says. "It could tell us the story of many other solar systems."

The findings suggest some rocky planets in other solar systems might be the stripped cores of former gas giants - a possibility that could reshape our understanding of planetary evolution.

With continued monitoring over the next three to five years, astronomers will detect the predicted orbital changes, providing real-time observation of a planetary system in its death throes.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250803011837.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Underground life on Mars? Cosmic rays could make it possible | ScienceDaily
A new study from NYU Abu Dhabi has found that high-energy particles from space, known as cosmic rays, could create the energy needed to support life underground on planets and moons in our solar system.


						
The research shows that cosmic rays may not only be harmless in certain environments but could actually help microscopic life survive. These findings challenge the traditional view that life can only exist near sunlight or volcanic heat. Published in the International Journal of Astrobiology, the study is led by the Principal Investigator of the Space Exploration Laboratory at NYUAD's Center for Astrophysics and Space Science (CASS), Dimitra Atri.

The team focused on what happens when cosmic rays hit water or ice underground. The impact breaks water molecules apart and releases tiny particles called electrons. Some bacteria on Earth can use these electrons for energy, similar to how plants use sunlight. This process is called radiolysis, and it can power life even in dark, cold environments with no sunlight.

Using computer simulations, the researchers studied how much energy this process could produce on Mars and on the icy moons of Jupiter and Saturn. These moons, which are covered in thick layers of ice, are believed to have water hidden below their surfaces. The study found that Saturn's icy moon Enceladus had the most potential to support life in this way, followed by Mars, and then Jupiter's moon Europa.

"This discovery changes the way we think about where life might exist," said Atri. "Instead of looking only for warm planets with sunlight, we can now consider places that are cold and dark, as long as they have some water beneath the surface and are exposed to cosmic rays. Life might be able to survive in more places than we ever imagined."

The study introduces a new idea called the Radiolytic Habitable Zone. Unlike the traditional "Goldilocks Zone" -- the area around a star where a planet could have liquid water on its surface -- this new zone focuses on places where water exists underground and can be energized by cosmic radiation. Since cosmic rays are found throughout space, this could mean there are many more places in the universe where life could exist.

The findings provide new guidance for future space missions. Instead of only looking for signs of life on the surface, scientists might also explore underground environments on Mars and the icy moons, using tools that can detect chemical energy created by cosmic radiation.

This research opens up exciting new possibilities in the search for life beyond Earth and suggests that even the darkest, coldest places in the solar system could have the right conditions for life to survive.
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Your nature photo might be a scientific breakthrough in disguise | ScienceDaily
A frog croaks from a walking trail. A hiker snaps a photo and uploads it to iNaturalist. That single act -- one person, one amphibian and one click -- feeds into a growing global dataset that scientists now use to map shifting species ranges, detect invasive threats and even discover new species.


						
An international study led by researchers at the University of Florida Institute of Food and Agricultural Sciences (UF/IFAS) shows how iNaturalist, the global technology platform through which everyday people share wildlife photos via a website and an app, is doing far more than connecting users with nature. It's rapidly becoming a cornerstone of scientific research.

"The scientific use of iNaturalist has grown tenfold in five years, closely tracking the platform's data growth," said Brittany Mason, lead author and data management analyst at the UF/IFAS Fort Lauderdale Research and Education Center (FLREC). "This suggests that increasing observations, especially in less-documented geographic areas and lesser-studied species groups, can further expand its research applications."

"Until now, the scientific value of iNaturalist has been recognized in isolated case studies, like how a user rediscovered a century-lost Vietnamese snail, how the data are used to provide high-resolution maps of plants or how iNaturalist is becoming critical for early detection of invasive species," said Corey Callaghan, senior author of the study, and an assistant professor of global ecology at FLREC.

Those examples remained somewhat isolated until now.

"This study is the first to systematically assess the full scope of how iNaturalist data are being used in research," said Mason.

To do this, the research team assessed how technology is being used and which geographic areas and scientific questions the data are being used for. The findings

emphasize how platforms like iNaturalist allow anybody armed with a smart phone to gather data and help scientists.




"Millions of people are now directly shaping how we understand and conserve biodiversity," said Callaghan. The study reveals several trends in shaping and enhancing the future of biodiversity science.

First, the dominant use of iNaturalist in species distribution modeling and range mapping points to the platform's utility in tracking how organisms are spread across the planet. Second, the use of images uploaded to iNaturalist is on the rise in scientific research, providing new insights into species behavior, coloration and habitat preferences. Third, the exponential rise in scholarly articles using iNaturalist data suggests that as participation grows -- particularly in underrepresented regions and among lesser-studied species groups -- so, too, will its impact on science.

Launched in 2008, the platform is a non-profit organization and allows users to upload photographs or audio recordings of plants, animals, fungi, and other organisms, along with data on time and place.

A community of contributors vet observations, and those verified as "Research Grade" are shared with the Global Biodiversity Information Facility, an international database working as a clearinghouse for all biodiversity records.

The study shows that everyday people contributing their observations through iNaturalist are making meaningful contributions to scientific knowledge. "Millions of people are helping scientists track biodiversity in ways that would be impossible through traditional scientific fieldwork alone." said Carrie Seltzer, the iNaturalist head of engagement, who was not associated with the study.

Those meaningful contributions come from 128 countries and 638 groups of species, illustrating the truly global impact on biodiversity research. Research topics range from conservation planning and habitat modeling to education, machine learning and species discovery. Authors also noted the platform is also being used by conservation agencies like the International Union for Conservation of Nature to assess the status of threatened species and track the spread of invasive organisms.

"By contributing observations and identifications, everyday citizens become key players in tackling one of the planet's most pressing challenges: biodiversity loss," said Callaghan. "Now, an important frontier remains to really understand how iNaturalist data can be strategically paired with other biodiversity data to continue to inform biodiversity and conservation work in the future."

The study, published in BioScience, involved researchers from 15 institutions across the United States, Australia, Belgium, the Czech Republic, Germany and South Korea. Contributing institutions include the University of Florida, UNSW Sydney, Meise Botanic Garden, Czech University of Life Sciences Prague, the University of Munster and Changwon National University, among others.
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Scientists unveil bioplastic that degrades at room temperature, and outperforms petroplastics | ScienceDaily
Society has long struggled with petroleum-derived plastic pollution, and awareness of microplastics' detrimental effects on food and water supplies adds further pressure.


						
In response, researchers have been developing biodegradable versions of traditional plastics, or "bioplastics." However, current bioplastics face challenges as well: Current versions are not as strong as petrochemical-based plastics and they only degrade through a high-temperature composting system.

Enter researchers at Washington University in St. Louis, who have solved both problems with inspiration from the humble leaf. Long before plastic, humans wrapped their food in leaves, which easily biodegrade due to an underlying structure of cellulose-rich cell walls. WashU's chemical engineers decided to introduce cellulose nanofibers to the design of bioplastics.

"We created this multilayer structure where cellulose is in the middle and the bioplastics are on two sides," said Joshua Yuan, the Lucy and Stanley Lopata Professor and chair of energy, environmental and chemical engineering at the McKelvey School of Engineering. Yuan is also director for the National Science Foundation-funded Carbon Utilization Redesign for Biomanufacturing (CURB) Engineering Research Center. "In this way, we created a material that is very strong and that offers multifunctionality," he added.

The technology emerged from working with two of the highest production bioplastics today. In a study published in Green Chemistry earlier this year, Yuan and colleagues used a variation of their leaf-inspired cellulose nanofiber structure to improve the strength and biodegradability of polyhydroxybutrate (PHB), a starch-derived plastic; they further refined their technique for polylactic acid (PLA), as detailed in a new paper just published in Nature Communications.

The plastic packaging market is a $23.5 billion industry dominated by polyethylene and polypropylene, polymers made from petroleum that break down into harmful microplastics. The researchers' optimized bioplastic, called Layered, Ecological, Advanced and multi-Functional Film (LEAFF), turned PLA into a packaging material that is biodegradable at room temperature. Additionally, the structure allows for other critical properties, such as low air or water permeability, helping keep food stable, and a surface that is printable. This improves bioplastics' affordability since it saves manufacturers from printing separate labels for packaging.

"On top of all of this, the LEAFF's underlying cellulose structure gives it a higher tensile strength than even petrochemical plastics like polyethylene and polypropylene," explained Puneet Dhatt, a PhD student in Yuan's lab and first author on the article.




The innovation was in adding that cellulosic structure that WashU's engineers replicated, cellulose fibrils embedded within the bioplastics.

"This unique biomimicking design allows us to address the limitations of bioplastic usage and overcome that technical barrier and allow for broader bioplastic utilization," Yuan said.

Circular economy ready

The United States is uniquely positioned to dominate the bioplastics market and establish a "circular economy" wherein waste products are reused, fed back into systems instead of left to pollute the air and water or sit in landfills.

Yuan hopes this technology can scale up soon and seeks commercial and philanthropic partners to help bring these improved processes to industry. Competitors from Asian and European research institutions also are working to develop similar technology. But U.S. industries have an advantage due to the country's vast agriculture system -- and WashU is near the center of the nation's agrichemical industry.

"The U.S. is particularly strong in agriculture," Yuan said. "We can provide the feedstock for bioplastic production at a lower price compared to other parts of the world."

The "feedstock" Yuan is referring to are chemicals such as lactic acid, acetate or fatty acids like oleate, products of corn or starch fermentation by microbes that serve as bioplastic factories.




Pseudomonas putida, for instance is a microbial strain widely used in the fermentation industry, including to produce a variety of polyhydroxyalkanoates (PHA), including PHB.

McKelvey Engineering researchers have designed ways to convert various wastes, including carbon dioxide, lignin and food waste, into bioplastics using strains such as P. putida. With improved bioplastic design, Yuan's research further fills in that loop, with a version of PHB and PLA that could be produced much more efficiently and degrade safely into the environment.

"The United States has a waste problem, and circular reuse could go a long way to turning that waste into useful materials," Yuan said. "If we can ramp up our bioplastic supply chain, it would create jobs and new markets," he said.

The study "Biomimetic layered, ecological, advanced, multi-functional film for sustainable packaging" was supported by NSF EEC 2330245, NSF MCB 2229160, and U.S. Department of Energy BETO (Bioenergy Technologies Office) Projects.

The study "Integrated design of multifunctional reinforced bioplastics (MReB) to synergistically enhance strength, degradability, and functionality" was supported by NSF MCB 2229160, and U.S. Department of Energy BETO (Bioenergy Technologies Office) projects including EE 0007104, DE EE 0008250, and others.
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Astronomers detect life's building blocks around a young star | ScienceDaily
Using the Atacama Large Millimeter/submillimeter Array (ALMA), a team of astronomers led by Abubakar Fadul from the Max Planck Institute for Astronomy (MPIA) has discovered complex organic molecules - including the first tentative detection of ethylene glycol and glycolonitrile - in the protoplanetary disc of the outbursting protostar V883 Orionis. These compounds are considered precursors to the building blocks of life. Comparing different cosmic environments reveals that the abundance and complexity of such molecules increase from star-forming regions to fully evolved planetary systems. This suggests that the seeds of life are assembled in space and are widespread. The findings were published in the Astrophysical Journal Letters today.


						
Astronomers have discovered complex organic molecules (COMs) in various locations associated with planet and star formation before. COMs are molecules with more than five atoms, at least one of which is carbon. Many of them are considered building blocks of life, such as amino acids and nucleic acids or their precursors. The discovery of 17 COMs in the protoplanetary disc of V883 Orionis, including ethylene glycol and glycolonitrile, provides a long-sought puzzle piece in the evolution of such molecules between the stages preceding and following the formation of stars and their planet-forming discs. Glycolonitrile is a precursor of the amino acids glycine and alanine, as well as the nucleobase adenine.

The assembly of prebiotic molecules begins in interstellar space

"Our finding points to a straight line of chemical enrichment and increasing complexity between interstellar clouds and fully evolved planetary systems," said Abubakar Fadul, MPIA

The transition from a cold protostar to a young star surrounded by a disc of dust and gas is accompanied by a violent phase of shocked gas, intense radiation and rapid gas ejection.

Such energetic processes might destroy most of the complex chemistry assembled during the previous stages. Therefore, scientists had laid out a so-called 'reset' scenario, in which most of the chemical compounds required to evolve into life would have to be reproduced in circumstellar discs while forming comets, asteroids, and planets.

"Now it appears the opposite is true," MPIA scientist and co-author Kamber Schwarz points out. "Our results suggest that protoplanetary discs inherit complex molecules from earlier stages, and the formation of complex molecules can continue during the protoplanetary disc stage." Indeed, the period between the energetic protostellar phase and the establishment of a protoplanetary disk would, on its own, be too short for COMs to form in detectable amounts.




As a result, the conditions that predefine biological processes may be widespread rather than being restricted to individual planetary systems.

Astronomers have found the simplest organic molecules, such as methanol, in dense regions of dust and gas that predate the formation of stars. Under favourable conditions, they may even contain complex compounds comprising ethylene glycol, one of the species now discovered in V883 Orionis. "We recently found ethylene glycol could form by UV irradiation of ethanolamine, a molecule that was recently discovered in space," adds Tushar Suhasaria, a co-author and the head of MPIA's Origins of Life Lab. "This finding supports the idea that ethylene glycol could form in those environments but also in later stages of molecular evolution, where UV irradiation is dominant."

More evolved agents crucial to biology, such as amino acids, sugars, and nucleobases that make up DNA and RNA, are present in asteroids, meteorites, and comets within the Solar System.

Buried in ice - resurfaced by stars

The chemical reactions that synthesize those COMs occur under cold conditions, preferably on icy dust grains that later coagulate to form larger objects. Hidden in those mixtures of rock, dust, and ice, they usually remain undetected. Accessing those molecules is only possible either by digging for them with space probes or by external heating, which evaporates the ice.

In the Solar System, the Sun heats comets, resulting in impressive tails of gas and dust, or comas, essentially gaseous envelopes that surround the cometary nuclei. This way, spectroscopy - the rainbow-like dissection of light - may pick up the emissions of freed molecules. Those spectral fingerprints help astronomers to identify the molecules previously buried in ice.




A similar heating process is occurring in the V883 Orionis system. The central star is still growing by accumulating gas from the surrounding disc until it eventually ignites the fusion fire in its core. During those growth periods, the infalling gas heats up and produces intense outbursts of radiation. "These outbursts are strong enough to heat the surrounding disc as far as otherwise icy environments, releasing the chemicals we have detected," explains Fadul.

"Complex molecules, including ethylene glycol and glycolonitrile, radiate at radio frequencies. ALMA is perfectly suited to detect those signals," says Schwarz. The MPIA astronomers were awarded access to this radio interferometer through the European Southern Observatory (ESO), which operates it in the Chilean Atacama Desert at an altitude of 5,000 metres. ALMA enabled the astronomers to pinpoint the V883 Orionis system and search for faint spectral signatures, which ultimately led to the detections.

Further challenges ahead

"While this result is exciting, we still haven't disentangled all the signatures we found in our spectra," says Schwarz. "Higher resolution data will confirm the detections of ethylene glycol and glycolonitril and maybe even reveal more complex chemicals we simply haven't identified yet."

"Perhaps we also need to look at other regions of the electromagnetic spectrum to find even more evolved molecules," Fadul points out. "Who knows what else we might discover?"

Additional information

The MPIA team involved in this study comprised Abubakar Fadul, Kamber Schwarz, and Tushar Suhasaria.

Other researchers were Jenny K. Calahan (Center for Astrophysics -- Harvard & Smithsonian, Cambridge, USA), Jane Huang (Department of Astronomy, Columbia University, New York, USA), and Merel L. R. van 't Hoff (Department of Physics and Astronomy, Purdue University, West Lafayette, USA).

The Atacama Large Millimeter/submillimeter Array (ALMA), an international astronomy facility, is a partnership of the European Southern Observatory (ESO), the U.S. National Science Foundation (NSF) and the National Institutes of Natural Sciences (NINS) of Japan in cooperation with the Republic of Chile. ALMA is funded by ESO on behalf of its Member States, by NSF in cooperation with the National Research Council of Canada (NRC) and the National Science and Technology Council (NSTC) in Taiwan and by NINS in cooperation with the Academia Sinica (AS) in Taiwan and the Korea Astronomy and Space Science Institute (KASI). ALMA construction and operations are led by ESO on behalf of its Member States; by the National Radio Astronomy Observatory (NRAO), managed by Associated Universities, Inc. (AUI), on behalf of North America; and by the National Astronomical Observatory of Japan (NAOJ) on behalf of East Asia. The Joint ALMA Observatory (JAO) provides the unified leadership and management of the construction, commissioning, and operation of ALMA.
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Ghost star's planet orbits backward in a bizarre stellar system | ScienceDaily
Most stars in the Universe exist in binary or multiple star systems, where the presence of close-in companion stars in such systems can adversely influence the formation and orbital stability of planets around one of the stars. An international team of astrophysicists led by Professor Man Hoi LEE from the Department of Earth Sciences and the Department of Physics at The University of Hong Kong (HKU) and Mr Ho Wan Cheng, an MPhil student in his team, has confirmed the existence of a planet in an unprecedented retrograde orbit (moving in the opposite direction to the binary's orbit) in the nu Octantis (nu Octantis) binary star system and revealed the role of binary star evolution in the origin of this planet. The findings have been published in the journal Nature.


						
nu Octantis is a tight binary star system comprising a primary subgiant star, nu Oct A, with about 1.6 times the mass of the Sun, and a secondary star, nu Oct B, with about half the mass of the Sun. The two stars orbit each other with a period of 1,050 days.

An additional periodic signal in the radial velocity observations (measurements of how a star moves towards or away from us) of this system was first reported by Dr David Ramm, a co-author of this new paper, during his PhD studies at the University of Canterbury, New Zealand, in 2004. This signal was consistent with the presence of a Jovian planet of about twice the mass of Jupiter orbiting around the primary star, nu Oct A, with a period of about 400 days. However, the existence of this planet has been controversial because its orbit would be so wide that it could only remain stable if it were retrograde and moved in the opposite direction to the orbit of the binary. There were no observational precedents for such a planet and strong theoretical grounds against its formation.

To settle the debate, the research team obtained new high-precision radial velocity observations using the European Southern Observatory (ESO)'s HARPS spectrograph, which confirmed the existence of the planet signal. "We performed an analysis of the new and archival radial velocity data spanning 18 years and found stable fits that require the planetary orbit to be retrograde and nearly in the same plane as the binary orbit," said Mr Ho Wan Cheng, the first author of the paper.

Another key focus of the new study was the determination of the nature of the secondary star nu Oct B. The mass of nu Oct B suggests that it could be either a low-mass main-sequence star or a white dwarf. All stars spend most of their lives on the main sequence, generating energy through nuclear fusion of hydrogen to helium in their core. After a star has exhausted its nuclear fuel, its core collapses into a stellar remnant, which would be a white dwarf if the star's initial mass is less than several times that of the Sun. A white dwarf has a mass comparable to that of the Sun packed in an Earth-sized volume.

To identify which type of star nu Oct B is, the research team used the adaptive optics imaging instrument SPHERE at ESO's Very Large Telescope to observe the system. The fact that nu Oct B was not detected in these observations indicated that it must be a very faint white dwarf. This suggests that the binary system has evolved significantly since its formation, as nu Oct B has already ejected most of its mass and entered the final stage of its stellar evolution.

The research team looked into the possible primordial configurations of the binary -- that is, the initial masses of the two stars and the initial orbit of the binary. "We found that the system is about 2.9 billion years old and that nu Oct B was initially about 2.4 times the mass of the Sun and evolved to a white dwarf about 2 billion years ago," said Cheng. "Our analysis showed that the planet could not have formed around nu Oct A at the same time as the stars."

The discovery that nu Oct B is a white dwarf opens new possibilities for how the retrograde planet may have originated. "When nu Oct B evolved into a white dwarf about 2 billion years ago, the planet could have formed in a retrograde disc of material around nu Oct A accreted from the mass ejected by nu Oct B, or it could be captured from a prograde orbit around the binary into a retrograde orbit around nu Oct A," explained Professor Man Hoi LEE.

"We might be witnessing the first compelling case of a second-generation planet; either captured, or formed from material expelled by nu Oct B, which lost more than 75% of its primordial mass to become a white dwarf," added Dr Trifon TRIFONOV of Zentrum fur Astronomie der Universitat Heidelberg in Germany and Sofia University St. Kliment Ohridski in Bulgaria and a co-author of the paper.

"The key to this exciting discovery was the use of several complementary methods to characterise the system in its entirety," said PD Dr Sabine REFFERT of Zentrum fur Astronomie der Universitat Heidelberg and another co-author of the paper.

As astronomers continue to search for planets in different environments, this study highlights that planets in tight binary systems with evolved stellar components could offer unique insights into the formation and evolution of planets.

This research uses two facilities operated by the European Southern Observatory (ESO), namely the High Accuracy Radial Velocity Planet Searcher (HARPS) spectrograph at the ESO La Silla 3.6-metre telescope and the Spectro-Polarimetric High-contrast Exoplanet Research (SPHERE) instrument at the Very Large Telescope.
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NASA's Parker Solar Probe finds hidden barrier that explains the sun's mysterious heat | ScienceDaily
The solar atmosphere, or corona, is far hotter than the Sun's surface, a paradox that has puzzled scientists for decades. Furthermore, the constant outflow of plasma and magnetic fields from the Sun, known as the solar wind, is accelerated to incredible speeds. Turbulent dissipation - the process by which mechanical energy is converted into heat - is believed to play a crucial role in both these phenomena. However, in the near-Sun environment, where plasma is largely collisionless, the exact mechanisms of this dissipation have remained elusive.


						
This new study leverages data from NASA's Parker Solar Probe, which has become the closest spacecraft to the Sun, flying directly through the solar atmosphere. This unprecedented proximity allowed researchers to directly explore this extreme environment for the first time, providing critical data to unravel these mysteries.

The paper presents compelling evidence that the "helicity barrier" is active and profoundly alters the nature of turbulent dissipation. This effect, previously theorized, creates a barrier to the turbulent cascade of energy at small scales, fundamentally changing how fluctuations dissipate and thus how the plasma is heated.

Jack McIntyre, PhD student and the lead author of the study from Queen Mary University of London, commented: "This result is exciting because, by confirming the presence of the 'helicity barrier', we can account for properties of the solar wind that were previously unexplained, including that its protons are typically hotter than its electrons. By improving our understanding of turbulent dissipation, it could also have important implications for other systems in astrophysics."

The research team also identified the specific conditions under which this barrier occurs. They found that the helicity barrier becomes fully developed when the magnetic field strength becomes large compared to the pressure in the plasma and becomes increasingly prominent when the imbalance between the oppositely propagating plasma waves that make up the turbulence is greater. Critically, these conditions are frequently met in the solar wind close to the Sun, where Parker Solar Probe is now exploring, meaning that this effect should be widespread.

Dr Christopher Chen, Reader in Space Plasma Physics at Queen Mary University of London and McIntyre's supervisor, added: "This paper is important as it provides clear evidence for the presence of the helicity barrier, which answers some long-standing questions about coronal heating and solar wind acceleration, such as the temperature signatures seen in the solar atmosphere, and the variability of different solar wind streams. This allows us to better understand the fundamental physics of turbulent dissipation, the connection between small-scale physics and the global properties of the heliosphere, and make better predictions for space weather."

The implications of this discovery extend beyond our own star, as many hot, diffuse astrophysical plasmas in the universe are also collisionless. Understanding how energy dissipates into heat in these environments has broad consequences for astrophysics. The direct observation of the helicity barrier in the solar wind provides a unique natural laboratory to study these complex processes.
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700,000 years ahead of their teeth: The carbs that made us human | ScienceDaily
As early humans spread from lush African forests into grasslands, their need for ready sources of energy led them to develop a taste for grassy plants, especially grains and the starchy plant tissue hidden underground.


						
But a new Dartmouth-led study shows that hominins began feasting on these carbohydrate-rich foods before they had the ideal teeth to do so. The study provides the first evidence from the human fossil record of behavioral drive, wherein behaviors beneficial for survival emerge before the physical adaptations that make it easier, the researchers report in Science.

The study authors analyzed fossilized hominin teeth for carbon and oxygen isotopes left behind from eating plants known as graminoids, which includes grasses and sedges. They found that ancient humans gravitated toward consuming these plants far earlier than their teeth evolved to chew them efficiently. It was not until 700,000 years later that evolution finally caught up in the form of longer molars like those that let modern humans easily chew tough plant fibers.

The findings suggest that the success of early humans stemmed from their ability to adapt to new environments despite their physical limitations, says Luke Fannin, a postdoctoral researcher at Dartmouth and lead author of the study.

"We can definitively say that hominins were quite flexible when it came to behavior and this was their advantage," Fannin says. "As anthropologists, we talk about behavioral and morphological change as evolving in lockstep. But we found that behavior could be a force of evolution in its own right, with major repercussions for the morphological and dietary trajectory of hominins."

Nathaniel Dominy, the Charles Hansen Professor of Anthropology at Dartmouth and senior author of the study, says isotope analysis overcomes the enduring challenge of identifying the factors that caused the emergence of new behaviors -- behavior doesn't fossilize.

"Anthropologists often assume behaviors on the basis of morphological traits, but these traits can take a long time -- a half-million years or more--to appear in the fossil record," Dominy says.




"But these chemical signatures are an unmistakable remnant of grass-eating that is independent of morphology," he says. "They show a significant lag between this novel feeding behavior and the need for longer molar teeth to meet the physical challenge of chewing and digesting tough plant tissues."

The team analyzed the teeth of various hominin species, beginning with the distant human relative Australopithecus afarensis, to track how the consumption of different parts of graminoids progressed over millennia. For comparison, they also analyzed the fossilized teeth of two extinct primate species that lived around the same time -- giant terrestrial baboon-like monkeys called theropiths and small leaf-eating monkeys called colobines.

All three species veered away from fruits, flowers, and insects toward grasses and sedges between 3.4 million to 4.8 million years ago, the researchers report. This was despite lacking the teeth and digestive systems optimal for eating these tougher plants.

Hominins and the two primates exhibited similar plant diets until 2.3 million years ago when carbon and oxygen isotopes in hominin teeth changed abruptly, the study found. This plummet in both isotope ratios suggests that the human ancestor at the time, Homo rudolfensis, cut back on grasses and consumed more oxygen-depleted water.

The researchers lay out three possible explanations for this spike, including that these hominins drank far more water than other primates and savanna animals, or that they suddenly adopted a hippopotamus-like lifestyle of being submerged in water all day and eating at night.

The explanation most consistent with what's known about early-human behavior, they report, is that later hominins gained regular access to underground plant organs known as tubers, bulbs, and corms. Oxygen-depleted water also is found in these bulging appendages that many graminoids use for storing large amounts of carbohydrates safely away from plant-eating animals.




The transition from grasses to these high-energy plant tissues would make sense for a species growing in population and physical size, Fannin says. These underground caches were plentiful, less risky than hunting, and provided more nutrients for early humans' expanding brains. Having already adopted stone tools, ancient humans could dig up tubers, bulbs, and corms while facing little competition from other animals.

"We propose that this shift to underground foods was a signal moment in our evolution," Fannin says. "It created a glut of carbs that were perennial -- our ancestors could access them at any time of year to feed themselves and other people."

Measurements of hominin teeth showed that while they became consistently smaller -- shrinking about 5% every 1,000 years -- molars grew longer, the researchers report. Hominins' dietary shift toward graminoids outpaced that physical change for most of their history.

But the study found that the ratio flipped about 2 million years ago with Homo habilis and Homo ergaster, whose teeth exhibited a spurt of change in shape and size more suited to eating cooked tissues, such as roasted tubers.

Graminoids are ubiquitous across many ecosystems. Wherever they were, hominins would have been able to maximize the nutrients derived from these plants as their teeth became more efficient at breaking them down, Dominy says.

"One of the burning questions in anthropology is what did hominins do differently that other primates didn't do? This work shows that the ability to exploit grass tissues may be our secret sauce," Dominy says.

"Even now, our global economy turns on a few species of grass--rice, wheat, corn, and barley," he says. "Our ancestors did something completely unexpected that changed the game for the history of species on Earth."
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Scientists just solved the 9-million-year mystery of where potatoes came from | ScienceDaily
An international research team has uncovered that natural interbreeding in the wild between tomato plants and potato-like species from South America about 9 million years ago gave rise to the modern-day potato.


						
In a study publishing in the Cell Press journal Cell, researchers suggest this ancient evolutionary event triggered the formation of the tuber, the enlarged underground structure that stores nutrients found in plants like potatoes, yams, and taros.

"Our findings show how a hybridization event between species can spark the evolution of new traits, allowing even more species to emerge," says corresponding author Sanwen Huang of the Chinese Academy of Agricultural Sciences, China. "We've finally solved the mystery of where potatoes came from."

As one of the world's most important crops, the potato's origin had long puzzled scientists. In appearance, modern potato plants are almost identical to three potato-like species from Chile called Etuberosum. But these plants do not carry tubers. Based on phylogenetic analysis, potato plants are more closely related to tomatoes.

To solve this contradiction, the research team analyzed 450 genomes from cultivated potatoes and 56 of the wild potato species.

"Wild potatoes are very difficult to sample, so this dataset represents the most comprehensive collection of wild potato genomic data ever analyzed," says the paper's first author Zhiyang Zhang of the Agricultural Genomics Institute at Shenzhen, Chinese Academy of Agricultural Sciences.

They found that every potato species contained a stable, balanced mix of genetic material from both Etuberosum and tomato plants, suggesting that potatoes originated from an ancient hybridization between the two.




While Etuberosum and tomatoes are distinct species, they shared a common ancestor about 14 million years ago. Even after diverging for about 5 million years, they were able to interbreed and gave rise to the earliest potato plants with tubers around 9 million years ago.

The team also traced the origins of the potato's key tuber-forming genes, which are a combination of genetic material from each parent. They found the SP6A gene, which acts like a master switch that tells the plant when to start making tubers, came from the tomato side of the family. Another important gene called IT1, which helps control growth of the underground stems that form tubers, came from the Etuberosum side. Without either piece, the hybrid offspring would be incapable of producing tubers.

This evolutionary innovation coincided with the rapid uplift of the Andes mountains, a period when new ecological environments were emerging. With a tuber to store nutrients underground, early potatoes were able to quickly adapt to the changing environment, surviving harsh weather in the mountains.

Tubers also allow potato plants to reproduce without seeds or pollination. They grow new plants by simply sprouting from buds on the tuber. This trait allowed them to rapidly expand and fill diverse ecological niches from mild grasslands to high and cold alpine meadows in Central and South America.

"Evolving a tuber gave potatoes a huge advantage in harsh environments, fueling an explosion of new species and contributing to the rich diversity of potatoes we see and rely on today," Huang said.
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Scientists finally solve the mystery of what triggers lightning | ScienceDaily
Though scientists have long understood how lightning strikes, the precise atmospheric events that trigger it within thunderclouds remained a perplexing mystery. The mystery may be solved, thanks to a team of researchers led by Victor Pasko, professor of electrical engineering in the Penn State School of Electrical Engineering and Computer Science, that has revealed the powerful chain reaction that triggers lightning.


						
In the study published on July 28 in the Journal of Geophysical Research, the authors described how they determined strong electric fields in thunderclouds accelerate electrons that crash into molecules like nitrogen and oxygen, producing X-rays and initiating a deluge of additional electrons and high-energy photons -- the perfect storm from which lightning bolts are born.

"Our findings provide the first precise, quantitative explanation for how lightning initiates in nature," Pasko said. "It connects the dots between X-rays, electric fields and the physics of electron avalanches."

The team used mathematical modeling to confirm and explain field observations of photoelectric phenomena in Earth's atmosphere -- when relativistic energy electrons, which are seeded by cosmic rays entering the atmosphere from outer space, multiply in thunderstorm electric fields and emit brief high-energy photon bursts. This phenomenon, known as a terrestrial gamma-ray flash, comprises the invisible, naturally occurring bursts of X-rays and accompanying radio emissions.

"By simulating conditions with our model that replicated the conditions observed in the field, we offered a complete explanation for the X-rays and radio emissions that are present within thunderclouds," Pasko said. "We demonstrated how electrons, accelerated by strong electric fields in thunderclouds, produce X-rays as they collide with air molecules like nitrogen and oxygen, and create an avalanche of electrons that produce high-energy photons that initiate lightning."

Zaid Pervez, a doctoral student in electrical engineering, used the model to match field observations -- collected by other research groups using ground-based sensors, satellites and high-altitude spy planes -- to the conditions in the simulated thunderclouds.

"We explained how photoelectric events occur, what conditions need to be in thunderclouds to initiate the cascade of electrons, and what is causing the wide variety of radio signals that we observe in clouds all prior to a lightning strike," Pervez said. "To confirm our explanation on lightning initiation, I compared our results to previous modeling, observation studies and my own work on a type of lightning called compact intercloud discharges, which usually occur in small, localized regions in thunderclouds."

Published by Pasko and his collaborators in 2023, the model, Photoelectric Feedback Discharge, simulates physical conditions in which a lightning bolt is likely to originate. The equations used to create the model are available in the paper for other researchers to use in their own work.




In addition to uncovering lightning initiation, the researchers explained why terrestrial gamma-ray flashes are often produced without flashes of light and radio bursts, which are familiar signatures of lightning during stormy weather.

"In our modeling, the high-energy X-rays produced by relativistic electron avalanches generate new seed electrons driven by the photoelectric effect in air, rapidly amplifying these avalanches," Pasko said. "In addition to being produced in very compact volumes, this runaway chain reaction can occur with highly variable strength, often leading to detectable levels of X-rays, while accompanied by very weak optical and radio emissions. This explains why these gamma-ray flashes can emerge from source regions that appear optically dim and radio silent."

In addition to Pasko and Pervez, the co-authors include Sebastien Celestin, professor of physics at the University of Orleans, France; Anne Bourdon, director of research at Ecole Polytechnique, France; Reza Janalizadeh, ionosphere scientist at NASA Goddard Space Flight Center and former postdoctoral scholar under Pasko at Penn State; Jaroslav Jansky, assistant professor of electrical engineering and communication at Brno University of Technology, Czech Republic; and Pierre Gourbin, postdoctoral scholar of astrophysics and atmospheric physics at the Technical University of Denmark.

The U.S. National Science Foundation, the Centre National d'Etudes Spatiales (CNES), the Institut Universitaire de France and the Ministry of Defense of the Czech Republic supported this research.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250801021015.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



515-mile lightning flash caught from space | ScienceDaily
It was a single lightning flash that streaked across the Great Plains for 515 miles, from eastern Texas nearly all the way to Kansas City, setting a new world record.


						
"We call it megaflash lightning and we're just now figuring out the mechanics of how and why it occurs," said Randy Cerveny, an Arizona State University President's Professor in the School of Geographical Sciences and Urban Planning.

Cerveny and colleagues used space-based instruments to measure the megaflash, which took place during a major thunderstorm in October 2017. Its astonishing horizontal reach surpasses by 38 miles the previous record of 477 miles recorded during an April 2020 storm in the southern U.S. The new record-setter went unnoticed until a re-examination of satellite observations from the 2017 storm.

"It is likely that even greater extremes still exist, and that we will be able to observe them as additional high-quality lightning measurements accumulate over time," said Cerveny, who serves as rapporteur of weather and climate extremes for the World Meteorological Organization, the weather agency of the United Nations.

For years, lightning detection and measurement relied on ground-based networks of antennas that detect the radio signals emitted by lightning and then estimate location and travel speed based on the time it takes signals to reach other antenna stations in the network.

Satellite-borne lightning detectors in orbit since 2017 have made it possible to continuously detect lightning and measure it accurately at continental-scale distances.

"Our weather satellites carry very exacting lightning detection equipment that we can use document to the millisecond when a lightning flash starts and how far it travels," Cerveny said.




Parked in geostationary orbit, the National Oceanic and Atmospheric Agency's GOES-16 satellite detects around one million lightning flashes per day. It is the first of four NOAA satellites equipped with geostationary lightning mappers, joined by similar satellites launched by Europe and China.

"Adding continuous measurements from geostationary orbit was a major advance," said Michael Peterson at the Georgia Tech Research Institute. "We are now at a point where most of the global megaflash hotspots are covered by a geostationary satellite, and data processing techniques have improved to properly represent flashes in the vast quantity of observational data at all scales." Peterson is first author of a report in the Bulletin of the American Meteorological Society documenting the new lightning record.

Most lightning flashes are limited to less than 10 miles in reach. When a lightning bolt reaches beyond 60 miles (100 kilometers to be exact), it's considered a megaflash. Less than 1 percent of thunderstorms produce megaflash lightning, according to satellite observations analyzed by Peterson. They arise from storms that are long-lived, typically brewing for 14 hours or more, and massive in size, covering an area comparable in square miles to the state of New Jersey. The average megaflash shoots off five to seven ground-striking branches from its horizontal path across the sky.

While megaflashes that extend hundreds of miles are rare, it's not at all unusual for lightning to strike 10 or 15 miles from its storm-cloud origin, Cerveny said. And that adds to the danger. Cerveny said people don't realize how far lightning can reach from its parent thunderstorm.

Lightning kills 20 to 30 people each year in the U.S. and injures hundreds more. Most lightning strike injuries occur before and after the thunderstorm has peaked, not at the height of the storm.

"That's why you should wait at least a half an hour after a thunderstorm passes before you go out and resume normal activities," Cerveny said. "The storm that produces a lightning strike doesn't have to be over the top of you."
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Black holes don't just swallow light, they sing. And we just learned the tune | ScienceDaily
Black holes embody the ultimate abyss. They are the most powerful sources of gravity in the universe, capable of dramatically distorting space and time around them. When disturbed, they begin to "ring" in a distinctive pattern known as quasinormal modes: ripples in space-time that produce detectable gravitational waves.


						
In events like black hole mergers, these waves can be strong enough to detect from Earth, offering a unique opportunity to measure a black hole's mass and shape. However, precise calculation of these vibrations through theoretical methods has proven a major challenge, particularly for vibrations that are rapidly weakening.

This inspired a team of researchers at Kyoto University to try a new method of calculating the vibrations of black holes. The scientists applied a mathematical technique called the exact Wentzel-Kramers-Brillouin, orexact WKB analysisto carefully trace the behavior of waves from a black hole out into distant space. While this method has long been studied in mathematics, its application to physics -- especially to black holes -- is still a newly developing area.

"The foundations of the exact WKB methodwere largely developed by Japanese mathematicians. As a researcher from Japan, I have always found this field intellectually and culturally familiar," says corresponding author Taiga Miyachi.

This method allowed the research team to follow wave patterns in great detail, even in regions that are difficult to analyze with other existing methods. Their approach involved examining space near the black hole by extending it into the complex number domain, revealing a rich structure of the black hole's geometry.

This included a mathematical phenomenon called Stokes curves, which designate where the nature of a wave suddenly changes. While previous studies have often overlooked the infinitely spiraling Stokes curves and paths that branch off from black holes, the research team incorporated these complex features into their analysis.

The findings revealed that the team had succeeded in developing a method that systematically and precisely captures the frequency structure of rapidly weakening vibrations. This demonstrates the power of the exact WKB method as a practical tool for bridging theoretical predictions with observational data.

"We were surprised at how complex and beautiful the underlying structure of these vibrations turned out to be. We found spiraling patterns in our mathematical analysis that had been missed before, and these turned out to be key in understanding the full picture of quasinormal modes," says Miyachi.

This study makes it possible to analyze the "ringing sounds" of black holes across a wide range of theoretical models. Ultimately, this may help improve the precision of future gravitational wave observations and lead to a deeper, more reliable understanding of the true nature of our Universe and its geometry.

Looking ahead, the research team plans to extend their approach to rotating black holes and to explore the application of exact WKB analysis in studies related to quantum gravity effects.
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Rutgers physicists just discovered a strange new state of matter | ScienceDaily
Scientists have discovered a new way that matter can exist - one that is different from the usual states of solid, liquid, gas or plasma - at the interface of two exotic, materials made into a sandwich.


						
The new quantum state, called quantum liquid crystal, appears to follow its own rules and offers characteristics that could pave the way for advanced technological applications, the scientists said.

Reporting in the journal Science Advances, a Rutgers-led team of researchers described an experiment that focused on the interaction between a conducting material called the Weyl semimetal and an insulating magnetic material known as spin ice when both are subjected to an extremely high magnetic field. Both materials individually are known for their unique and complex properties.

"Although each material has been extensively studied, their interaction at this boundary has remained entirely unexplored," said Tsung-Chi Wu, who earned his doctoral degree in June from the Rutgers graduate program in physics and astronomy and is the first author of the study. "We observed new quantum phases that emerge only when these two materials interact. This creates a new quantum topological state of matter at high magnetic fields, which was previously unknown."

The team discovered that at the interface of these two materials, the electronic properties of the Weyl semimetal are influenced by the magnetic properties of the spin ice. This interaction leads to a very rare phenomenon called "electronic anisotropy" where the material conducts electricity differently in different directions. Within a circle of 360 degrees, the conductivity is lowest at six specific directions, they found. Surprisingly, when the magnetic field is increased, the electrons suddenly start flowing in two opposite directions.

This discovery is consistent with a characteristic seen in the quantum phenomenon known as rotational symmetry breaking and indicates the occurrence of a new quantum phase at high magnetic fields.

The findings are significant because they reveal new ways in which the properties of materials can be controlled and manipulated, Wu said. By understanding how electrons move in these special materials, scientists could potentially design new generations of ultra-sensitive quantum sensors of magnetic fields that work best in extreme conditions - such as in space or inside powerful machines.




Weyl semimetals are materials that allow electricity to flow in unusual ways with very high speed and zero energy loss because of special relativistic quasi-particles called Weyl fermions. Spin ice, on the other hand, are magnetic materials where the magnetic moments (tiny magnetic fields within the material) are arranged in a way that resembles the positions of hydrogen atoms in ice. When these two materials are combined, they create a heterostructure, composed of atomic layers of dissimilar materials.

Scientists have found that new states of matter appear under extreme conditions, including very low temperatures, high pressures or high magnetic fields, and behave in strange and fascinating ways. Experiments such as the Rutgers-led one may lead to new, fundamental understanding of matter beyond the naturally occurring four states of matter, according to Wu.

"This is just the beginning," Wu said. "There are multiple possibilities for exploring new quantum materials and their interactions when combined into a heterostructure. We hope our work will also inspire the physics community to explore these exciting new frontiers."

The research was conducted using a combination of experimental techniques, led by the principal investigator for the project, Jak Chakhalian, the Claud Lovelace Endowed Professor of Experimental Physics in the Department of Physics and Astronomy and a co-author of the study. The work was theoretically supported by Jedediah Pixley, an associate professor in the Department of Physics and Astronomy, also a co-author of the study.

"The experiment-theory collaboration is what really makes the work possible," Wu said. "It took us more than two years to understand the experimental results. The credit goes to the state-of-the-art theoretical modeling and calculations done by the Pixley group, particularly Jed Pixley and Yueqing Chang, a postdoctoral researcher. We are continuing our collaboration to push the frontier of the field as a Rutgers team."

Most of the experiments were conducted at the National High Magnetic Field Laboratory (MagLab) in Tallahassee, Fla., which provided the unique conditions to study these materials at ultra-low temperatures and high magnetic fields.




"We had to initiate the collaboration and travel to the MagLab multiple times to perform these experiments, each time refining ideas and methods," Wu said. "The ultra-low temperatures and high magnetic fields were crucial for observing these new phenomena."

The research builds on previous Rutgers-led research published earlier this year by Chakhalian, Mikhail Kareev, Wu and other physicists. The report described how four years of continuous experimentation led to a novel method to design and build a unique, tiny, atoms-thick structure composed of a Weyl semimetal and spin ice. The quantum heterostructure was so difficult to create, the scientists developed a machine to make it: the Q-DiP, short for quantum phenomena discovery platform.

"In that paper, we described how we made the heterostructure," said Chakhalian. "The new Science Advances paper is about what it can do."

In addition to Chakhalian, Wu, Chang and Pixley, Rutgers researchers on the study included Ang-Kun Wu, Michael Terilli, Fangdi Wen and Mikhail Kareev.
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After 50 years, scientists finally catch elusive neutrinos near a reactor | ScienceDaily
Neutrinos are extremely elusive elementary particles. Day and night, 60 billion of them stream from the Sun through every square centimeter of the Earth every second, which is transparent to them. After the first theoretical prediction of their existence, decades passed before they were actually detected. These experiments are usually extremely large to account for the very weak interaction of neutrinos with matter. Scientists at the Max Planck Institute for Nuclear Physics (MPIK) in Heidelberg have now succeeded in detecting antineutrinos from the reactor of a nuclear power plant using the CONUS+ experiment, with a detector mass of just 3 kg.


						
Originally based at the Brokdorf nuclear power plant, the CONUS experiment was relocated to the Leibstadt nuclear power plant (KKL) in Switzerland in the summer of 2023. Improvements to the 1 kg germanium semiconductor detectors, as well as the excellent measurement conditions at KKL, made it possible for the first time to measure what is known as Coherent Elastic Neutrino-Nucleus Scattering (CEvNS). In this process, neutrinos do not scatter off the individual components of the atomic nuclei in the detector, but rather coherently with the entire nucleus. This significantly increases the probability of a very small but observable nuclear recoil. This recoil caused by neutrino scattering is comparable to a ping-pong ball bouncing off a car, with the detection being the changing motion of the car. In the case of CONUS+, the scattering partners are the atomic nuclei of the germanium. Observing this effect requires low-energy neutrinos, such as those produced in large numbers in nuclear reactors.

The effect was predicted as early as 1974, but was first confirmed in 2017 by the COHERENT experiment at a particle accelerator. The CONUS+ experiment has now successfully observed the effect at full coherence and lower energies in a reactor for the first time, as described in a recent Nature research article. The compact CONUS+ setup is located 20.7 m from the reactor core (see image above). At this position, more than 10 trillion neutrinos flow through every square centimeter of surface every second. After approximately 119 days of measurement between autumn 2023 and summer 2024, the researchers were able to extract an excess of 395+-106 neutrino signals from the CONUS+ data, after subtracting all background and interfering signals. This value is in very good agreement with theoretical calculations, within the measurement uncertainty. "We have thus successfully confirmed the sensitivity of the CONUS+ experiment and its ability to detect antineutrino scattering from atomic nuclei," explains Dr. Christian Buck, one of the authors of the study. He also emphasizes the potential development of small, mobile neutrino detectors to monitor reactor heat output or isotope concentration as possible future applications of the CEvNS technique presented here.

The CEvNS measurement provides unique insights into fundamental physical processes within the Standard Model of particle physics, the current theory describing the structure of our universe. Compared to other experiments, the measurements with CONUS+ allow for a reduced dependence on nuclear physics aspects, thereby improving the sensitivity to new physics beyond the Standard Model. For this reason, CONUS+ was already equipped with improved and larger detectors in autumn 2024. With the resulting measurement accuracy, even better results are expected. "The techniques and methods used in CONUS+ have excellent potential for fundamental new discoveries," emphasizes Prof. Lindner, initiator of the project and also an author of the study. "The groundbreaking CONUS+ results could therefore mark the starting point for a new field in neutrino research."
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Found in the trash: A super opioid 1000x stronger than morphine | ScienceDaily
A synthetic opioid 1000 times more potent than morphine is infiltrating the street drug trade in Adelaide, Australia, sparking fears of a wave of overdoses that could be lethal.


						
In the first study of its kind in South Australia, University of South Australia researchers have detected traces of nitazene in samples of discarded injecting equipment, plastic bags, vials and filters from public disposal bins at local needle and syringe program sites.

Their findings were published on July 31 in the Drug & Alcohol Review.

Using highly sensitive chemical analysis, researchers identified nitazenes in 5% of 300 samples, mainly in combination with heroin and mostly found in syringes.

Nitazenes led to 32 overdose deaths in Australia between 2020 and 2024, with 84% of patients unaware the synthetic opioid was present in the drug they consumed. It is increasingly hidden in illicit drugs such as fentanyl and heroin, posing extreme overdose risks, often with fatal consequences.

"Nitazenes are among the most potent synthetic opioids in circulation today, some stronger than fentanyl, which is 50 times more potent than heroin," according to lead researcher UniSA Associate Professor Cobus Gerber.

"These substances can be lethal in tiny quantities and are often mixed with other drugs, making them incredibly difficult to detect and monitor through traditional means," he says.




Several different nitazenes were identified, some of them combined with the non-opioid veterinary sedative xylazine, which is not approved for human use.

"This is particularly alarming," says Assoc Prof Gerber, "as xylazine has been linked to severe adverse effects, including necrotic skin lesions, prolonged sedation and depression.

"Finding xylazine alongside nitazenes in the same samples is a worrying sign because it mirrors what we are seeing overseas, especially in the United States, where these drug combinations are contributing to a wave of overdose deaths and complex clinical presentations."

Less than one in five nitazene-related emergency cases in Australia involved people who knowingly took the drug, with most people mistakenly believing they consumed heroin, methamphetamine or other familiar substances.

"Accidental exposure is a key risk," says co-author UniSA researcher Dr Emma Keller.

"When drugs are contaminated with nitazenes, the margin for error narrows dramatically. Standard doses can become fatal, especially for people who don't know what their product contains or who don't carry naloxone, a medication that can rapidly reverse the effects of an opioid overdose."

The detection of these substances in South Australia comes amid growing calls for expanded drug-checking services, including the use of nitazene-specific drug strips and public health alerts.




Associate Prof Gerber says that chemical testing of used drug paraphernalia is a non-invasive, effective way to identify emerging threats in the drug supply.

"This kind of data can trigger rapid alerts to health agencies, treatment services and peer networks, allowing people who use drugs to make more informed choices."

Wastewater analysis is also used to detect illicit drugs in the community, but due to the sporadic nature of drug use, other monitoring approaches like chemical testing are necessary.

Drug and Alcohol Services South Australia, who co-authored the study, has shared the findings with community advisory groups, healthcare providers and the state's early warning system network.
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Did drunk apes help us evolve? New clues reveal why we digest alcohol so well | ScienceDaily
If scientists are to better understand whether the genes that let us safely welcome the weekend with a cold beer or enjoy a bottle of wine with dinner began with apes eating fermented fruit, then the habit needs a name, according to a new study.


						
"Scrumping" is the name coined in a paper led by researchers at Dartmouth and the University of St Andrews in Scotland for the fondness apes have for eating ripe fruit from the forest floor. These primates' palate for picked-up produce has taken on new importance in recent years, the researchers report in the journal BioScience.

But scientists cannot fully understand the significance of this behavior -- particularly for human evolution -- because "we never bothered to differentiate fruits in trees from fruits on the ground," says Nathaniel Dominy, the Charles Hansen Professor of Anthropology at Dartmouth and a corresponding author of the paper, which includes co-author Luke Fannin, a postdoctoral researcher at Dartmouth.

In other words, scrumping by no name at all just looks like eating fruit, Dominy says. The researchers write that geneticists reported in a 2015 study that eating fermented fruit may have triggered a single amino acid change in the last common ancestor of humans and African apes that boosted their ability to metabolize alcohol by 40 times.

"It's a fascinating idea, but nobody studying these ape species, or Asian apes, had the data to test it. It just wasn't on our radar," Dominy says. "It's not that primatologists have never seen scrumping -- they observe it pretty regularly. But the absence of a word for it has disguised its importance. We're hoping to fill an important void in scientific discourse."

Scrumping, the researchers write, describes the act of gathering -- or sometimes stealing -- windfallen apples and other fruits. The word is the English form of the medieval German word "schrimpen," a noun meaning "shriveled" or "shrunken" used to describe overripe or fermented fruit. In England today, scrumpy refers to a cloudy apple cider with an alcohol by volume content that ranges from 6 to 9%.

The researchers set out to better determine how common their new behavior classification is among great apes. They examined dietary reports of orangutans, chimpanzees, and mountain and western gorillas observed in the wild.




Feeding events were cross-referenced with how high off the ground the animal was when it ate, as well as the height at which the fruit grows. If an ape at ground level was recorded eating a fruit known to grow in the middle or upper levels of the forest canopy, it was counted as scrumping.

The researchers found that African apes "scrump" on a regular basis, but orangutans do not. These results corroborate the 2015 gene-sequencing study, which found the primary enzyme for metabolizing ethanol is relatively inefficient in orangutans and other non-human primates.

The authors of the BioScience paper propose that metabolizing ethanol may let African apes safely eat the ripe, fermented fruit they find on the ground. This adaptation could free them from competing with monkeys for unripe fruit in trees. It also could spare large apes the risk of climbing and possibly falling out of trees, which a 2023 study by Dominy and Fannin reports is so incredibly dangerous that it influenced human physiology.

Given that chimpanzees consume about 10 pounds of fruit each day, the team's analysis suggests these animals ingest a non-trivial amount of alcohol, Dominy says. That level of intake suggests that chronic low-level exposure to ethanol may be a significant component of chimpanzee life, and a major force of human evolution.

The next step is measuring levels of fermentation in fruits in the trees versus fruits on the ground to better estimate alcohol consumption in chimpanzees, Dominy says.

"Scrumping by the last common ancestor of gorillas, chimpanzees, and humans about 10 million years ago could explain why humans are so astoundingly good at digesting alcohol," Dominy says. "We evolved to metabolize alcohol long before we ever figured out how to make it, and making it was one of the major drivers of the Neolithic Revolution that turned us from hunter-gatherers into farmers and changed the world."

Humans might also have retained social aspects that apes bring to scrumping, says Catherine Hobaiter, a professor of psychology and neuroscience at St Andrews and co-corresponding author of the study.




"A fundamental feature of our relationship with alcohol is our tendency to drink together, whether a pint with friends or a large social feast," Hobaiter says. "The next step is to investigate how shared feeding on fermented fruits might also influence social relationships in other apes."

The word scrumping will catch on if other scientists see its descriptive value, Dominy says. The paper in BioScience notes other words invented to capture new concepts, such as "symbiosis" -- coined in 1877 -- and the now ubiquitous "meme," introduced by evolutionary biologist Richard Dawkins in 1976.

"These are great examples of words that we never knew we needed, until we did. If the term is useful, then it will catch on," Dominy says. "That's natural selection at work!"
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Unwanted pregnancies surge with alcohol, but not with cannabis, study finds | ScienceDaily
A new study has found that, among women with a high desire to avoid becoming pregnant, those who drank heavily had a 50% higher risk of becoming pregnant than those who drank moderately or not at all. In contrast, participants who used cannabis were no more likely to have an undesired pregnancy than participants who did not use cannabis.


						
From a larger sample of over 2,000 non-pregnant women aged 15-34, researchers identified a subgroup of 936 who didn't want to get pregnant. Within that subgroup, 429 reported heavy drinking (as measured using a standard alcohol screening questionnaire) and 362 reported using cannabis (including 157 who reported daily or almost daily use).

Those who drank heavily and those who used cannabis frequently had a higher overall desire to avoid pregnancy, compared with participants who drank moderately or not at all and participants who did not use cannabis.

Over the course of one year, 71 of the 936 women who most wanted to avoid pregnancy became pregnant. More than half of those undesired pregnancies (38) occurred among those who drank heavily, more than the combined number for those who drank moderately or not at all. In other words, heavy drinking was associated with a higher risk of undesired pregnancy compared with lower levels of drinking.

In contrast, less than half of the 71 undesired pregnancies (28) occurred among people who used cannabis, meaning that those who used cannabis did not show an elevated risk of undesired pregnancy compared with people who did not use cannabis.

Lead author Dr Sarah Raifman, of the University of California, San Francisco, School of Medicine, comments: "This study made two important findings. First, non-pregnant women who drink heavily appear, on average, to have a higher desire to avoid pregnancy than those who drink moderately or not at all. Second, drinking heavily as opposed to moderately or not at all appears to put those who most want to avoid pregnancy at higher risk of becoming pregnant within one year. Finding out why those pregnancies happen is the next step in our research."

"In the meantime, given the potentially life-altering effects of fetal alcohol spectrum disorders (which occur when a fetus is exposed to alcohol through the mother's drinking) and the fact that the risk of FASD increases with the amount and duration of the mother's drinking, it's important for doctors and clinicians to support women who drink heavily to stop drinking as soon as they suspect an unintentional pregnancy."

This study was funded by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (R01-HD108643) and by the National Institute on Alcohol Abuse and Alcoholism (F31AA028988).
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4,000-year-old teeth reveal the earliest human high - Hidden in plaque | ScienceDaily
In south-east Asia, betel nut chewing has been practiced since antiquity. The plants contain compounds that enhance the consumer's alertness, energy, euphoria, and relaxation. Although the practice is becoming less common in modern times, it has been deeply embedded in social and cultural traditions for thousands of years. Chewing betel nuts typically results in dark, reddish-brown to black stained teeth.


						
Yet, teeth without staining may not mean that people didn't chew betel nuts. Now, using a new method, an international team of researchers examined ancient dental plaque from Bronze Age Thailand and found evidence of betel nut chewing.

"We identified plant derivatives in dental calculus from a 4,000-year-old burial at Nong Ratchawat, Thailand," said first author of the Frontiers in Environmental Archaeology study Dr Piyawit Moonkham, an anthropological archaeologist at Chiang Mai University in Thailand. "This is the earliest direct biomolecular evidence of betel nut use in south-east Asia."

"We demonstrate that dental calculus can preserve chemical signatures of psychoactive plant use for millennia, even when conventional archaeological evidence is completely absent," added Dr Shannon Tushingham, the senior author, who is the associate curator of anthropology at the California Academy of Sciences. "In essence, we've developed a way to make the invisible visible -- revealing behaviors and practices that have been lost to time for 4,000 years."

Hidden in plaque

At Nong Ratchawat, an archaeological site in central Thailand that dates back to the Bronze Age, 156 human burials have been unearthed since 2003. For the present study, the team collected 36 dental calculus samples from six individuals.

Back in the lab, they removed tiny amounts of plaque from the samples and the chemical residues found therein underwent analysis. The team also used betel liquid samples they produced themselves to ensure psychoactive compounds could be reliably detected through their analysis and to understand the complex biochemical interactions between ingredients. "We used dried betel nut, pink limestone paste, Piper betel leaves, and sometimes Senegalia catechu bark and tobacco. We ground the ingredients with human saliva to replicate authentic chewing conditions," Moonkham said. "Sourcing materials and experimentally 'chewing' betel nuts to create authentic quid samples was both a fun and interesting process."

The results showed that three of the archaeological samples - all stemming from a molar of the same individual, Burial 11 - contained traces of arecoline and arecaidine. These organic compounds, found in betel nuts but also plants like coffee, tea, and tobacco, have pronounced physiological effects on humans. This suggests that betel nuts were chewed as early as 4,000 years ago in Thailand.




'Archaeologically invisible' proof

"The presence of betel nut compounds in dental calculus does suggest repeated consumption, as these residues become incorporated into mineralized plaque deposits over time through regular exposure," explained Tushingham. Accordingly, the absence of tooth-staining raises questions. It could be the result of different consumption methods, the team pointed out. It could also be due to post-consumption teeth cleaning practices, or post-mortem processes affecting stain preservation over 4,000 years.

While traces of betel nut chewing were found in samples from only one individual, there is currently no proof that Burial 11 received special treatment or was of elevated social status or unique ritual significance compared to the other burials at Nong Ratchawat. The presence of stone beads as grave goods, however, could provide hints as to the individual's identity or lived experience. Studying more individuals at Nong Ratchawat and other local sites to learn when and to whom such grave goods were given could provide valuable evidence, the team said.

The methods the researchers applied can be used to examine the remaining burials at Nong Ratchawat and at other sites, they said. "Dental calculus analysis can reveal behaviors that leave no traditional archaeological traces, potentially revolutionizing our understanding of ancient lifeways and human-plant relationships," Tushingham said. "It could open new windows into the deep history of human cultural practices."

"Understanding the cultural context of traditional plant use is a larger theme we want to amplify -- psychoactive, medicinal, and ceremonial plants are often dismissed as drugs, but they represent millennia of cultural knowledge, spiritual practice, and community identity," Moonkham concluded. "Archaeological evidence can inform contemporary discussions by honoring the deep cultural heritage behind these practices."
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Forget the Big Bang: Gravitational waves may have really created the Universe | ScienceDaily
A team of scientists led by expert Raul Jimenez, ICREA researcher at the University of Barcelona's Institute of Cosmos Sciences (ICCUB), in collaboration with the University of Padua (Italy), has presented a revolutionary theory about the origins of the Universe. The study, published in the journal Physical Review Research, introduces a radical change in the understanding of the first moments after the Big Bang, without relying on the speculative assumptions that physicists have traditionally assumed.


						
Unraveling the mystery of the origins of the Universe

For decades, cosmologists have worked under the inflationary paradigm, a model that suggests that the Universe expanded extremely rapidly, in a fraction of a second, thus paving the way for everything we observe today. But this model includes too many adjustable parameters -- the free parameters -- which can be modified. Scientifically, this poses a problem, as it makes it difficult to know whether a model is truly predicting or simply adapting to the data. In a significant breakthrough, the team has proposed a model in which the early Universe does not require any of these arbitrary parameters. Instead, it begins with a well-established cosmic state called De Sitter space, which is consistent with current observations of dark energy.

Gravitational waves: the key to understanding cosmic structure

The new model does not rely on hypothetical fields or particles such as inflation. It suggests that natural quantum fluctuations in space-time, gravitational waves, were sufficient to seed the small density differences that eventually gave rise to galaxies, stars, and planets. These ripples evolve non-linearly, interacting and generating complexity over time, allowing for verifiable predictions with real data.

"For decades, we have tried to understand the early moments of the Universe using models based on elements we have never observed," says Raul Jimenez. "What makes this proposal exciting is its simplicity and verifiability. We are not adding speculative elements, but rather demonstrating that gravity and quantum mechanics may be sufficient to explain how the structure of the cosmos came into being."

Understanding the origin of the Universe is not just a philosophical question, but helps us answer fundamental questions about who we are and where we come from. This new proposal offers a minimalist but powerful, elegant and potentially refutable vision. This is science at its best: clear predictions that future observations -- such as measurements of gravitational waves and cosmic structure -- can confirm or reject.

These new results suggest that we may not need speculative elements to explain the cosmos, but only a deep understanding of gravity and quantum physics. If the model is confirmed, it could mark a new chapter in the way we think about the birth of the Universe.
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Reversing Alzheimer's damage: Two cancer drugs demonstrate surprising power | ScienceDaily
Scientists at UC San Francisco and Gladstone Institutes have identified cancer drugs that promise to reverse the changes that occur in the brain during Alzheimer's, potentially slowing or even reversing its symptoms.


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

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

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

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

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

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




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

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

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

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

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

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




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

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

A combination therapy poised for primetime 

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

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

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

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

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

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

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


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

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

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

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

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

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




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

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

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

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

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

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


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

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

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

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

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

A cool amplifier discovery

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




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

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

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

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

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

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




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

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

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


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

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

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

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

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

Why it matters

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




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

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

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

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

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


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

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

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

Irritable bowel syndrome

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

Functional dyspepsia

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


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

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

A new modulatory pathway

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

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

An unexpected receptor

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




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

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

Implications for perception and disorders

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


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

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

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

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

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

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

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

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


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

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

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

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

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

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




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

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

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

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

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

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

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

"By combining information from multiple surveys, we can detect population trends, and the Wildlife Conservation Society will know where to invest in conservation actions," he said.
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What happens when light smashes into itself? Scientists just found out | ScienceDaily
Usually, light waves can pass through each other without any resistance. According to the laws of electrodynamics, two light beams can exist in the same place without influencing each other; they simply overlap. Light saber battles, as seen in science fiction films, would therefore be rather boring in reality.


						
Nevertheless, quantum physics predicts the effect of "light-on-light scattering." Ordinary lasers are not powerful enough to detect it, but it has been observed at the CERN particle accelerator. Virtual particles can literally emerge from nothing for a short time, interact with the photons and change their direction. The effect is extremely small, but it must be understood precisely in order to verify particle physics theories through current high-precision experiments on muons. A team at TU Wien (Vienna) has now been able to show that a previously underestimated aspect plays an important role in this: the contribution of so-called tensor mesons. The new results have been published in the journal Physical Review Letters.

Virtual particles from nothing

When photons interact with photons, virtual particles can be created. They cannot be measured directly, as they disappear immediately. In a sense, they are constantly there and not there at the same time -- quantum physics allows such superpositions of states that would be mutually exclusive according to our classical everyday understanding.

"Even though these virtual particles cannot be observed directly, they have a measurable effect on other particles," says Jonas Mager from the Institute of Theoretical Physics at TU Wien, lead author of the study. "If you want to calculate precisely how real particles behave, you have to take all conceivable virtual particles into account correctly. That's what makes this task so difficult -- but also so interesting."

When light scatters off light, a photon may transform, for example, into an electron-positron pair. Other photons can then interact with these two particles before the electron and positron annihilate each other and become a new photon. Things become more complicated when heavier particles are created that are also subject to strong nuclear forces -- for example, mesons, which consist of a quark and an antiquark.

"There are different types of these mesons," says Jonas Mager. "We have now been able to show that one of them, the tensor mesons, has been significantly underestimated. Through the effect of light-light scattering, they influence the magnetic properties of muons, which can be used to test the Standard Model of particle physics with extreme accuracy." Tensor mesons did appear in earlier calculations, but with very rough simplifications. In the new evaluation, not only does their contribution turn out to be much stronger than previously assumed, but it also has a different sign than previously thought, thus influencing the results in the opposite direction.




Unusual theoretical methods

This result also resolves a discrepancy that arose last year between the latest analytical calculations and alternative computer simulations. "The problem is that conventional analytical calculations can describe the strong interactions of quarks only well in limiting cases," says Anton Rebhan (TU Wien).

The TU Wien team, on the other hand, used an unconventional method -- holographic quantum chromodynamics. This involves mapping processes in four dimensions (i.e. three spatial dimensions and one time dimension) onto a five-dimensional space with gravity. Some problems can then be solved more easily in this other space, and the results are then transformed back again. "The tensor mesons can be mapped onto five-dimensional gravitons, for which Einstein's theory of gravity makes clear predictions," explains Anton Rebhan. "We now have computer simulations and analytical results that fit well together but deviate from certain previous assumptions. We hope that this will also provide new impetus to accelerate already planned specific experiments on tensor mesons."

The standard model put to the test

These analyses are important for one of the biggest questions in physics: How reliable is the Standard Model of particle physics? This is the generally accepted quantum physical theory that describes all known types of particles and all forces of nature -- except gravity.

The accuracy of the Standard Model can be investigated particularly well in a few special test cases, for example by measuring the magnetic moment of muons. For many years, scientists have been puzzling over whether certain discrepancies between theory and experiment point to "new physics" beyond the Standard Model, or whether they are simply inaccuracies or errors. The discrepancy in the muon magnetic moment has recently become much smaller -- but in order to really search for new physics, the remaining theoretical uncertainties must also be understood as precisely as possible. This is exactly what the new work contributes to.
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Einstein was wrong: MIT just settled a 100-year quantum debate | ScienceDaily
MIT physicists have performed an idealized version of one of the most famous experiments in quantum physics. Their findings demonstrate, with atomic-level precision, the dual yet evasive nature of light. They also happen to confirm that Albert Einstein was wrong about this particular quantum scenario.


						
The experiment in question is the double-slit experiment, which was first performed in 1801 by the British scholar Thomas Young to show how light behaves as a wave. Today, with the formulation of quantum mechanics, the double-slit experiment is now known for its surprisingly simple demonstration of a head-scratching reality: that light exists as both a particle and a wave. Stranger still, this duality cannot be simultaneously observed. Seeing light in the form of particles instantly obscures its wave-like nature, and vice versa.

The original experiment involved shining a beam of light through two parallel slits in a screen and observing the pattern that formed on a second, faraway screen. One might expect to see two overlapping spots of light, which would imply that light exists as particles, a.k.a. photons, like paintballs that follow a direct path. But instead, the light produces alternating bright and dark stripes on the screen, in an interference pattern similar to what happens when two ripples in a pond meet. This suggests light behaves as a wave. Even weirder, when one tries to measure which slit the light is traveling through, the light suddenly behaves as particles and the interference pattern disappears.

The double-slit experiment is taught today in most high school physics classes as a simple way to illustrate the fundamental principle of quantum mechanics: that all physical objects, including light, are simultaneously particles and waves.

Nearly a century ago, the experiment was at the center of a friendly debate between physicists Albert Einstein and Niels Bohr. In 1927, Einstein argued that a photon particle should pass through just one of the two slits and in the process generate a slight force on that slit, like a bird rustling a leaf as it flies by. He proposed that one could detect such a force while also observing an interference pattern, thereby catching light's particle and wave nature at the same time. In response, Bohr applied the quantum mechanical uncertainty principle and showed that the detection of the photon's path would wash out the interference pattern.

Scientists have since carried out multiple versions of the double-slit experiment, and they have all, to various degrees, confirmed the validity of the quantum theory formulated by Bohr. Now, MIT physicists have performed the most "idealized" version of the double-slit experiment to date. Their version strips down the experiment to its quantum essentials. They used individual atoms as slits, and used weak beams of light so that each atom scattered at most one photon. By preparing the atoms in different quantum states, they were able to modify what information the atoms obtained about the path of the photons. The researchers thus confirmed the predictions of quantum theory: The more information was obtained about the path (i.e. the particle nature) of light, the lower the visibility of the interference pattern was.

They demonstrated what Einstein got wrong. Whenever an atom is "rustled" by a passing photon, the wave interference is diminished.




"Einstein and Bohr would have never thought that this is possible, to perform such an experiment with single atoms and single photons," says Wolfgang Ketterle, the John D. MacArthur Professor of Physics and leader of the MIT team. "What we have done is an idealized Gedanken experiment."

Their results appear in the journal Physical Review Letters. Ketterle's MIT co-authors include first author Vitaly Fedoseev, Hanzhen Lin, Yu-Kun Lu, Yoo Kyung Lee, and Jiahao Lyu, who all are affiliated with MIT's Department of Physics, the Research Laboratory of Electronics, and the MIT-Harvard Center for Ultracold Atoms.

Cold confinement

Ketterle's group at MIT experiments with atoms and molecules that they super-cool to temperatures just above absolute zero and arrange in configurations that they confine with laser light. Within these ultracold, carefully tuned clouds, exotic phenomena that only occur at the quantum, single-atom scale can emerge.

In a recent experiment, the team was investigating a seemingly unrelated question, studying how light scattering can reveal the properties of materials built from ultracold atoms.

"We realized we can quantify the degree to which this scattering process is like a particle or a wave, and we quickly realized we can apply this new method to realize this famous experiment in a very idealized way," Fedoseev says.




In their new study, the team worked with more than 10,000 atoms, which they cooled to microkelvin temperatures. They used an array of laser beams to arrange the frozen atoms into an evenly spaced, crystal-like lattice configuration. In this arrangement, each atom is far enough away from any other atom that each can effectively be considered a single, isolated and identical atom. And 10,000 such atoms can produce a signal that is more easily detected, compared to a single atom or two.

The group reasoned that with this arrangement, they might shine a weak beam of light through the atoms and observe how a single photon scatters off two adjacent atoms, as a wave or a particle. This would be similar to how, in the original double-slit experiment, light passes through two slits.

"What we have done can be regarded as a new variant to the double-slit experiment," Ketterle says. "These single atoms are like the smallest slits you could possibly build."

Tuning fuzz

Working at the level of single photons required repeating the experiment many times and using an ultrasensitive detector to record the pattern of light scattered off the atoms. From the intensity of the detected light, the researchers could directly infer whether the light behaved as a particle or a wave.

They were particularly interested in the situation where half the photons they sent in behaved as waves, and half behaved as particles. They achieved this by using a method to tune the probability that a photon will appear as a wave versus a particle, by adjusting an atom's "fuzziness," or the certainty of its location. In their experiment, each of the 10,000 atoms is held in place by laser light that can be adjusted to tighten or loosen the light's hold. The more loosely an atom is held, the fuzzier, or more "spatially extensive," it appears. The fuzzier atom rustles more easily and records the path of the photon. Therefore, in tuning up an atom's fuzziness, researchers can increase the probability that a photon will exhibit particle-like behavior. Their observations were in full agreement with the theoretical description.

Springs away

In their experiment, the group tested Einstein's idea about how to detect the path of the photon. Conceptually, if each slit were cut into an extremely thin sheet of paper that was suspended in the air by a spring, a photon passing through one slit should shake the corresponding spring by a certain degree that would be a signal of the photon's particle nature. In previous realizations of the double slit experiment, physicists have incorporated such a spring-like ingredient, and the spring played a major role in describing the photon's dual nature.

But Ketterle and his colleagues were able to perform the experiment without the proverbial springs. The team's cloud of atoms is initially held in place by laser light, similar to Einstein's conception of a slit suspended by a spring. The researchers reasoned that if they were to do away with their "spring," and observe exactly the same phenomenon, then it would show that the spring has no effect on a photon's wave/particle duality.

This, too, was what they found. Over multiple runs, they turned off the spring-like laser holding the atoms in place and then quickly took a measurement in a millionth of a second, before the atoms became more fuzzy and eventually fell down due to gravity. In this tiny amount of time, the atoms were effectively floating in free space. In this spring-free scenario, the team observed the same phenomenon: A photon's wave and particle nature could not be observed simultaneously.

"In many descriptions, the springs play a major role. But we show, no, the springs do not matter here; what matters is only the fuzziness of the atoms," Fedoseev says. "Therefore, one has to use a more profound description, which uses quantum correlations between photons and atoms."

The researchers note that the year 2025 has been declared by the United Nations as the International Year of Quantum Science and Technology, celebrating the formulation of quantum mechanics 100 years ago. The discussion between Bohr and Einstein about the double-slit experiment took place only two years later.

"It's a wonderful coincidence that we could help clarify this historic controversy in the same year we celebrate quantum physics," says co-author Lee.

This work was supported, in part, by the National Science Foundation, the U.S. Department of Defense, and the Gordon and Betty Moore Foundation.
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400-million-year-old fish exposes big mistake in how we understood evolution | ScienceDaily
The coelacanth is known as a "living fossil" because its anatomy has changed little in the last 65 million years. Despite being one of the most studied fish in history, it continues to reveal new information that could transform our understanding of vertebrate evolution. This is revealed in a study published in the journal Science Advances by researchers from the University of Sao Paulo (USP) in Brazil and the Smithsonian Institution in the United States.


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

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

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

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

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

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




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

Behind the scenes

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

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

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

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




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

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

Contribution

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

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

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

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

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

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

From images of the skull bones of other fish from completely extinct lineages, Datovo and Johnson were able to infer where the muscles found in coelacanths would fit, elucidating the evolution of these muscles in the first jawed vertebrates. In future work, Datovo intends to analyze similarities with the muscles of tetrapods, such as amphibians and reptiles.
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Clockwork from scratch: How scientists made timekeeping cells | ScienceDaily
A team of UC Merced researchers has shown that tiny artificial cells can accurately keep time, mimicking the daily rhythms found in living organisms. Their findings shed light on how biological clocks stay on schedule despite the inherent molecular noise inside cells.


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

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

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

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

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

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




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

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

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

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

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


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

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

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

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

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

Circuits that resist radiation

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




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

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

Designing "high-accuracy" reliability

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

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

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




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

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

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

Funded by the National Science Foundation and the Department of Energy, Columbia's chips play a central role in a broader international collaboration coordinated in part by Columbia's Nevis Laboratories. As research at CERN advances, Columbia-designed components will contribute to data acquisition systems that support physicists in analysing phenomena beyond the current limits of knowledge.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250729001219.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Digital twins are reinventing clean energy - but there's a catch | ScienceDaily
As the world grapples with the urgent need to reduce carbon emissions and combat climate change, researchers at the University of Sharjah are turning to a cutting-edge technology that could reshape the future of energy: AI-powered digital twins.


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

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

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

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

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

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




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

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

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

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

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

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




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

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

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

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

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

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

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

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

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

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

Their recommendations focus on improving data collection methods, advancing modeling techniques, and expanding computational capabilities to ensure digital twins can deliver trustworthy insights for decision-making and system optimization.
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Did humans learn to walk in trees? | ScienceDaily
It's hard to tell when -- and why -- our ancestors got down from trees and started walking on two legs. Many early hominins capable of bipedal walking were also well-adapted for climbing, and we lack fossil evidence from a key period when climate change turned forests into open, dry woodland called savannah-mosaic, which might have pushed hominins onto the ground. Now a study on modern chimpanzees could help fill in the gaps. Scientists observing chimpanzees in the Issa Valley, Tanzania have shown that despite living in a savannah-mosaic, they frequently climb trees for valuable food -- potentially explaining why early hominins kept their arboreal adaptations.


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

Habitats and hunger 

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

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

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

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




Fast food 

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

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

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

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

"Importantly, this is also only one community of chimpanzees. Future studies of other chimpanzees living in such dry, open habitats will be vital to see if these patterns are truly a savannah-mosaic signal or unique to Issa."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250729001204.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Quantum tunneling mystery solved after 100 years-and it involves a surprise collision | ScienceDaily
Recently, Professor Dong Eon Kim from POSTECH's Department of Physics and Max Planck Korea-POSTECH Initiative and his research team have succeeded in unraveling for the first time the mystery of the 'electron tunneling' process, a core concept in quantum mechanics, and confirmed it through experiments. This study was published in the international journal Physical Review Letters and is attracting attention as a key to unlocking the long-standing mystery of 'electron tunneling,' which has remained unsolved for over 100 years.


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

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

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

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

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

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

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


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

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

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

The study, published June 18, 2025 in Physical Review Letters, was led by UC San Diego researchers Anna M. Suliga, Julien Froustey, Lukas Graf, Kyle Kehrer and George Fuller, as well as collaborators from other institutions. Their research was funded, in part, by the National Science Foundation (PHY-2209578 and PHY-2020275), the Department of Energy (DE-AC02-07CHI11359), and the Heising-Simons Foundation (2017-228).
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        Breakthrough lung cancer treatment supercharges immune cells with mitochondria
        Scientists have found a way to supercharge lung cancer treatment by transplanting healthy mitochondria into tumors, which both boosts immune response and makes chemotherapy far more effective. By combining this novel method with cisplatin, researchers reversed harmful tumor metabolism and empowered immune cells to fight back, all without added toxicity.

      

      
        This vaccine uses dental floss instead of needles
        Scientists have discovered that flossing between your teeth could one day help vaccinate you. By targeting a uniquely permeable gum tissue called the junctional epithelium, this new method stimulates immunity right where many infections enter: the mouth, nose, and lungs. Using dental floss on mice to apply a flu vaccine triggered a robust immune response--better than existing oral approaches and comparable to nasal vaccines, but without the risks. It even worked with mRNA and protein-based vaccine...

      

      
        This new drug could help PTSD patients finally let go of trauma
        Researchers discovered that PTSD may be driven by excess GABA from astrocytes, not neurons. This chemical imbalance disrupts the brain's ability to forget fear. A new drug, KDS2010, reverses this effect in mice and is already in human trials. It could represent a game-changing therapy.

      

      
        Weight loss drug Ozempic could protect the brain from stroke
        Could popular diabetes and weight loss drugs like Ozempic actually protect your brain from stroke damage, or prevent strokes altogether? Three new studies presented at a major neurosurgery conference suggest they might.

      

      
        Hidden gene in leukemia virus could revolutionize HIV treatment
        Scientists in Japan have discovered a genetic "silencer" within the HTLV-1 virus that helps it stay hidden in the body, evading the immune system for decades. This silencer element essentially turns the virus off, preventing it from triggering symptoms in most carriers. Incredibly, when this silencer was added to HIV, it made that virus less active too -- hinting at a revolutionary new strategy for managing not just HTLV-1 but other deadly retroviruses as well. The discovery opens the door to turn...

      

      
        Fatigue, anxiety, pain? They might be MS in disguise
        New research suggests that multiple sclerosis (MS) may quietly begin affecting the body up to 15 years before the first obvious neurological symptoms appear. Researchers found a steady increase in healthcare visits related to vague symptoms like fatigue, pain, and mental health issues, with noticeable patterns of doctor consultations long before diagnosis.

      

      
        This sugar molecule could stop type 1 diabetes, by fooling the immune system
        In a fascinating twist, Mayo Clinic researchers discovered that a sugar molecule cancer cells use to hide from the immune system might also protect insulin-producing beta cells in type 1 diabetes. By engineering these cells with the same sugar molecule--sialic acid--they prevented immune attacks in lab models. This approach could lead to better transplant options without broad immune suppression, offering hope for millions living with the autoimmune disease.

      

      
        Found in the trash: A super opioid 1000x stronger than morphine
        A powerful new synthetic opioid, up to 1000 times stronger than morphine, has emerged in Adelaide's street drug supply, and researchers are sounding the alarm. Nitazenes, often hidden in heroin or fentanyl, have already caused dozens of deaths in Australia, with most victims unaware they were exposed. Even more concerning, researchers found the sedative xylazine mixed in, echoing deadly drug combinations seen in the U.S.

      

      
        Did drunk apes help us evolve? New clues reveal why we digest alcohol so well
        Ape behavior just got a name upgrade -- "scrumping" -- and it might help explain why humans can handle alcohol so well. Researchers discovered that African apes regularly eat overripe, fermented fruit off the forest floor, and this habit may have driven key evolutionary adaptations. By naming and classifying this behavior, scientists are hoping to better understand how alcohol tolerance evolved in our ancestors -- and how it might have helped shape everything from safety in the trees to social drink...

      

      
        Unwanted pregnancies surge with alcohol, but not with cannabis, study finds
        Women who drank heavily, even though they strongly wished to avoid pregnancy, were 50% more likely to become pregnant than those who drank little or not at all, according to new research. Surprisingly, cannabis use didn t show the same risk.

      

      
        4,000-year-old teeth reveal the earliest human high -- Hidden in plaque
        Scientists have discovered the oldest direct evidence of betel nut chewing in Southeast Asia by analyzing 4,000-year-old dental plaque from a burial in Thailand. This breakthrough method reveals invisible traces of ancient plant use, suggesting psychoactive rituals were part of daily life long before written records.

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

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

      

      
        This gut hormone could explain 40% of IBS-D cases--and lead to a cure
        A mysterious gut hormone may be behind many cases of chronic diarrhea, especially in people with undiagnosed bile acid malabsorption, a condition often mistaken for irritable bowel syndrome. Researchers from the University of Cambridge identified that the hormone INSL5 spikes when bile acid reaches the colon, triggering intense diarrhea. Their discovery not only sheds light on the biological cause of symptoms but opens the door to a diagnostic blood test and new treatment options, including a sur...
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Breakthrough lung cancer treatment supercharges immune cells with mitochondria | ScienceDaily
While chemotherapy remains a cornerstone of lung cancer treatment, it often weakens the immune system it relies on for long-term control. Now, researchers have found a way to turn this weakness into strength -- by transplanting healthy mitochondria into the tumor environment. In advanced non-small cell lung cancer (NSCLC), combining mitochondrial transplantation with cisplatin not only enhanced immune cell infiltration but also reversed tumor metabolism and improved the drug's effectiveness. This innovative approach transforms mitochondria from mere energy suppliers into active allies in cancer therapy, showing potential to reshape how we treat aggressive lung tumors.


						
Lung cancer causes more deaths than any other cancer worldwide, with non-small cell lung cancer (NSCLC) accounting for 85% of cases. Chemotherapy is the first-line treatment for advanced NSCLC, yet its effectiveness is hampered by toxic side effects and emerging resistance. Moreover, chemotherapy damages immune cells and reduces their presence in the tumor microenvironment, limiting long-term control. Adding to this challenge, tumors can hijack immune cell mitochondria through nanotube-like structures, further dampening immunity. Immunotherapy has improved outcomes for some, but many patients still fail to respond. Due to these limitations, there is a pressing need for strategies that restore immune power and metabolic balance during chemotherapy.

Researchers from Tongji University School of Medicine and Nantong University published a study in Cancer Biology & Medicine that introduces a novel approach to lung cancer therapy. They investigated whether direct mitochondrial transplantation could enhance the effects of chemotherapy in advanced NSCLC. By combining functional mitochondria with cisplatin, the team aimed to not only improve tumor response but also restore immune vigor inside the tumor microenvironment. Their findings mark a significant step toward integrative treatments that energize both cells and immunity.

The researchers isolated functional mitochondria from human cardiomyocytes -- cells known for their high energy output -- and transplanted them into NSCLC tumor models, both in vitro and in vivo. Alone, mitochondrial transplantation did not harm cancer cells, but when combined with cisplatin, it significantly amplified tumor suppression. This synergy reduced the IC50 of cisplatin from 12.93 mM to 6.7 mM, indicating greater drug sensitivity. Tumors in mice shrank more dramatically with the combination therapy than with chemotherapy alone, and immune infiltration markedly increased. Transcriptomic analysis revealed a striking shift in tumor metabolism: downregulation of glycolysis and hypoxia genes, and upregulation of oxidative phosphorylation pathways -- reversing the Warburg effect. Markers of cell proliferation (Ki67, P53) and stemness (HIF-1a, CD44, CD133) were suppressed. Importantly, mitochondrial transplantation also restored mitochondrial activity in immune cells, enhancing the function of T cells and natural killer (NK) cells. The treatment caused no additional toxicity and preserved body weight and organ integrity. This work demonstrates that mitochondria can serve as metabolic and immunologic reinforcements, transforming the tumor landscape into one more susceptible to immune attack and chemotherapy.

"This research introduces a powerful dual-action strategy," said Dr. Liuliu Yuan, lead investigator of the study. "By replenishing immune cells with functional mitochondria, we are not just enhancing their energy -- but restoring their ability to fight. At the same time, tumor cells become more vulnerable to chemotherapy. It's like rearming the immune system while disarming the tumor. This could be a promising avenue for patients who don't respond well to conventional treatment."

This discovery lays the groundwork for a new therapeutic paradigm -- one that leverages the mitochondria's unique biology to augment cancer treatment. In patients with advanced NSCLC, mitochondrial transplantation could enhance the effects of existing chemotherapy drugs while minimizing immune suppression. Beyond lung cancer, this approach may extend to other tumors where immune dysfunction and metabolic reprogramming are barriers to treatment success. With further refinement and clinical trials, mitochondrial transfer could evolve into a versatile platform for combination therapies, helping clinicians push past the current limits of cancer care and into a new era of bioenergetic and immune restoration.
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This vaccine uses dental floss instead of needles | ScienceDaily
Researchers have demonstrated a novel vaccine delivery method in an animal model, using dental floss to introduce vaccine via the tissue between the teeth and gums. The testing found that the new technique stimulates the production of antibodies in mucosal surfaces, such as the lining of the nose and lungs.


						
"Mucosal surfaces are important, because they are a source of entry for pathogens, such as influenza and COVID," says Harvinder Singh Gill, corresponding author of a paper on the work. "However, if a vaccine is given by injection, antibodies are primarily produced in the bloodstream throughout the body, and relatively few antibodies are produced on mucosal surfaces.

"But we know that when a vaccine is given via the mucosal surface, antibodies are stimulated not only in the bloodstream, but also on mucosal surfaces," says Gill, who is the Ronald B. and Cynthia J. McNeill Term Professor in Nanomedicine at North Carolina State University. "This improves the body's ability to prevent infection, because there is an additional line of antibody defense before a pathogen enters the body."

This is where the junctional epithelium comes in. The term epithelium applies to the tissue that lines the surface of your body parts, such as the lining of your lungs, stomach and intestines. Most epithelial tissues include robust barriers that are designed to keep bad things - from viruses to dirt - from entering your blood stream. But the junctional epithelium is different.

The junctional epithelium is a thin layer of tissue located in the deepest part of the pocket between the tooth and the gum, and it lacks the barrier features found in other epithelial tissues. The lack of a barrier allows the junctional epithelium to release immune cells to fight bacteria - you find these immune cells in your saliva, as well as between your teeth and gums.

"Because the junctional epithelium is more permeable than other epithelial tissues - and is a mucosal layer - it presents a unique opportunity for introducing vaccines to the body in a way that will stimulate enhanced antibody production across the body's mucosal layers," says Gill.

To determine the viability of delivering vaccines via the junctional epithelium, the researchers applied vaccine to unwaxed dental floss and then flossed the teeth of lab mice. Specifically, the researchers compared antibody production in mice that received a peptide flu vaccine via flossing the junctional epithelium; via the nasal epithelium; or via placing vaccine on the mucosal tissue under the tongue.




"We found that applying vaccine via the junctional epithelium produces far superior antibody response on mucosal surfaces than the current gold standard for vaccinating via the oral cavity, which involves placing vaccine under the tongue," says Rohan Ingrole, first author of the paper, who was a Ph.D. student under Gill at Texas Tech University. "The flossing technique also provides comparable protection against flu virus as compared to the vaccine being given via the nasal epithelium."

"This is extremely promising, because most vaccine formulations cannot be given via the nasal epithelium - the barrier features in that mucosal surface prevent efficient uptake of the vaccine," Gill says. "Intranasal delivery also has the potential to cause the vaccine to reach the brain, which can pose safety concerns. However, vaccination via the junctional epithelium offers no such risk. For this experiment, we chose one of the few vaccine formulations that actually works for nasal delivery because we wanted to see how junctional epithelium delivery compared to the best-case scenario for nasal delivery."

The researchers also tested whether the junctional epithelium delivery method worked for three other prominent classes of vaccines: proteins, inactivated viruses and mRNA. In all three cases, the epithelial junction delivery technique produced robust antibody responses in the bloodstream and across mucosal surfaces.

The researchers also found that, at least in the animal model, it didn't matter whether food and water were consumed immediately after flossing with the vaccine - the immune response was the same.

But while regular floss serves as an adequate vaccine delivery method for lab mice, the researchers know it's not practical to ask people to hold vaccine-coated floss in their fingers. To address that challenge the researchers used a floss pick. A floss pick consists of a piece of floss stretched between two prongs that can be held by a handle.

Specifically, the researchers coated the floss in floss picks with fluorescent food dye. The researchers then recruited 27 study participants, explained the concept of applying vaccine via floss, and asked the participants to try to deposit the food dye in their epithelial junction with a floss pick.




"We found that approximately 60% of the dye was deposited in the gum pocket, which suggests that floss picks may be a practical vaccine delivery method to the epithelial junction," Ingrole says.

"We're optimistic about that work and - depending on our findings - may then move toward clinical trials," Gill says.

While there are still many questions that need to be answered before the floss technique can be considered for clinical use, the researchers think there could be significant advantages beyond the improved antibody response on mucosal surfaces.

"For example, it would be easy to administer, and it addresses concerns many people have about being vaccinated with needles," Gill says. "And we think this technique should be comparable in price to other vaccine delivery techniques.

There are also some drawbacks. For example, this technique would not work on infants and toddlers who do not yet have teeth.

"In addition, we would need to know more about how or whether this approach would work for people who have gum disease or other oral infections," Gill says.

The paper, "Floss-based vaccination targets the gingival sulcus for mucosal and systemic immunization," is published in the journal Nature Biomedical Engineering. Co-authors of the paper include Akhilesh Kumar Shakya, Chang Hyun Lee and Lazar Nesovic of Texas Tech; Gaurav Joshi of Texas Tech and NC State; and Richard Compans of Emory University.

The study was supported in part by the National Institutes of Health (NIH) under grants R01AI137846 and R01DE033759, and by funds from the Whitacre Endowed Chair in Science and Engineering at Texas Tech University.

Gill, Ingrole and Shakya are co-inventors on a patent related to targeting the junctional epithelium for vaccination.
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This new drug could help PTSD patients finally let go of trauma | ScienceDaily
Did you know that patients with post traumatic stress disorder (PTSD) often struggle to forget traumatic memories, even long after the danger has passed? This failure to extinguish fear memories has long puzzled scientists and posed a major hurdle for treatment, especially since current medications targeting serotonin receptors offer limited relief for only a subset of patients.


						
In a new discovery, scientists at the Institute for Basic Science (IBS) and Ewha Womans University have uncovered a new brain mechanism driving PTSD -- and a promising drug that may counteract its effects.

Led by Dr. C. Justin LEE at the IBS Center for Cognition and Sociality and Professor LYOO In Kyoon at Ewha Womans University, the team has shown that excessive GABA (gamma-aminobutyric acid) produced by astrocytes, which are star-shaped support cells in the brain, impairs the brain's ability to extinguish fear memories. This deficit is a core feature of PTSD and helps explain why traumatic memories can persist long after the threat has passed.

Crucially, the researchers found that a brain-permeable drug called KDS2010, which selectively blocks the monoamine oxidase B enzyme responsible for this abnormal GABA production, can reverse PTSD-like symptoms in mice. The drug has already passed Phase 1 safety trials in humans, making it a strong candidate for future PTSD treatments.

PTSD remains difficult to treat, with current medications targeting serotonin pathways providing limited relief for many patients. The new study focused on the medial prefrontal cortex (mPFC), a region of the brain critical for regulating fear, and found that PTSD patients had unusually high levels of GABA and reduced cerebral blood flow in this area. These findings emerged from brain imaging studies of more than 380 participants. Importantly, GABA levels decreased in patients who showed clinical improvement, pointing to the chemical's central role in recovery.

To uncover the origin of this excess GABA, the researchers examined postmortem human brain tissue and used PTSD-like mouse models. They discovered that astrocytes, not neurons, were producing abnormal amounts of GABA via the enzyme monoamine oxidase B (MAOB). This astrocyte-derived GABA impaired neural activity, blocking the brain's ability to forget traumatic memories.

When the researchers administered KDS2010, a highly selective, reversible MAOB inhibitor developed at IBS, the mice showed normalized brain activity and were able to extinguish fear responses. The drug reduced GABA levels, restored blood flow in the mPFC, and re-enabled memory extinction mechanisms. The study thus confirms astrocytic MAOB as a central driver of PTSD symptoms, and MAOB inhibition as a viable therapeutic path.




A major challenge of the study was linking clinical findings in humans with cellular mechanisms in the lab. The researchers addressed this by applying a "reverse translational" strategy: they began with clinical brain scans and moved backward to identify the cellular source of dysfunction, then confirmed the mechanism and tested drug effects in animal models. This approach led to a new understanding of how glial cells -- long thought to be passive -- actively shape psychiatric symptoms.

"This study is the first to identify astrocyte-derived GABA as a key pathological driver of fear extinction deficit in PTSD," said Dr. WON Woojin, a postdoctoral researcher and co-first author of the study. "Our findings not only uncover a novel astrocyte-based mechanism underlying PTSD, but also provide preclinical evidence for a new therapeutic approach using an MAOB inhibitor."

Director C. Justin LEE, who led the study, emphasized that "This work represents a successful example of reverse translational research, where clinical findings in human guided the discovery of underlying mechanisms in animal models. By identifying astrocytic GABA as a pathological driver in PTSD and targeting it via MAOB inhibition, the study opens a completely new therapeutic paradigm not only for PTSD but also for other neuropsychiatric disorders such as panic disorder, depression, and schizophrenia."

The researchers plan to further investigate astrocyte-targeted therapies for various neuropsychiatric disorders. With KDS2010 currently undergoing Phase 2 clinical trials, this discovery may soon lead to new options for patients whose symptoms have not responded to conventional treatments.
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Weight loss drug Ozempic could protect the brain from stroke | ScienceDaily
Three studies presented recently at the Society of NeuroInterventional Surgery's (SNIS) 22nd Annual Meeting discussed whether using GLP-1 inhibitors could lessen the impacts of stroke and related brain injuries or reduce the risk of stroke altogether. These medications, which lower blood sugar and often cause weight loss, are commonly prescribed for type 2 diabetes and obesity and include drugs like semaglutide (Ozempic).


						
In the first study, "The Impact of Semaglutide (Ozempic) on Mortality and Survival in Patients with Acute Ischemic Stroke: A Nationwide and Institutional Retrospective Analysis," researchers at the University of Wisconsin-Madison used patient data from both the university's medical center and a global health collaborative to see whether patients on Ozempic who experienced strokes had better outcomes than patients not taking Ozempic. The global dataset included 2,021,704 patients who had experienced stroke, 43,338 of whom were also on Ozempic, and the University of Wisconsin dataset included 13,510 people who had experienced stroke, 190 of whom used Ozempic. Death from stroke was lower for Ozempic users across both cohorts. In the global dataset, 5.26% of Ozempic users initially died from their strokes compared to 21.61% of non-users, and Ozempic users also had a 77.5% chance of surviving their strokes long term compared to 30.95% of non-Ozempic users. The university cohort showed similar results, with 5.26% of Ozempic users dying from stroke versus 26.57% of patients not using Ozempic.

In the second study, also from the University of Wisconsin-Madison, "Association between Ozempic Use and Stroke Risk: A Nationwide Emergency Department Analysis," researchers examined a large nationwide sample of emergency department records for people who experienced stroke and people who were likely using Ozempic. They found associations between potential Ozempic users and significantly reduced odds of stroke. The research team suggests taking this research further to evaluate data directly from pharmacies to be even more precise about the relationship between Ozempic and stroke prevention.

The third study, "Impact Of GLP-1 Agonists on Stroke, SAH, and ICH: A Propensity-matched Multi-institutional Cohort Study," was presented by researchers from the University of Texas Medical Branch in Galveston. They investigated whether GLP-1 inhibitors could improve patient outcomes after brain hemorrhages (both spontaneous bleeds and those due to brain aneurysm rupture) and stroke. The team reviewed patient records from 6 months and 12 months after each brain hemorrhage and 1 year and 2 years after each stroke, finding that GLP-1 inhibitor use was connected to a reduced risk of cognitive side effects, seizures, future brain hemorrhage and death after brain hemorrhage and stroke.

According to Ahmed Elbayomy, MD, a research fellow and data scientist in the Department of Neurological Surgery at the University of Wisconsin-Madison and primary author of two of these studies, these results are very promising. "More research is certainly needed, but seeing the potential protection offered by these medications is a fascinating finding."

"This research could introduce a new perspective to the discussion of preventing and mitigating the devastating effects of stroke and related brain injuries," added Matias Costa, MD, from the Neurosurgery Department at the University of Texas Medical Branch and author of the third study.
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Hidden gene in leukemia virus could revolutionize HIV treatment | ScienceDaily
A research team from Kumamoto University has made a groundbreaking discovery that reveals how the human T-cell leukemia virus type 1 (HTLV-1) silently persists in the body, potentially laying the foundation for new therapeutic approaches. Their findings, published on May 13, 2025, in Nature Microbiology, identify a previously unknown genetic "silencer" element that keeps the virus in a dormant, undetectable state.


						
HTLV-1 is a cancer-causing retrovirus known to lead to adult T-cell leukemia/lymphoma (ATL), an aggressive and often fatal disease. Although most infected individuals remain asymptomatic for life, a fraction eventually develops leukemia or other inflammatory conditions. The virus achieves long-term persistence by entering a "latent" state, during which its genetic material hides inside the host's genome with minimal activity -- evading immune detection.

In this study, the research team, led by Professor Yorifumi Satou from the Joint Research Center for Human Retrovirus, Kumamoto University, identified a specific region within the HTLV-1 genome that functions as a viral silencer. This sequence recruits host transcription factors, particularly the RUNX1 complex, which suppresses the virus's gene expression. When this silencer region was removed or mutated, the virus became more active, leading to greater immune recognition and clearance in lab models.

Remarkably, when the HTLV-1 silencer was artificially inserted into HIV-1 -- the virus that causes AIDS -- the HIV virus adopted a more latent-like state, with reduced replication and cell killing. This suggests that the silencer mechanism could potentially be harnessed to design better therapies for HIV as well.

"This is the first time we've uncovered a built-in mechanism that allows a human leukemia virus to regulate its own invisibility," said Professor Satou. "It's a clever evolutionary tactic, and now that we understand it, we might be able to turn the tables in treatment."

The findings offer hope not only for understanding and treating HTLV-1, especially in endemic regions like southwestern Japan, but also for broader retroviral infections.
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Fatigue, anxiety, pain? They might be MS in disguise | ScienceDaily
The earliest warning signs of multiple sclerosis (MS) may emerge more than a decade before the first classical neurological symptoms occur, according to new research from the University of British Columbia.


						
Published on August 1 in JAMA Network Open, the study analyzed the health records of more than 12,000 people in British Columbia and found that those with MS began using healthcare services at elevated rates 15 years before their first MS symptoms appear.

The findings challenge long-held assumptions about when the disease truly begins, offering the most comprehensive picture to date of how patients engage with a range of healthcare providers in the years leading up to a diagnosis as they search for answers to ill-defined medical challenges.

"MS can be difficult to recognize as many of the earliest signs -- like fatigue, headache, pain and mental health concerns -- can be quite general and easily mistaken for other conditions," said senior author Dr. Helen Tremlett, professor of neurology at UBC's faculty of medicine and investigator at the Djavad Mowafaghian Centre for Brain Health. "Our findings dramatically shift the timeline for when these early warning signs are thought to begin, potentially opening the door to opportunities for earlier detection and intervention."

The study used linked clinical and administrative provincial health data to track physician visits in the 25 years leading up to the onset of a patient's MS symptoms, as determined by a neurologist through detailed medical history and clinical assessments.

It is the first study to examine healthcare usage this far back in a patient's clinical history. Most previous studies only examined trends in the five to 10 years leading up to a patient's first demyelinating event (such as vision problems) using administrative data. This is a much later benchmark compared to the neurologist-determined date of symptom onset.

The findings revealed that, when compared to the general population, people with MS had a steady build-up of healthcare engagement over 15 years with different types of doctor visits increasing at distinct points in time:
    	15 years before symptom onset: Visits to general practice physicians increased, as did visits to any physician for symptoms like fatigue, pain, dizziness and mental health conditions including anxiety and depression.
    	12 years before: Visits to a psychiatrist increased.
    	Eight to nine years before: Visits to neurologists and ophthalmologists increased, which could relate to issues like blurry vision or eye pain.
    	Three to five years before: Emergency medicine and radiology visits increased.
    	One year before: Physician visits across multiple specialties peaked, including neurology, emergency medicine and radiology.

"These patterns suggest that MS has a long and complex prodromal phase -- where something is happening beneath the surface but hasn't yet declared itself as MS," said Dr. Marta Ruiz-Alguero, a postdoctoral fellow at UBC and the study's first author. "We're only now starting to understand what these early warning signs are, with mental health-related issues appearing to be among the earliest indicators."




The study builds on previous work by Dr. Tremlett and her team to characterize the early stages of MS, or prodromal phase, when subtle symptoms appear before the hallmark signs become recognizable. Prodromal periods are well established in other neurological disorders, like Parkinson's disease, where mood changes, sleep disturbances and constipation often arise years before the more familiar motor symptoms like tremors and stiffness.

While the researchers caution that the vast majority of people who experience general symptoms will not go on to develop MS, they say recognizing and characterizing the MS prodrome could one day help accelerate diagnosis and improve outcomes for patients.

"By identifying these earlier red flags, we may eventually be able to intervene sooner -- whether that's through monitoring, support or preventive strategies," said Dr. Tremlett. "It opens new avenues for research into early biomarkers, lifestyle factors and other potential triggers that may be at play during this previously overlooked phase of the disease."
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This sugar molecule could stop type 1 diabetes, by fooling the immune system | ScienceDaily
Scientific breakthroughs in one disease don't always shed light on treating other diseases. But that's been the surprising journey of one Mayo Clinic research team. After identifying a sugar molecule that cancer cells use on their surfaces to hide from the immune system, the researchers have found the same molecule may eventually help in the treatment of type 1 diabetes, once known as juvenile diabetes.


						
Type 1 diabetes is a chronic autoimmune condition in which the immune system errantly attacks pancreatic beta cells that produce insulin. The disease is caused by genetic and other factors and affects an estimated 1.3 million people in the U.S.

In their studies, the Mayo Clinic researchers took a cancer mechanism and turned it on its head. Cancer cells use a variety of methods to evade immune response, including coating themselves in a sugar molecule known as sialic acid. The researchers found in a preclinical model of type 1 diabetes that it's possible to dress up beta cells with the same sugar molecule, enabling the immune system to tolerate the cells.

"Our findings show that it's possible to engineer beta cells that do not prompt an immune response," says immunology researcher Virginia Shapiro, Ph.D., principal investigator of the study, published in the Journal of Clinical Investigation.

A few years ago, Dr. Shapiro's team demonstrated that an enzyme, known as ST8Sia6, that increases sialic acid on the surface of tumor cells helps tumor cells appear as though they are not foreign entities to be targeted by the immune system.

"The expression of this enzyme basically 'sugar coats' cancer cells and can help protect an abnormal cell from a normal immune response. We wondered if the same enzyme might also protect a normal cell from an abnormal immune response," Dr. Shapiro says. The team first established proof of concept in an artificially-induced model of diabetes.

In the current study, the team looked at preclinical models that are known for the spontaneous development of autoimmune (type 1) diabetes, most closely approximating the process that occurs in patients. Researchers engineered beta cells in the models to produce the ST8Sia6 enzyme.




In the preclinical models, the team found that the engineered cells were 90% effective in preventing the development of type 1 diabetes. The beta cells that are typically destroyed by the immune system in type 1 diabetes were preserved.

Importantly, the researchers also found the immune response to the engineered cells appears to be highly specific, says M.D.-Ph.D. student Justin Choe, first author of the publication. Choe conducted the study in the Ph.D. component of his dual degree at Mayo Clinic Graduate School of Biomedical Sciences and Mayo Clinic Alix School of Medicine.

"Though the beta cells were spared, the immune system remained intact," Choe says. The researchers were able to see active B- and T-cells and evidence of an autoimmune response against another disease process. "We found that the enzyme specifically generated tolerance against autoimmune rejection of the beta cell, providing local and quite specific protection against type 1 diabetes."

No cure currently exists for type 1 diabetes, and treatment involves using synthetic insulin to regulate blood sugar, or, for some people, undergoing a transplant of pancreatic islet cells, which include the much-needed beta cells. Because transplantation involves immunosuppression of the entire immune system, Dr. Shapiro aims to explore using the engineered beta cells in transplantable islet cells with the goal of ultimately improving therapy for patients.

"A goal would be to provide transplantable cells without the need for immunosuppression," says Dr. Shapiro. "Though we're still in the early stages, this study may be one step toward improving care."

The research was funded by grants from the National Institutes of Health.
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Found in the trash: A super opioid 1000x stronger than morphine | ScienceDaily
A synthetic opioid 1000 times more potent than morphine is infiltrating the street drug trade in Adelaide, Australia, sparking fears of a wave of overdoses that could be lethal.


						
In the first study of its kind in South Australia, University of South Australia researchers have detected traces of nitazene in samples of discarded injecting equipment, plastic bags, vials and filters from public disposal bins at local needle and syringe program sites.

Their findings were published on July 31 in the Drug & Alcohol Review.

Using highly sensitive chemical analysis, researchers identified nitazenes in 5% of 300 samples, mainly in combination with heroin and mostly found in syringes.

Nitazenes led to 32 overdose deaths in Australia between 2020 and 2024, with 84% of patients unaware the synthetic opioid was present in the drug they consumed. It is increasingly hidden in illicit drugs such as fentanyl and heroin, posing extreme overdose risks, often with fatal consequences.

"Nitazenes are among the most potent synthetic opioids in circulation today, some stronger than fentanyl, which is 50 times more potent than heroin," according to lead researcher UniSA Associate Professor Cobus Gerber.

"These substances can be lethal in tiny quantities and are often mixed with other drugs, making them incredibly difficult to detect and monitor through traditional means," he says.




Several different nitazenes were identified, some of them combined with the non-opioid veterinary sedative xylazine, which is not approved for human use.

"This is particularly alarming," says Assoc Prof Gerber, "as xylazine has been linked to severe adverse effects, including necrotic skin lesions, prolonged sedation and depression.

"Finding xylazine alongside nitazenes in the same samples is a worrying sign because it mirrors what we are seeing overseas, especially in the United States, where these drug combinations are contributing to a wave of overdose deaths and complex clinical presentations."

Less than one in five nitazene-related emergency cases in Australia involved people who knowingly took the drug, with most people mistakenly believing they consumed heroin, methamphetamine or other familiar substances.

"Accidental exposure is a key risk," says co-author UniSA researcher Dr Emma Keller.

"When drugs are contaminated with nitazenes, the margin for error narrows dramatically. Standard doses can become fatal, especially for people who don't know what their product contains or who don't carry naloxone, a medication that can rapidly reverse the effects of an opioid overdose."

The detection of these substances in South Australia comes amid growing calls for expanded drug-checking services, including the use of nitazene-specific drug strips and public health alerts.




Associate Prof Gerber says that chemical testing of used drug paraphernalia is a non-invasive, effective way to identify emerging threats in the drug supply.

"This kind of data can trigger rapid alerts to health agencies, treatment services and peer networks, allowing people who use drugs to make more informed choices."

Wastewater analysis is also used to detect illicit drugs in the community, but due to the sporadic nature of drug use, other monitoring approaches like chemical testing are necessary.

Drug and Alcohol Services South Australia, who co-authored the study, has shared the findings with community advisory groups, healthcare providers and the state's early warning system network.
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Did drunk apes help us evolve? New clues reveal why we digest alcohol so well | ScienceDaily
If scientists are to better understand whether the genes that let us safely welcome the weekend with a cold beer or enjoy a bottle of wine with dinner began with apes eating fermented fruit, then the habit needs a name, according to a new study.


						
"Scrumping" is the name coined in a paper led by researchers at Dartmouth and the University of St Andrews in Scotland for the fondness apes have for eating ripe fruit from the forest floor. These primates' palate for picked-up produce has taken on new importance in recent years, the researchers report in the journal BioScience.

But scientists cannot fully understand the significance of this behavior -- particularly for human evolution -- because "we never bothered to differentiate fruits in trees from fruits on the ground," says Nathaniel Dominy, the Charles Hansen Professor of Anthropology at Dartmouth and a corresponding author of the paper, which includes co-author Luke Fannin, a postdoctoral researcher at Dartmouth.

In other words, scrumping by no name at all just looks like eating fruit, Dominy says. The researchers write that geneticists reported in a 2015 study that eating fermented fruit may have triggered a single amino acid change in the last common ancestor of humans and African apes that boosted their ability to metabolize alcohol by 40 times.

"It's a fascinating idea, but nobody studying these ape species, or Asian apes, had the data to test it. It just wasn't on our radar," Dominy says. "It's not that primatologists have never seen scrumping -- they observe it pretty regularly. But the absence of a word for it has disguised its importance. We're hoping to fill an important void in scientific discourse."

Scrumping, the researchers write, describes the act of gathering -- or sometimes stealing -- windfallen apples and other fruits. The word is the English form of the medieval German word "schrimpen," a noun meaning "shriveled" or "shrunken" used to describe overripe or fermented fruit. In England today, scrumpy refers to a cloudy apple cider with an alcohol by volume content that ranges from 6 to 9%.

The researchers set out to better determine how common their new behavior classification is among great apes. They examined dietary reports of orangutans, chimpanzees, and mountain and western gorillas observed in the wild.




Feeding events were cross-referenced with how high off the ground the animal was when it ate, as well as the height at which the fruit grows. If an ape at ground level was recorded eating a fruit known to grow in the middle or upper levels of the forest canopy, it was counted as scrumping.

The researchers found that African apes "scrump" on a regular basis, but orangutans do not. These results corroborate the 2015 gene-sequencing study, which found the primary enzyme for metabolizing ethanol is relatively inefficient in orangutans and other non-human primates.

The authors of the BioScience paper propose that metabolizing ethanol may let African apes safely eat the ripe, fermented fruit they find on the ground. This adaptation could free them from competing with monkeys for unripe fruit in trees. It also could spare large apes the risk of climbing and possibly falling out of trees, which a 2023 study by Dominy and Fannin reports is so incredibly dangerous that it influenced human physiology.

Given that chimpanzees consume about 10 pounds of fruit each day, the team's analysis suggests these animals ingest a non-trivial amount of alcohol, Dominy says. That level of intake suggests that chronic low-level exposure to ethanol may be a significant component of chimpanzee life, and a major force of human evolution.

The next step is measuring levels of fermentation in fruits in the trees versus fruits on the ground to better estimate alcohol consumption in chimpanzees, Dominy says.

"Scrumping by the last common ancestor of gorillas, chimpanzees, and humans about 10 million years ago could explain why humans are so astoundingly good at digesting alcohol," Dominy says. "We evolved to metabolize alcohol long before we ever figured out how to make it, and making it was one of the major drivers of the Neolithic Revolution that turned us from hunter-gatherers into farmers and changed the world."

Humans might also have retained social aspects that apes bring to scrumping, says Catherine Hobaiter, a professor of psychology and neuroscience at St Andrews and co-corresponding author of the study.




"A fundamental feature of our relationship with alcohol is our tendency to drink together, whether a pint with friends or a large social feast," Hobaiter says. "The next step is to investigate how shared feeding on fermented fruits might also influence social relationships in other apes."

The word scrumping will catch on if other scientists see its descriptive value, Dominy says. The paper in BioScience notes other words invented to capture new concepts, such as "symbiosis" -- coined in 1877 -- and the now ubiquitous "meme," introduced by evolutionary biologist Richard Dawkins in 1976.

"These are great examples of words that we never knew we needed, until we did. If the term is useful, then it will catch on," Dominy says. "That's natural selection at work!"
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Unwanted pregnancies surge with alcohol, but not with cannabis, study finds | ScienceDaily
A new study has found that, among women with a high desire to avoid becoming pregnant, those who drank heavily had a 50% higher risk of becoming pregnant than those who drank moderately or not at all. In contrast, participants who used cannabis were no more likely to have an undesired pregnancy than participants who did not use cannabis.


						
From a larger sample of over 2,000 non-pregnant women aged 15-34, researchers identified a subgroup of 936 who didn't want to get pregnant. Within that subgroup, 429 reported heavy drinking (as measured using a standard alcohol screening questionnaire) and 362 reported using cannabis (including 157 who reported daily or almost daily use).

Those who drank heavily and those who used cannabis frequently had a higher overall desire to avoid pregnancy, compared with participants who drank moderately or not at all and participants who did not use cannabis.

Over the course of one year, 71 of the 936 women who most wanted to avoid pregnancy became pregnant. More than half of those undesired pregnancies (38) occurred among those who drank heavily, more than the combined number for those who drank moderately or not at all. In other words, heavy drinking was associated with a higher risk of undesired pregnancy compared with lower levels of drinking.

In contrast, less than half of the 71 undesired pregnancies (28) occurred among people who used cannabis, meaning that those who used cannabis did not show an elevated risk of undesired pregnancy compared with people who did not use cannabis.

Lead author Dr Sarah Raifman, of the University of California, San Francisco, School of Medicine, comments: "This study made two important findings. First, non-pregnant women who drink heavily appear, on average, to have a higher desire to avoid pregnancy than those who drink moderately or not at all. Second, drinking heavily as opposed to moderately or not at all appears to put those who most want to avoid pregnancy at higher risk of becoming pregnant within one year. Finding out why those pregnancies happen is the next step in our research."

"In the meantime, given the potentially life-altering effects of fetal alcohol spectrum disorders (which occur when a fetus is exposed to alcohol through the mother's drinking) and the fact that the risk of FASD increases with the amount and duration of the mother's drinking, it's important for doctors and clinicians to support women who drink heavily to stop drinking as soon as they suspect an unintentional pregnancy."

This study was funded by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (R01-HD108643) and by the National Institute on Alcohol Abuse and Alcoholism (F31AA028988).
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4,000-year-old teeth reveal the earliest human high - Hidden in plaque | ScienceDaily
In south-east Asia, betel nut chewing has been practiced since antiquity. The plants contain compounds that enhance the consumer's alertness, energy, euphoria, and relaxation. Although the practice is becoming less common in modern times, it has been deeply embedded in social and cultural traditions for thousands of years. Chewing betel nuts typically results in dark, reddish-brown to black stained teeth.


						
Yet, teeth without staining may not mean that people didn't chew betel nuts. Now, using a new method, an international team of researchers examined ancient dental plaque from Bronze Age Thailand and found evidence of betel nut chewing.

"We identified plant derivatives in dental calculus from a 4,000-year-old burial at Nong Ratchawat, Thailand," said first author of the Frontiers in Environmental Archaeology study Dr Piyawit Moonkham, an anthropological archaeologist at Chiang Mai University in Thailand. "This is the earliest direct biomolecular evidence of betel nut use in south-east Asia."

"We demonstrate that dental calculus can preserve chemical signatures of psychoactive plant use for millennia, even when conventional archaeological evidence is completely absent," added Dr Shannon Tushingham, the senior author, who is the associate curator of anthropology at the California Academy of Sciences. "In essence, we've developed a way to make the invisible visible -- revealing behaviors and practices that have been lost to time for 4,000 years."

Hidden in plaque

At Nong Ratchawat, an archaeological site in central Thailand that dates back to the Bronze Age, 156 human burials have been unearthed since 2003. For the present study, the team collected 36 dental calculus samples from six individuals.

Back in the lab, they removed tiny amounts of plaque from the samples and the chemical residues found therein underwent analysis. The team also used betel liquid samples they produced themselves to ensure psychoactive compounds could be reliably detected through their analysis and to understand the complex biochemical interactions between ingredients. "We used dried betel nut, pink limestone paste, Piper betel leaves, and sometimes Senegalia catechu bark and tobacco. We ground the ingredients with human saliva to replicate authentic chewing conditions," Moonkham said. "Sourcing materials and experimentally 'chewing' betel nuts to create authentic quid samples was both a fun and interesting process."

The results showed that three of the archaeological samples - all stemming from a molar of the same individual, Burial 11 - contained traces of arecoline and arecaidine. These organic compounds, found in betel nuts but also plants like coffee, tea, and tobacco, have pronounced physiological effects on humans. This suggests that betel nuts were chewed as early as 4,000 years ago in Thailand.




'Archaeologically invisible' proof

"The presence of betel nut compounds in dental calculus does suggest repeated consumption, as these residues become incorporated into mineralized plaque deposits over time through regular exposure," explained Tushingham. Accordingly, the absence of tooth-staining raises questions. It could be the result of different consumption methods, the team pointed out. It could also be due to post-consumption teeth cleaning practices, or post-mortem processes affecting stain preservation over 4,000 years.

While traces of betel nut chewing were found in samples from only one individual, there is currently no proof that Burial 11 received special treatment or was of elevated social status or unique ritual significance compared to the other burials at Nong Ratchawat. The presence of stone beads as grave goods, however, could provide hints as to the individual's identity or lived experience. Studying more individuals at Nong Ratchawat and other local sites to learn when and to whom such grave goods were given could provide valuable evidence, the team said.

The methods the researchers applied can be used to examine the remaining burials at Nong Ratchawat and at other sites, they said. "Dental calculus analysis can reveal behaviors that leave no traditional archaeological traces, potentially revolutionizing our understanding of ancient lifeways and human-plant relationships," Tushingham said. "It could open new windows into the deep history of human cultural practices."

"Understanding the cultural context of traditional plant use is a larger theme we want to amplify -- psychoactive, medicinal, and ceremonial plants are often dismissed as drugs, but they represent millennia of cultural knowledge, spiritual practice, and community identity," Moonkham concluded. "Archaeological evidence can inform contemporary discussions by honoring the deep cultural heritage behind these practices."
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Reversing Alzheimer's damage: Two cancer drugs demonstrate surprising power | ScienceDaily
Scientists at UC San Francisco and Gladstone Institutes have identified cancer drugs that promise to reverse the changes that occur in the brain during Alzheimer's, potentially slowing or even reversing its symptoms.


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

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

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

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

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

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




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

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

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

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

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

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




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

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

A combination therapy poised for primetime 

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

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

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

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

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

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

Funding: This study was supported by the National Institute on Aging (R01AG060393, R01AG057683, RF1AG076647, R01AG078164, and P01AG073082), the National Science Foundation (2034836), and the Dolby Family Fund.
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Fat melts away, but so does muscle: What Ozempic users need to know | ScienceDaily
Popular GLP-1 drugs help many people drop tremendous amounts of weight, but the drugs fail to provide a key improvement in heart and lung function essential for long-term good health, University of Virginia experts warn in a new paper.


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

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

About GLP-1 Drugs

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

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

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




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

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

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

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

Ensuring Healthy Weight Loss

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




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

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

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

Findings Published

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


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

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

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

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

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

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




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

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

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

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

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

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


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

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

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

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

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

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




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

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

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

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

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

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


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

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

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

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

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

A cool amplifier discovery

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




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

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

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

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

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

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




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

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

"In summer, I love walking along Lake Michigan and having a gentle breeze hit my face. I feel very cool, very comfortable," Duan said. "But the winter is really terrible for me."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250730030354.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The 0.05% RNA Process That Makes Cancer Self-Destruct | ScienceDaily
Australian researchers have discovered a promising new strategy to suppress the growth of aggressive and hard-to-treat cancers by targeting a specialized molecular process known as 'minor splicing'.


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

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

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

Why minor splicing matters 

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

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




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

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

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

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

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

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




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

Striking result reveals path towards new treatments 

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

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

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

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

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

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

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

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

Drug discovery collaboration 

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

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

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

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

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

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

The study, "Inhibition of the minor spliceosome restricts the growth of a broad spectrum of cancers," is published in EMBO Reports.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250730030352.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The pandemic's secret aftershock: Inside the gut-brain breakdown | ScienceDaily
A new international study confirmed a significant post-pandemic rise in disorders of gut-brain interaction, including irritable bowel syndrome (IBS) and functional dyspepsia, according to the paper published in Clinical Gastroenterology and Hepatology. 


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

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

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

Irritable bowel syndrome

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

Functional dyspepsia

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


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

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

A new modulatory pathway

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

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

An unexpected receptor

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




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

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

Implications for perception and disorders

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


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

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

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

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

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

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

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

This chip system has potential applications beyond viral infections, and could be used to enhance personalized medicine by enabling the use of patient-specific iPSCs to study other conditions as well.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250729231246.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Your sleep schedule could be making you sick, says massive new study | ScienceDaily

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

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

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

The team confirmed several associations in U.S. populations and identified inflammatory pathways as a possible biological link. Future research will explore causality and assess the impact of sleep interventions on chronic disease outcomes.
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Columbia scientists turn yogurt into a healing gel that mimics human tissue | ScienceDaily
Researchers from Columbia Engineering have established a framework for the design of bioactive injectable hydrogels formulated with extracellular vesicles (EVs) for tissue engineering and regenerative medicine applications.


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

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

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

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

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

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

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


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

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

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

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

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

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


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

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

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

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

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

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




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

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

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

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

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

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

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

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

The research was supported by the Medical Research Council and Wellcome, with additional support from the National Institute for Health and Care Research Cambridge Biomedical Research Centre.
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        Scientists just recreated the Universe's first molecule and solved a 13-billion-year-old puzzle
        Long before stars lit up the sky, the universe was a hot, dense place where simple chemistry quietly set the stage for everything to come. Scientists have now recreated the first molecule ever to form, helium hydride, and discovered it played a much bigger role in the birth of stars than we thought. Using a special ultra-cold lab setup, they mimicked conditions from over 13 billion years ago and found that this ancient molecule helped cool the universe just enough for stars to ignite. Their findi...

      

      
        Ultra-hot Jupiter in death spiral may reveal how rocky worlds are born
        A massive, fast-orbiting planet is inching closer to its star, and scientists now have direct evidence of its impending demise. It could disintegrate, burn up, or be stripped bare, offering rare clues into how planetary systems evolve.

      

      
        Underground life on Mars? Cosmic rays could make it possible
        Cosmic rays from deep space might be the secret energy source that allows life to exist underground on Mars and icy moons like Enceladus and Europa. New research reveals that when these rays interact with water or ice below the surface, they release energy-carrying electrons that could feed microscopic life, a process known as radiolysis. This breakthrough suggests that life doesn't need sunlight or heat, just some buried water and radiation.

      

      
        This new titanium alloy is 29% cheaper, and even stronger
        A team of engineers at RMIT University has developed a groundbreaking 3D-printed titanium alloy that s stronger, more ductile, and nearly 30% cheaper to produce than the traditional standard. By replacing expensive vanadium with more accessible elements and rethinking how titanium alloys are designed, the team created a material with improved performance and more uniform microstructure key factors for aerospace and medical applications.

      

      
        Scientists unveil bioplastic that degrades at room temperature, and outperforms petroplastics
        Plastic pollution is a mounting global issue, but scientists at Washington University in St. Louis have taken a bold step forward by creating a new bioplastic inspired by the structure of leaves. Their innovation, LEAFF, enhances strength, functionality, and biodegradability by utilizing cellulose nanofibers, outperforming even traditional plastics. It degrades at room temperature, can be printed on, and resists air and water, offering a game-changing solution for sustainable packaging.

      

      
        Astronomers detect life's building blocks around a young star
        Astronomers using ALMA have discovered complex organic molecules, including potential precursors to life's building blocks, in the protoplanetary disc of a young star, V883 Orionis. This finding offers a tantalizing glimpse into how life-friendly chemistry may be far more widespread and inherited than previously thought.

      

      
        Ghost star's planet orbits backward in a bizarre stellar system
        A bizarre planet defies cosmic norms: scientists have confirmed a giant planet orbiting in reverse around one star in a close binary system--an arrangement previously thought impossible. Using advanced tools, they discovered the companion star is a faint white dwarf that lost most of its mass billions of years ago. The team now believes this planet may be a rare second-generation world, born from or captured by the debris of its dying stellar neighbor. This find challenges traditional models of pl...

      

      
        NASA's Parker Solar Probe finds hidden barrier that explains the sun's mysterious heat
        NASA's Parker Solar Probe has flown closer to the Sun than ever before, offering the first direct glimpse into the turbulent solar atmosphere. Scientists have discovered that a phenomenon called the "helicity barrier" disrupts the way energy is transformed into heat, solving a major puzzle in how the Sun's corona gets so hot and the solar wind accelerates. This breakthrough helps explain why solar wind protons are hotter than electrons and may also reveal how energy dissipates in other distant co...

      

      
        AI just found 5 powerful materials that could replace lithium batteries
        AI is helping scientists crack the code on next-gen batteries that could replace lithium-ion tech. By discovering novel porous materials, researchers may have paved the way for more powerful and sustainable energy storage using abundant elements like magnesium.

      

      
        Scientists finally solve the mystery of what triggers lightning
        A Penn State-led research team has unraveled the long-standing mystery of how lightning begins inside thunderclouds. Their findings offer the first quantitative, physics-based explanation for lightning initiation--and a glimpse into the stormy heart of Earth's atmosphere.

      

      
        Black holes don't just swallow light, they sing. And we just learned the tune
        Using a powerful mathematical tool, scientists have unveiled the intricate "ringing" of black holes, unlocking patterns missed for decades and laying the groundwork for sharper gravitational wave measurements.

      

      
        Rutgers physicists just discovered a strange new state of matter
        At the edge of two exotic materials, scientists have discovered a new state of matter called a "quantum liquid crystal" that behaves unlike anything we've seen before. When a conductive Weyl semimetal and a magnetic spin ice meet under a powerful magnetic field, strange and exciting quantum behavior emerges--electrons flow in odd directions and break traditional symmetry. These findings could open doors to creating ultra-sensitive quantum sensors and exploring exotic states of matter in extreme en...

      

      
        After 50 years, scientists finally catch elusive neutrinos near a reactor
        A tiny 3 kg detector has made a huge leap in neutrino science by detecting rare CEvNS interactions at a Swiss reactor. This elusive effect, long predicted and hard to measure, was captured with unprecedented clarity. The achievement could kick off a new era of compact, mobile neutrino detectors with powerful applications.

      

      
        Forget the Big Bang: Gravitational waves may have really created the Universe
        A team of scientists has proposed a groundbreaking new theory on the Universe's origins, offering a fresh, radical take on the Big Bang's early moments. Unlike the widely accepted inflationary model, which involves speculative assumptions, the new model starts with the established concept of De Sitter space, aligning with dark energy observations. The scientists believe gravitational waves--ripples in space-time--were the key to seeding the formation of galaxies and cosmic structure, eliminating th...

      

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

      

      
        What happens when light smashes into itself? Scientists just found out
        Physicists have discovered that when beams of light interact at the quantum level, they can generate ghost-like particles that briefly emerge from nothing and affect real matter. This rare phenomenon, known as light-on-light scattering, challenges the classical idea that light waves pass through each other untouched.

      

      
        This spectrometer is smaller than a pixel, and it sees what we can't
        Researchers have successfully demonstrated a spectrometer that is orders of magnitude smaller than current technologies and can accurately measure wavelengths of light from ultraviolet to the near-infrared. The technology makes it possible to create hand-held spectroscopy devices and holds promise for the development of devices that incorporate an array of the new sensors to serve as next-generation imaging spectrometers.

      

      
        Einstein was wrong: MIT just settled a 100-year quantum debate
        Physicists at MIT recreated the double-slit experiment using individual photons and atoms held in laser light, uncovering the true limits of light's wave-particle duality. Their results proved Einstein's proposal wrong and confirmed a core prediction of quantum mechanics.

      

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

      

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

      

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

      

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

      

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

      

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

      

      
        Scientists just cracked the cryptographic code behind quantum supremacy
        Quantum computing may one day outperform classical machines in solving certain complex problems, but when and how this "quantum advantage" emerges has remained unclear. Now, researchers from Kyoto University have linked this advantage to cryptographic puzzles, showing that the same conditions that allow secure quantum cryptography also define when quantum computing outpaces classical methods.
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Scientists just recreated the Universe's first molecule and solved a 13-billion-year-old puzzle | ScienceDaily
Immediately after the Big Bang, which occurred around 13.8 billion years ago, the universe was dominated by unimaginably high temperatures and densities. However, after just a few seconds, it had cooled down enough for the first elements to form, primarily hydrogen and helium. These were still completely ionized at this point, as it took almost 380,000 years for the temperature in the universe to drop enough for neutral atoms to form through recombination with free electrons. This paved the way for the first chemical reactions.


						
The oldest molecule in existence is the helium hydride ion (HeH+), formed from a neutral helium atom and an ionized hydrogen nucleus. This marks the beginning of a chain reaction that leads to the formation of molecular hydrogen (H2), which is by far the most common molecule in the universe.

Recombination was followed by the 'dark age' of cosmology: although the universe was now transparent due to the binding of free electrons, there were still no light-emitting objects, such as stars. Several hundred million years passed before the first stars formed.

During this early phase of the universe, however, simple molecules such as HeH+ and H2 were essential to the formation of the first stars. In order for the contracting gas cloud of a protostar to collapse to the point where nuclear fusion can begin, heat must be dissipated. This occurs through collisions that excite atoms and molecules, which then emit this energy in the form of photons. Below approximately 10,000 degrees Celsius, however, this process becomes ineffective for the dominant hydrogen atoms. Further cooling can only take place via molecules that can emit additional energy through rotation and vibration. Due to its pronounced dipole moment, the HeH+ ion is particularly effective at these low temperatures and has long been considered a potentially important candidate for cooling in the formation of the first stars. Consequently, the concentration of helium hydride ions in the universe may significantly impact the effectiveness of early star formation.

During this period, collisions with free hydrogen atoms were a major degradation pathway for HeH+, forming a neutral helium atom and an H2+ ion. These subsequently reacted with another H atom to form a neutral H2 molecule and a proton, leading to the formation of molecular hydrogen.

Researchers at the Max-Planck-Institut fur Kernphysik (MPIK) in Heidelberg have now successfully recreated this reaction under conditions similar to those in the early universe for the first time. They investigated the reaction of HeH+ with deuterium, an isotope of hydrogen containing an additional neutron in the atomic nucleus alongside a proton. When HeH+ reacts with deuterium, an HD+ ion is formed instead of H2+, alongside the neutral helium atom.

The experiment was carried out at the Cryogenic Storage Ring (CSR) at the MPIK in Heidelberg -- a globally unique instrument for investigating molecular and atomic reactions under space-like conditions. For this purpose, HeH+ ions were stored in the 35-metre-diameter ion storage ring for up to 60 seconds at a few kelvins (-267 degC), and were superimposed with a beam of neutral deuterium atoms. By adjusting the relative speeds of the two particle beams, the scientists were able to study how the collision rate varies with collision energy, which is directly related to temperature.

They found that, contrary to earlier predictions, the rate at which this reaction proceeds does not slow down with decreasing temperature, but remains almost constant. "Previous theories predicted a significant decrease in the reaction probability at low temperatures, but we were unable to verify this in either the experiment or new theoretical calculations by our colleagues," explains Dr Holger Kreckel from the MPIK. 'The reactions of HeH+ with neutral hydrogen and deuterium therefore appear to have been far more important for chemistry in the early universe than previously assumed,' he continues. This observation is consistent with the findings of a group of theoretical physicists led by Yohann Scribano, who identified an error in the calculation of the potential surface used in all previous calculations for this reaction. The new calculations using the improved potential surface now align closely with the CSR experiment.

Since the concentrations of molecules such as HeH+ and molecular hydrogen (H2 or HD) played an important role in the formation of the first stars, this result brings us closer to solving the mystery of their formation.
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Ultra-hot Jupiter in death spiral may reveal how rocky worlds are born | ScienceDaily
Macquarie University astronomers have tracked an extreme planet's orbital decay, confirming it is spiralling towards its star in a cosmic death dance that could end in three possible ways.


						
The ultra-hot Jupiter exoplanet TOI-2109b, located 870 light-years from Earth, completes an orbit around its star in just 16 hours - making it the closest hot Jupiter ever discovered.

With a mass nearly five times that of Jupiter and almost twice Jupiter's size, TOI-2109b orbits even closer to its star than Mercury does to our Sun.

"Just to put it into context - Mercury's mass is almost 6,000 times smaller than Jupiter, but it still takes 88 days to orbit our Sun. For a huge gas giant such as TOI-2109b to fully orbit in 16 hours - it tells us that this is a planet located super-close to its star," says Dr Jaime A. Alvarado-Montes, a Macquarie Research Fellow who led the international study published on July 15 in The Astrophysical Journal.

By analysing transit timing data from multiple ground-based telescopes, NASA's TESS mission and the European Space Agency's CHEOPS satellite spanning 2010 to 2024, the team detected subtle changes in the planet's orbit.

Both theoretical models and observations independently calculated that the planet's orbital period would decrease by at least 10 seconds over the next three years - confirming the planet may be spiralling towards its star.

The researchers identified three possible fates for TOI-2109b: it could be torn apart by tidal forces, plunge directly into its star, or have its gaseous envelope stripped away by intense radiation, leaving only a rocky core.

"This planet and its interesting situation could help us figure out some mysterious astronomical phenomena that so far we really don't have much evidence to explain," Dr Alvarado-Montes says. "It could tell us the story of many other solar systems."

The findings suggest some rocky planets in other solar systems might be the stripped cores of former gas giants - a possibility that could reshape our understanding of planetary evolution.

With continued monitoring over the next three to five years, astronomers will detect the predicted orbital changes, providing real-time observation of a planetary system in its death throes.
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Underground life on Mars? Cosmic rays could make it possible | ScienceDaily
A new study from NYU Abu Dhabi has found that high-energy particles from space, known as cosmic rays, could create the energy needed to support life underground on planets and moons in our solar system.


						
The research shows that cosmic rays may not only be harmless in certain environments but could actually help microscopic life survive. These findings challenge the traditional view that life can only exist near sunlight or volcanic heat. Published in the International Journal of Astrobiology, the study is led by the Principal Investigator of the Space Exploration Laboratory at NYUAD's Center for Astrophysics and Space Science (CASS), Dimitra Atri.

The team focused on what happens when cosmic rays hit water or ice underground. The impact breaks water molecules apart and releases tiny particles called electrons. Some bacteria on Earth can use these electrons for energy, similar to how plants use sunlight. This process is called radiolysis, and it can power life even in dark, cold environments with no sunlight.

Using computer simulations, the researchers studied how much energy this process could produce on Mars and on the icy moons of Jupiter and Saturn. These moons, which are covered in thick layers of ice, are believed to have water hidden below their surfaces. The study found that Saturn's icy moon Enceladus had the most potential to support life in this way, followed by Mars, and then Jupiter's moon Europa.

"This discovery changes the way we think about where life might exist," said Atri. "Instead of looking only for warm planets with sunlight, we can now consider places that are cold and dark, as long as they have some water beneath the surface and are exposed to cosmic rays. Life might be able to survive in more places than we ever imagined."

The study introduces a new idea called the Radiolytic Habitable Zone. Unlike the traditional "Goldilocks Zone" -- the area around a star where a planet could have liquid water on its surface -- this new zone focuses on places where water exists underground and can be energized by cosmic radiation. Since cosmic rays are found throughout space, this could mean there are many more places in the universe where life could exist.

The findings provide new guidance for future space missions. Instead of only looking for signs of life on the surface, scientists might also explore underground environments on Mars and the icy moons, using tools that can detect chemical energy created by cosmic radiation.

This research opens up exciting new possibilities in the search for life beyond Earth and suggests that even the darkest, coldest places in the solar system could have the right conditions for life to survive.
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This new titanium alloy is 29% cheaper, and even stronger | ScienceDaily
Engineers from RMIT University, Australia, have produced a new type of 3D-printed titanium that's about a third cheaper than commonly used titanium alloys.


						
The team used readily available and cheaper alternative materials to replace the increasingly expensive vanadium.

RMIT has filed a provisional patent on their innovative approach, which has also been outlined in Nature Communications, as the team considers commercial opportunities to develop the new low-cost approach for aerospace and medical device industries.

RMIT's Centre for Additive Manufacturing (RCAM) PhD candidate and study lead author Ryan Brooke said testing of their alloy showed improved strength and performance compared to standard 3D-printed titanium alloys (Ti-6Al-4V).

Brooke, who has just accepted a Research Translation Fellowship at RMIT to investigate the next steps of commercialising the technology, said the area of 3D-printed titanium alloys was ripe for innovations.

"3D printing allows faster, less wasteful and more tailorable production yet we're still relying on legacy alloys like Ti-6Al-4V that doesn't allow full capitalisation of this potential. It's like we've created an aeroplane and are still just driving it around the streets," he said.

"New types of titanium and other alloys will allow us to really push the boundaries of what's possible with 3D printing and the framework for designing new alloys outlined in our study is a significant step in that direction."

The latest study outlines a time- and cost-saving method to select elements for alloying, to take advantage of emerging 3D-printing technology.




This work provides a clearer framework for predicting the printed grain structure of metallic alloys in additive manufacturing.

It has already been used to achieve impressive results: the team's alloy, while not presented in the study for commercial reasons, is 29% cheaper to produce than standard titanium.

Through this design framework, the metal also prints more evenly, avoiding the column-shaped microstructures that lead to uneven mechanical properties in some 3D printed alloys.

"By developing a more cost-effective formula that avoids this columnar microstructure, we have solved two key challenges preventing widespread adoption of 3D printing," said Brooke, who recently completed market validation as part of CSIRO's ON Prime program talking to aerospace, automotive and MedTech industry representatives about their needs.

"What I heard loud and clear from end users was that to bring new alloys to market, the benefits have to not just be minor incremental steps but a full leap forward, and that's what we have achieved here," he said.

"We have been able to not only produce titanium alloys with a uniform grain structure, but with reduced costs, while also making it stronger and more ductile."

Study corresponding author Professor Mark Easton said RCAM was focused on creating new collaborations to further develop the technology.




"We are very excited about the prospects of this new alloy, but it requires a team from across the supply chain to make it successful. So, we are looking for partners to provide guidance for the next stages of development," he said.

Samples were produced and tested at RMIT's cutting edge Advanced Manufacturing Precinct.
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Scientists unveil bioplastic that degrades at room temperature, and outperforms petroplastics | ScienceDaily
Society has long struggled with petroleum-derived plastic pollution, and awareness of microplastics' detrimental effects on food and water supplies adds further pressure.


						
In response, researchers have been developing biodegradable versions of traditional plastics, or "bioplastics." However, current bioplastics face challenges as well: Current versions are not as strong as petrochemical-based plastics and they only degrade through a high-temperature composting system.

Enter researchers at Washington University in St. Louis, who have solved both problems with inspiration from the humble leaf. Long before plastic, humans wrapped their food in leaves, which easily biodegrade due to an underlying structure of cellulose-rich cell walls. WashU's chemical engineers decided to introduce cellulose nanofibers to the design of bioplastics.

"We created this multilayer structure where cellulose is in the middle and the bioplastics are on two sides," said Joshua Yuan, the Lucy and Stanley Lopata Professor and chair of energy, environmental and chemical engineering at the McKelvey School of Engineering. Yuan is also director for the National Science Foundation-funded Carbon Utilization Redesign for Biomanufacturing (CURB) Engineering Research Center. "In this way, we created a material that is very strong and that offers multifunctionality," he added.

The technology emerged from working with two of the highest production bioplastics today. In a study published in Green Chemistry earlier this year, Yuan and colleagues used a variation of their leaf-inspired cellulose nanofiber structure to improve the strength and biodegradability of polyhydroxybutrate (PHB), a starch-derived plastic; they further refined their technique for polylactic acid (PLA), as detailed in a new paper just published in Nature Communications.

The plastic packaging market is a $23.5 billion industry dominated by polyethylene and polypropylene, polymers made from petroleum that break down into harmful microplastics. The researchers' optimized bioplastic, called Layered, Ecological, Advanced and multi-Functional Film (LEAFF), turned PLA into a packaging material that is biodegradable at room temperature. Additionally, the structure allows for other critical properties, such as low air or water permeability, helping keep food stable, and a surface that is printable. This improves bioplastics' affordability since it saves manufacturers from printing separate labels for packaging.

"On top of all of this, the LEAFF's underlying cellulose structure gives it a higher tensile strength than even petrochemical plastics like polyethylene and polypropylene," explained Puneet Dhatt, a PhD student in Yuan's lab and first author on the article.




The innovation was in adding that cellulosic structure that WashU's engineers replicated, cellulose fibrils embedded within the bioplastics.

"This unique biomimicking design allows us to address the limitations of bioplastic usage and overcome that technical barrier and allow for broader bioplastic utilization," Yuan said.

Circular economy ready

The United States is uniquely positioned to dominate the bioplastics market and establish a "circular economy" wherein waste products are reused, fed back into systems instead of left to pollute the air and water or sit in landfills.

Yuan hopes this technology can scale up soon and seeks commercial and philanthropic partners to help bring these improved processes to industry. Competitors from Asian and European research institutions also are working to develop similar technology. But U.S. industries have an advantage due to the country's vast agriculture system -- and WashU is near the center of the nation's agrichemical industry.

"The U.S. is particularly strong in agriculture," Yuan said. "We can provide the feedstock for bioplastic production at a lower price compared to other parts of the world."

The "feedstock" Yuan is referring to are chemicals such as lactic acid, acetate or fatty acids like oleate, products of corn or starch fermentation by microbes that serve as bioplastic factories.




Pseudomonas putida, for instance is a microbial strain widely used in the fermentation industry, including to produce a variety of polyhydroxyalkanoates (PHA), including PHB.

McKelvey Engineering researchers have designed ways to convert various wastes, including carbon dioxide, lignin and food waste, into bioplastics using strains such as P. putida. With improved bioplastic design, Yuan's research further fills in that loop, with a version of PHB and PLA that could be produced much more efficiently and degrade safely into the environment.

"The United States has a waste problem, and circular reuse could go a long way to turning that waste into useful materials," Yuan said. "If we can ramp up our bioplastic supply chain, it would create jobs and new markets," he said.

The study "Biomimetic layered, ecological, advanced, multi-functional film for sustainable packaging" was supported by NSF EEC 2330245, NSF MCB 2229160, and U.S. Department of Energy BETO (Bioenergy Technologies Office) Projects.

The study "Integrated design of multifunctional reinforced bioplastics (MReB) to synergistically enhance strength, degradability, and functionality" was supported by NSF MCB 2229160, and U.S. Department of Energy BETO (Bioenergy Technologies Office) projects including EE 0007104, DE EE 0008250, and others.
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Astronomers detect life's building blocks around a young star | ScienceDaily
Using the Atacama Large Millimeter/submillimeter Array (ALMA), a team of astronomers led by Abubakar Fadul from the Max Planck Institute for Astronomy (MPIA) has discovered complex organic molecules - including the first tentative detection of ethylene glycol and glycolonitrile - in the protoplanetary disc of the outbursting protostar V883 Orionis. These compounds are considered precursors to the building blocks of life. Comparing different cosmic environments reveals that the abundance and complexity of such molecules increase from star-forming regions to fully evolved planetary systems. This suggests that the seeds of life are assembled in space and are widespread. The findings were published in the Astrophysical Journal Letters today.


						
Astronomers have discovered complex organic molecules (COMs) in various locations associated with planet and star formation before. COMs are molecules with more than five atoms, at least one of which is carbon. Many of them are considered building blocks of life, such as amino acids and nucleic acids or their precursors. The discovery of 17 COMs in the protoplanetary disc of V883 Orionis, including ethylene glycol and glycolonitrile, provides a long-sought puzzle piece in the evolution of such molecules between the stages preceding and following the formation of stars and their planet-forming discs. Glycolonitrile is a precursor of the amino acids glycine and alanine, as well as the nucleobase adenine.

The assembly of prebiotic molecules begins in interstellar space

"Our finding points to a straight line of chemical enrichment and increasing complexity between interstellar clouds and fully evolved planetary systems," said Abubakar Fadul, MPIA

The transition from a cold protostar to a young star surrounded by a disc of dust and gas is accompanied by a violent phase of shocked gas, intense radiation and rapid gas ejection.

Such energetic processes might destroy most of the complex chemistry assembled during the previous stages. Therefore, scientists had laid out a so-called 'reset' scenario, in which most of the chemical compounds required to evolve into life would have to be reproduced in circumstellar discs while forming comets, asteroids, and planets.

"Now it appears the opposite is true," MPIA scientist and co-author Kamber Schwarz points out. "Our results suggest that protoplanetary discs inherit complex molecules from earlier stages, and the formation of complex molecules can continue during the protoplanetary disc stage." Indeed, the period between the energetic protostellar phase and the establishment of a protoplanetary disk would, on its own, be too short for COMs to form in detectable amounts.




As a result, the conditions that predefine biological processes may be widespread rather than being restricted to individual planetary systems.

Astronomers have found the simplest organic molecules, such as methanol, in dense regions of dust and gas that predate the formation of stars. Under favourable conditions, they may even contain complex compounds comprising ethylene glycol, one of the species now discovered in V883 Orionis. "We recently found ethylene glycol could form by UV irradiation of ethanolamine, a molecule that was recently discovered in space," adds Tushar Suhasaria, a co-author and the head of MPIA's Origins of Life Lab. "This finding supports the idea that ethylene glycol could form in those environments but also in later stages of molecular evolution, where UV irradiation is dominant."

More evolved agents crucial to biology, such as amino acids, sugars, and nucleobases that make up DNA and RNA, are present in asteroids, meteorites, and comets within the Solar System.

Buried in ice - resurfaced by stars

The chemical reactions that synthesize those COMs occur under cold conditions, preferably on icy dust grains that later coagulate to form larger objects. Hidden in those mixtures of rock, dust, and ice, they usually remain undetected. Accessing those molecules is only possible either by digging for them with space probes or by external heating, which evaporates the ice.

In the Solar System, the Sun heats comets, resulting in impressive tails of gas and dust, or comas, essentially gaseous envelopes that surround the cometary nuclei. This way, spectroscopy - the rainbow-like dissection of light - may pick up the emissions of freed molecules. Those spectral fingerprints help astronomers to identify the molecules previously buried in ice.




A similar heating process is occurring in the V883 Orionis system. The central star is still growing by accumulating gas from the surrounding disc until it eventually ignites the fusion fire in its core. During those growth periods, the infalling gas heats up and produces intense outbursts of radiation. "These outbursts are strong enough to heat the surrounding disc as far as otherwise icy environments, releasing the chemicals we have detected," explains Fadul.

"Complex molecules, including ethylene glycol and glycolonitrile, radiate at radio frequencies. ALMA is perfectly suited to detect those signals," says Schwarz. The MPIA astronomers were awarded access to this radio interferometer through the European Southern Observatory (ESO), which operates it in the Chilean Atacama Desert at an altitude of 5,000 metres. ALMA enabled the astronomers to pinpoint the V883 Orionis system and search for faint spectral signatures, which ultimately led to the detections.

Further challenges ahead

"While this result is exciting, we still haven't disentangled all the signatures we found in our spectra," says Schwarz. "Higher resolution data will confirm the detections of ethylene glycol and glycolonitril and maybe even reveal more complex chemicals we simply haven't identified yet."

"Perhaps we also need to look at other regions of the electromagnetic spectrum to find even more evolved molecules," Fadul points out. "Who knows what else we might discover?"

Additional information

The MPIA team involved in this study comprised Abubakar Fadul, Kamber Schwarz, and Tushar Suhasaria.

Other researchers were Jenny K. Calahan (Center for Astrophysics -- Harvard & Smithsonian, Cambridge, USA), Jane Huang (Department of Astronomy, Columbia University, New York, USA), and Merel L. R. van 't Hoff (Department of Physics and Astronomy, Purdue University, West Lafayette, USA).

The Atacama Large Millimeter/submillimeter Array (ALMA), an international astronomy facility, is a partnership of the European Southern Observatory (ESO), the U.S. National Science Foundation (NSF) and the National Institutes of Natural Sciences (NINS) of Japan in cooperation with the Republic of Chile. ALMA is funded by ESO on behalf of its Member States, by NSF in cooperation with the National Research Council of Canada (NRC) and the National Science and Technology Council (NSTC) in Taiwan and by NINS in cooperation with the Academia Sinica (AS) in Taiwan and the Korea Astronomy and Space Science Institute (KASI). ALMA construction and operations are led by ESO on behalf of its Member States; by the National Radio Astronomy Observatory (NRAO), managed by Associated Universities, Inc. (AUI), on behalf of North America; and by the National Astronomical Observatory of Japan (NAOJ) on behalf of East Asia. The Joint ALMA Observatory (JAO) provides the unified leadership and management of the construction, commissioning, and operation of ALMA.
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Ghost star's planet orbits backward in a bizarre stellar system | ScienceDaily
Most stars in the Universe exist in binary or multiple star systems, where the presence of close-in companion stars in such systems can adversely influence the formation and orbital stability of planets around one of the stars. An international team of astrophysicists led by Professor Man Hoi LEE from the Department of Earth Sciences and the Department of Physics at The University of Hong Kong (HKU) and Mr Ho Wan Cheng, an MPhil student in his team, has confirmed the existence of a planet in an unprecedented retrograde orbit (moving in the opposite direction to the binary's orbit) in the nu Octantis (nu Octantis) binary star system and revealed the role of binary star evolution in the origin of this planet. The findings have been published in the journal Nature.


						
nu Octantis is a tight binary star system comprising a primary subgiant star, nu Oct A, with about 1.6 times the mass of the Sun, and a secondary star, nu Oct B, with about half the mass of the Sun. The two stars orbit each other with a period of 1,050 days.

An additional periodic signal in the radial velocity observations (measurements of how a star moves towards or away from us) of this system was first reported by Dr David Ramm, a co-author of this new paper, during his PhD studies at the University of Canterbury, New Zealand, in 2004. This signal was consistent with the presence of a Jovian planet of about twice the mass of Jupiter orbiting around the primary star, nu Oct A, with a period of about 400 days. However, the existence of this planet has been controversial because its orbit would be so wide that it could only remain stable if it were retrograde and moved in the opposite direction to the orbit of the binary. There were no observational precedents for such a planet and strong theoretical grounds against its formation.

To settle the debate, the research team obtained new high-precision radial velocity observations using the European Southern Observatory (ESO)'s HARPS spectrograph, which confirmed the existence of the planet signal. "We performed an analysis of the new and archival radial velocity data spanning 18 years and found stable fits that require the planetary orbit to be retrograde and nearly in the same plane as the binary orbit," said Mr Ho Wan Cheng, the first author of the paper.

Another key focus of the new study was the determination of the nature of the secondary star nu Oct B. The mass of nu Oct B suggests that it could be either a low-mass main-sequence star or a white dwarf. All stars spend most of their lives on the main sequence, generating energy through nuclear fusion of hydrogen to helium in their core. After a star has exhausted its nuclear fuel, its core collapses into a stellar remnant, which would be a white dwarf if the star's initial mass is less than several times that of the Sun. A white dwarf has a mass comparable to that of the Sun packed in an Earth-sized volume.

To identify which type of star nu Oct B is, the research team used the adaptive optics imaging instrument SPHERE at ESO's Very Large Telescope to observe the system. The fact that nu Oct B was not detected in these observations indicated that it must be a very faint white dwarf. This suggests that the binary system has evolved significantly since its formation, as nu Oct B has already ejected most of its mass and entered the final stage of its stellar evolution.

The research team looked into the possible primordial configurations of the binary -- that is, the initial masses of the two stars and the initial orbit of the binary. "We found that the system is about 2.9 billion years old and that nu Oct B was initially about 2.4 times the mass of the Sun and evolved to a white dwarf about 2 billion years ago," said Cheng. "Our analysis showed that the planet could not have formed around nu Oct A at the same time as the stars."

The discovery that nu Oct B is a white dwarf opens new possibilities for how the retrograde planet may have originated. "When nu Oct B evolved into a white dwarf about 2 billion years ago, the planet could have formed in a retrograde disc of material around nu Oct A accreted from the mass ejected by nu Oct B, or it could be captured from a prograde orbit around the binary into a retrograde orbit around nu Oct A," explained Professor Man Hoi LEE.

"We might be witnessing the first compelling case of a second-generation planet; either captured, or formed from material expelled by nu Oct B, which lost more than 75% of its primordial mass to become a white dwarf," added Dr Trifon TRIFONOV of Zentrum fur Astronomie der Universitat Heidelberg in Germany and Sofia University St. Kliment Ohridski in Bulgaria and a co-author of the paper.

"The key to this exciting discovery was the use of several complementary methods to characterise the system in its entirety," said PD Dr Sabine REFFERT of Zentrum fur Astronomie der Universitat Heidelberg and another co-author of the paper.

As astronomers continue to search for planets in different environments, this study highlights that planets in tight binary systems with evolved stellar components could offer unique insights into the formation and evolution of planets.

This research uses two facilities operated by the European Southern Observatory (ESO), namely the High Accuracy Radial Velocity Planet Searcher (HARPS) spectrograph at the ESO La Silla 3.6-metre telescope and the Spectro-Polarimetric High-contrast Exoplanet Research (SPHERE) instrument at the Very Large Telescope.
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NASA's Parker Solar Probe finds hidden barrier that explains the sun's mysterious heat | ScienceDaily
The solar atmosphere, or corona, is far hotter than the Sun's surface, a paradox that has puzzled scientists for decades. Furthermore, the constant outflow of plasma and magnetic fields from the Sun, known as the solar wind, is accelerated to incredible speeds. Turbulent dissipation - the process by which mechanical energy is converted into heat - is believed to play a crucial role in both these phenomena. However, in the near-Sun environment, where plasma is largely collisionless, the exact mechanisms of this dissipation have remained elusive.


						
This new study leverages data from NASA's Parker Solar Probe, which has become the closest spacecraft to the Sun, flying directly through the solar atmosphere. This unprecedented proximity allowed researchers to directly explore this extreme environment for the first time, providing critical data to unravel these mysteries.

The paper presents compelling evidence that the "helicity barrier" is active and profoundly alters the nature of turbulent dissipation. This effect, previously theorized, creates a barrier to the turbulent cascade of energy at small scales, fundamentally changing how fluctuations dissipate and thus how the plasma is heated.

Jack McIntyre, PhD student and the lead author of the study from Queen Mary University of London, commented: "This result is exciting because, by confirming the presence of the 'helicity barrier', we can account for properties of the solar wind that were previously unexplained, including that its protons are typically hotter than its electrons. By improving our understanding of turbulent dissipation, it could also have important implications for other systems in astrophysics."

The research team also identified the specific conditions under which this barrier occurs. They found that the helicity barrier becomes fully developed when the magnetic field strength becomes large compared to the pressure in the plasma and becomes increasingly prominent when the imbalance between the oppositely propagating plasma waves that make up the turbulence is greater. Critically, these conditions are frequently met in the solar wind close to the Sun, where Parker Solar Probe is now exploring, meaning that this effect should be widespread.

Dr Christopher Chen, Reader in Space Plasma Physics at Queen Mary University of London and McIntyre's supervisor, added: "This paper is important as it provides clear evidence for the presence of the helicity barrier, which answers some long-standing questions about coronal heating and solar wind acceleration, such as the temperature signatures seen in the solar atmosphere, and the variability of different solar wind streams. This allows us to better understand the fundamental physics of turbulent dissipation, the connection between small-scale physics and the global properties of the heliosphere, and make better predictions for space weather."

The implications of this discovery extend beyond our own star, as many hot, diffuse astrophysical plasmas in the universe are also collisionless. Understanding how energy dissipates into heat in these environments has broad consequences for astrophysics. The direct observation of the helicity barrier in the solar wind provides a unique natural laboratory to study these complex processes.
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AI just found 5 powerful materials that could replace lithium batteries | ScienceDaily
Researchers from New Jersey Institute of Technology (NJIT) have used artificial intelligence to tackle a critical problem facing the future of energy storage: finding affordable, sustainable alternatives to lithium-ion batteries.


						
In research published in Cell Reports Physical Science, the NJIT team led by Professor Dibakar Datta successfully applied generative AI techniques to rapidly discover new porous materials capable of revolutionizing multivalent-ion batteries. These batteries, using abundant elements like magnesium, calcium, aluminum and zinc, offer a promising, cost-effective alternative to lithium-ion batteries, which face global supply challenges and sustainability issues.

Unlike traditional lithium-ion batteries, which rely on lithium ions that carry just a single positive charge, multivalent-ion batteries use elements whose ions carry two or even three positive charges. This means multivalent-ion batteries can potentially store significantly more energy, making them highly attractive for future energy storage solutions.

However, the larger size and greater electrical charge of multivalent ions make them challenging to accommodate efficiently in battery materials -- an obstacle that the NJIT team's new AI-driven research directly addresses.

"One of the biggest hurdles wasn't a lack of promising battery chemistries -- it was the sheer impossibility of testing millions of material combinations," Datta said. "We turned to generative AI as a fast, systematic way to sift through that vast landscape and spot the few structures that could truly make multivalent batteries practical.

"This approach allows us to quickly explore thousands of potential candidates, dramatically speeding up the search for more efficient and sustainable alternatives to lithium-ion technology."

To overcome these hurdles, the NJIT team developed a novel dual-AI approach: a Crystal Diffusion Variational Autoencoder (CDVAE) and a finely tuned Large Language Model (LLM). Together, these AI tools rapidly explored thousands of new crystal structures, something previously impossible using traditional laboratory experiments.




The CDVAE model was trained on vast datasets of known crystal structures, enabling it to propose completely novel materials with diverse structural possibilities. Meanwhile, the LLM was tuned to zero in on materials closest to thermodynamic stability, crucial for practical synthesis.

"Our AI tools dramatically accelerated the discovery process, which uncovered five entirely new porous transition metal oxide structures that show remarkable promise," said Datta. "These materials have large, open channels ideal for moving these bulky multivalent ions quickly and safely, a critical breakthrough for next-generation batteries."

The team validated their AI-generated structures using quantum mechanical simulations and stability tests, confirming that the materials could indeed be synthesized experimentally and hold great potential for real-world applications.

Datta emphasized the broader implications of their AI-driven approach: "This is more than just discovering new battery materials -- it's about establishing a rapid, scalable method to explore any advanced materials, from electronics to clean energy solutions, without extensive trial and error."

With these encouraging results, Datta and his colleagues plan to collaborate with experimental labs to synthesize and test their AI-designed materials, pushing the boundaries further towards commercially viable multivalent-ion batteries.
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Scientists finally solve the mystery of what triggers lightning | ScienceDaily
Though scientists have long understood how lightning strikes, the precise atmospheric events that trigger it within thunderclouds remained a perplexing mystery. The mystery may be solved, thanks to a team of researchers led by Victor Pasko, professor of electrical engineering in the Penn State School of Electrical Engineering and Computer Science, that has revealed the powerful chain reaction that triggers lightning.


						
In the study published on July 28 in the Journal of Geophysical Research, the authors described how they determined strong electric fields in thunderclouds accelerate electrons that crash into molecules like nitrogen and oxygen, producing X-rays and initiating a deluge of additional electrons and high-energy photons -- the perfect storm from which lightning bolts are born.

"Our findings provide the first precise, quantitative explanation for how lightning initiates in nature," Pasko said. "It connects the dots between X-rays, electric fields and the physics of electron avalanches."

The team used mathematical modeling to confirm and explain field observations of photoelectric phenomena in Earth's atmosphere -- when relativistic energy electrons, which are seeded by cosmic rays entering the atmosphere from outer space, multiply in thunderstorm electric fields and emit brief high-energy photon bursts. This phenomenon, known as a terrestrial gamma-ray flash, comprises the invisible, naturally occurring bursts of X-rays and accompanying radio emissions.

"By simulating conditions with our model that replicated the conditions observed in the field, we offered a complete explanation for the X-rays and radio emissions that are present within thunderclouds," Pasko said. "We demonstrated how electrons, accelerated by strong electric fields in thunderclouds, produce X-rays as they collide with air molecules like nitrogen and oxygen, and create an avalanche of electrons that produce high-energy photons that initiate lightning."

Zaid Pervez, a doctoral student in electrical engineering, used the model to match field observations -- collected by other research groups using ground-based sensors, satellites and high-altitude spy planes -- to the conditions in the simulated thunderclouds.

"We explained how photoelectric events occur, what conditions need to be in thunderclouds to initiate the cascade of electrons, and what is causing the wide variety of radio signals that we observe in clouds all prior to a lightning strike," Pervez said. "To confirm our explanation on lightning initiation, I compared our results to previous modeling, observation studies and my own work on a type of lightning called compact intercloud discharges, which usually occur in small, localized regions in thunderclouds."

Published by Pasko and his collaborators in 2023, the model, Photoelectric Feedback Discharge, simulates physical conditions in which a lightning bolt is likely to originate. The equations used to create the model are available in the paper for other researchers to use in their own work.




In addition to uncovering lightning initiation, the researchers explained why terrestrial gamma-ray flashes are often produced without flashes of light and radio bursts, which are familiar signatures of lightning during stormy weather.

"In our modeling, the high-energy X-rays produced by relativistic electron avalanches generate new seed electrons driven by the photoelectric effect in air, rapidly amplifying these avalanches," Pasko said. "In addition to being produced in very compact volumes, this runaway chain reaction can occur with highly variable strength, often leading to detectable levels of X-rays, while accompanied by very weak optical and radio emissions. This explains why these gamma-ray flashes can emerge from source regions that appear optically dim and radio silent."

In addition to Pasko and Pervez, the co-authors include Sebastien Celestin, professor of physics at the University of Orleans, France; Anne Bourdon, director of research at Ecole Polytechnique, France; Reza Janalizadeh, ionosphere scientist at NASA Goddard Space Flight Center and former postdoctoral scholar under Pasko at Penn State; Jaroslav Jansky, assistant professor of electrical engineering and communication at Brno University of Technology, Czech Republic; and Pierre Gourbin, postdoctoral scholar of astrophysics and atmospheric physics at the Technical University of Denmark.

The U.S. National Science Foundation, the Centre National d'Etudes Spatiales (CNES), the Institut Universitaire de France and the Ministry of Defense of the Czech Republic supported this research.
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Black holes don't just swallow light, they sing. And we just learned the tune | ScienceDaily
Black holes embody the ultimate abyss. They are the most powerful sources of gravity in the universe, capable of dramatically distorting space and time around them. When disturbed, they begin to "ring" in a distinctive pattern known as quasinormal modes: ripples in space-time that produce detectable gravitational waves.


						
In events like black hole mergers, these waves can be strong enough to detect from Earth, offering a unique opportunity to measure a black hole's mass and shape. However, precise calculation of these vibrations through theoretical methods has proven a major challenge, particularly for vibrations that are rapidly weakening.

This inspired a team of researchers at Kyoto University to try a new method of calculating the vibrations of black holes. The scientists applied a mathematical technique called the exact Wentzel-Kramers-Brillouin, orexact WKB analysisto carefully trace the behavior of waves from a black hole out into distant space. While this method has long been studied in mathematics, its application to physics -- especially to black holes -- is still a newly developing area.

"The foundations of the exact WKB methodwere largely developed by Japanese mathematicians. As a researcher from Japan, I have always found this field intellectually and culturally familiar," says corresponding author Taiga Miyachi.

This method allowed the research team to follow wave patterns in great detail, even in regions that are difficult to analyze with other existing methods. Their approach involved examining space near the black hole by extending it into the complex number domain, revealing a rich structure of the black hole's geometry.

This included a mathematical phenomenon called Stokes curves, which designate where the nature of a wave suddenly changes. While previous studies have often overlooked the infinitely spiraling Stokes curves and paths that branch off from black holes, the research team incorporated these complex features into their analysis.

The findings revealed that the team had succeeded in developing a method that systematically and precisely captures the frequency structure of rapidly weakening vibrations. This demonstrates the power of the exact WKB method as a practical tool for bridging theoretical predictions with observational data.

"We were surprised at how complex and beautiful the underlying structure of these vibrations turned out to be. We found spiraling patterns in our mathematical analysis that had been missed before, and these turned out to be key in understanding the full picture of quasinormal modes," says Miyachi.

This study makes it possible to analyze the "ringing sounds" of black holes across a wide range of theoretical models. Ultimately, this may help improve the precision of future gravitational wave observations and lead to a deeper, more reliable understanding of the true nature of our Universe and its geometry.

Looking ahead, the research team plans to extend their approach to rotating black holes and to explore the application of exact WKB analysis in studies related to quantum gravity effects.
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Rutgers physicists just discovered a strange new state of matter | ScienceDaily
Scientists have discovered a new way that matter can exist - one that is different from the usual states of solid, liquid, gas or plasma - at the interface of two exotic, materials made into a sandwich.


						
The new quantum state, called quantum liquid crystal, appears to follow its own rules and offers characteristics that could pave the way for advanced technological applications, the scientists said.

Reporting in the journal Science Advances, a Rutgers-led team of researchers described an experiment that focused on the interaction between a conducting material called the Weyl semimetal and an insulating magnetic material known as spin ice when both are subjected to an extremely high magnetic field. Both materials individually are known for their unique and complex properties.

"Although each material has been extensively studied, their interaction at this boundary has remained entirely unexplored," said Tsung-Chi Wu, who earned his doctoral degree in June from the Rutgers graduate program in physics and astronomy and is the first author of the study. "We observed new quantum phases that emerge only when these two materials interact. This creates a new quantum topological state of matter at high magnetic fields, which was previously unknown."

The team discovered that at the interface of these two materials, the electronic properties of the Weyl semimetal are influenced by the magnetic properties of the spin ice. This interaction leads to a very rare phenomenon called "electronic anisotropy" where the material conducts electricity differently in different directions. Within a circle of 360 degrees, the conductivity is lowest at six specific directions, they found. Surprisingly, when the magnetic field is increased, the electrons suddenly start flowing in two opposite directions.

This discovery is consistent with a characteristic seen in the quantum phenomenon known as rotational symmetry breaking and indicates the occurrence of a new quantum phase at high magnetic fields.

The findings are significant because they reveal new ways in which the properties of materials can be controlled and manipulated, Wu said. By understanding how electrons move in these special materials, scientists could potentially design new generations of ultra-sensitive quantum sensors of magnetic fields that work best in extreme conditions - such as in space or inside powerful machines.




Weyl semimetals are materials that allow electricity to flow in unusual ways with very high speed and zero energy loss because of special relativistic quasi-particles called Weyl fermions. Spin ice, on the other hand, are magnetic materials where the magnetic moments (tiny magnetic fields within the material) are arranged in a way that resembles the positions of hydrogen atoms in ice. When these two materials are combined, they create a heterostructure, composed of atomic layers of dissimilar materials.

Scientists have found that new states of matter appear under extreme conditions, including very low temperatures, high pressures or high magnetic fields, and behave in strange and fascinating ways. Experiments such as the Rutgers-led one may lead to new, fundamental understanding of matter beyond the naturally occurring four states of matter, according to Wu.

"This is just the beginning," Wu said. "There are multiple possibilities for exploring new quantum materials and their interactions when combined into a heterostructure. We hope our work will also inspire the physics community to explore these exciting new frontiers."

The research was conducted using a combination of experimental techniques, led by the principal investigator for the project, Jak Chakhalian, the Claud Lovelace Endowed Professor of Experimental Physics in the Department of Physics and Astronomy and a co-author of the study. The work was theoretically supported by Jedediah Pixley, an associate professor in the Department of Physics and Astronomy, also a co-author of the study.

"The experiment-theory collaboration is what really makes the work possible," Wu said. "It took us more than two years to understand the experimental results. The credit goes to the state-of-the-art theoretical modeling and calculations done by the Pixley group, particularly Jed Pixley and Yueqing Chang, a postdoctoral researcher. We are continuing our collaboration to push the frontier of the field as a Rutgers team."

Most of the experiments were conducted at the National High Magnetic Field Laboratory (MagLab) in Tallahassee, Fla., which provided the unique conditions to study these materials at ultra-low temperatures and high magnetic fields.




"We had to initiate the collaboration and travel to the MagLab multiple times to perform these experiments, each time refining ideas and methods," Wu said. "The ultra-low temperatures and high magnetic fields were crucial for observing these new phenomena."

The research builds on previous Rutgers-led research published earlier this year by Chakhalian, Mikhail Kareev, Wu and other physicists. The report described how four years of continuous experimentation led to a novel method to design and build a unique, tiny, atoms-thick structure composed of a Weyl semimetal and spin ice. The quantum heterostructure was so difficult to create, the scientists developed a machine to make it: the Q-DiP, short for quantum phenomena discovery platform.

"In that paper, we described how we made the heterostructure," said Chakhalian. "The new Science Advances paper is about what it can do."

In addition to Chakhalian, Wu, Chang and Pixley, Rutgers researchers on the study included Ang-Kun Wu, Michael Terilli, Fangdi Wen and Mikhail Kareev.
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After 50 years, scientists finally catch elusive neutrinos near a reactor | ScienceDaily
Neutrinos are extremely elusive elementary particles. Day and night, 60 billion of them stream from the Sun through every square centimeter of the Earth every second, which is transparent to them. After the first theoretical prediction of their existence, decades passed before they were actually detected. These experiments are usually extremely large to account for the very weak interaction of neutrinos with matter. Scientists at the Max Planck Institute for Nuclear Physics (MPIK) in Heidelberg have now succeeded in detecting antineutrinos from the reactor of a nuclear power plant using the CONUS+ experiment, with a detector mass of just 3 kg.


						
Originally based at the Brokdorf nuclear power plant, the CONUS experiment was relocated to the Leibstadt nuclear power plant (KKL) in Switzerland in the summer of 2023. Improvements to the 1 kg germanium semiconductor detectors, as well as the excellent measurement conditions at KKL, made it possible for the first time to measure what is known as Coherent Elastic Neutrino-Nucleus Scattering (CEvNS). In this process, neutrinos do not scatter off the individual components of the atomic nuclei in the detector, but rather coherently with the entire nucleus. This significantly increases the probability of a very small but observable nuclear recoil. This recoil caused by neutrino scattering is comparable to a ping-pong ball bouncing off a car, with the detection being the changing motion of the car. In the case of CONUS+, the scattering partners are the atomic nuclei of the germanium. Observing this effect requires low-energy neutrinos, such as those produced in large numbers in nuclear reactors.

The effect was predicted as early as 1974, but was first confirmed in 2017 by the COHERENT experiment at a particle accelerator. The CONUS+ experiment has now successfully observed the effect at full coherence and lower energies in a reactor for the first time, as described in a recent Nature research article. The compact CONUS+ setup is located 20.7 m from the reactor core (see image above). At this position, more than 10 trillion neutrinos flow through every square centimeter of surface every second. After approximately 119 days of measurement between autumn 2023 and summer 2024, the researchers were able to extract an excess of 395+-106 neutrino signals from the CONUS+ data, after subtracting all background and interfering signals. This value is in very good agreement with theoretical calculations, within the measurement uncertainty. "We have thus successfully confirmed the sensitivity of the CONUS+ experiment and its ability to detect antineutrino scattering from atomic nuclei," explains Dr. Christian Buck, one of the authors of the study. He also emphasizes the potential development of small, mobile neutrino detectors to monitor reactor heat output or isotope concentration as possible future applications of the CEvNS technique presented here.

The CEvNS measurement provides unique insights into fundamental physical processes within the Standard Model of particle physics, the current theory describing the structure of our universe. Compared to other experiments, the measurements with CONUS+ allow for a reduced dependence on nuclear physics aspects, thereby improving the sensitivity to new physics beyond the Standard Model. For this reason, CONUS+ was already equipped with improved and larger detectors in autumn 2024. With the resulting measurement accuracy, even better results are expected. "The techniques and methods used in CONUS+ have excellent potential for fundamental new discoveries," emphasizes Prof. Lindner, initiator of the project and also an author of the study. "The groundbreaking CONUS+ results could therefore mark the starting point for a new field in neutrino research."
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Forget the Big Bang: Gravitational waves may have really created the Universe | ScienceDaily
A team of scientists led by expert Raul Jimenez, ICREA researcher at the University of Barcelona's Institute of Cosmos Sciences (ICCUB), in collaboration with the University of Padua (Italy), has presented a revolutionary theory about the origins of the Universe. The study, published in the journal Physical Review Research, introduces a radical change in the understanding of the first moments after the Big Bang, without relying on the speculative assumptions that physicists have traditionally assumed.


						
Unraveling the mystery of the origins of the Universe

For decades, cosmologists have worked under the inflationary paradigm, a model that suggests that the Universe expanded extremely rapidly, in a fraction of a second, thus paving the way for everything we observe today. But this model includes too many adjustable parameters -- the free parameters -- which can be modified. Scientifically, this poses a problem, as it makes it difficult to know whether a model is truly predicting or simply adapting to the data. In a significant breakthrough, the team has proposed a model in which the early Universe does not require any of these arbitrary parameters. Instead, it begins with a well-established cosmic state called De Sitter space, which is consistent with current observations of dark energy.

Gravitational waves: the key to understanding cosmic structure

The new model does not rely on hypothetical fields or particles such as inflation. It suggests that natural quantum fluctuations in space-time, gravitational waves, were sufficient to seed the small density differences that eventually gave rise to galaxies, stars, and planets. These ripples evolve non-linearly, interacting and generating complexity over time, allowing for verifiable predictions with real data.

"For decades, we have tried to understand the early moments of the Universe using models based on elements we have never observed," says Raul Jimenez. "What makes this proposal exciting is its simplicity and verifiability. We are not adding speculative elements, but rather demonstrating that gravity and quantum mechanics may be sufficient to explain how the structure of the cosmos came into being."

Understanding the origin of the Universe is not just a philosophical question, but helps us answer fundamental questions about who we are and where we come from. This new proposal offers a minimalist but powerful, elegant and potentially refutable vision. This is science at its best: clear predictions that future observations -- such as measurements of gravitational waves and cosmic structure -- can confirm or reject.

These new results suggest that we may not need speculative elements to explain the cosmos, but only a deep understanding of gravity and quantum physics. If the model is confirmed, it could mark a new chapter in the way we think about the birth of the Universe.
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Pain relief without pills? VR nature scenes trigger the brain's healing switch | ScienceDaily
Immersing in virtual reality (VR) nature scenes helped relieve symptoms that are often seen in people living with long-term pain, with those who felt more present experiencing the strongest effects.


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

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

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

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

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

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




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

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

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

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

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

The paper is titled 'Immersion in nature through virtual reality attenuates the development and spread of mechanical secondary hyperalgesia: a role for insulo-thalamic effective connectivity' and is published in the journal Pain.
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What happens when light smashes into itself? Scientists just found out | ScienceDaily
Usually, light waves can pass through each other without any resistance. According to the laws of electrodynamics, two light beams can exist in the same place without influencing each other; they simply overlap. Light saber battles, as seen in science fiction films, would therefore be rather boring in reality.


						
Nevertheless, quantum physics predicts the effect of "light-on-light scattering." Ordinary lasers are not powerful enough to detect it, but it has been observed at the CERN particle accelerator. Virtual particles can literally emerge from nothing for a short time, interact with the photons and change their direction. The effect is extremely small, but it must be understood precisely in order to verify particle physics theories through current high-precision experiments on muons. A team at TU Wien (Vienna) has now been able to show that a previously underestimated aspect plays an important role in this: the contribution of so-called tensor mesons. The new results have been published in the journal Physical Review Letters.

Virtual particles from nothing

When photons interact with photons, virtual particles can be created. They cannot be measured directly, as they disappear immediately. In a sense, they are constantly there and not there at the same time -- quantum physics allows such superpositions of states that would be mutually exclusive according to our classical everyday understanding.

"Even though these virtual particles cannot be observed directly, they have a measurable effect on other particles," says Jonas Mager from the Institute of Theoretical Physics at TU Wien, lead author of the study. "If you want to calculate precisely how real particles behave, you have to take all conceivable virtual particles into account correctly. That's what makes this task so difficult -- but also so interesting."

When light scatters off light, a photon may transform, for example, into an electron-positron pair. Other photons can then interact with these two particles before the electron and positron annihilate each other and become a new photon. Things become more complicated when heavier particles are created that are also subject to strong nuclear forces -- for example, mesons, which consist of a quark and an antiquark.

"There are different types of these mesons," says Jonas Mager. "We have now been able to show that one of them, the tensor mesons, has been significantly underestimated. Through the effect of light-light scattering, they influence the magnetic properties of muons, which can be used to test the Standard Model of particle physics with extreme accuracy." Tensor mesons did appear in earlier calculations, but with very rough simplifications. In the new evaluation, not only does their contribution turn out to be much stronger than previously assumed, but it also has a different sign than previously thought, thus influencing the results in the opposite direction.




Unusual theoretical methods

This result also resolves a discrepancy that arose last year between the latest analytical calculations and alternative computer simulations. "The problem is that conventional analytical calculations can describe the strong interactions of quarks only well in limiting cases," says Anton Rebhan (TU Wien).

The TU Wien team, on the other hand, used an unconventional method -- holographic quantum chromodynamics. This involves mapping processes in four dimensions (i.e. three spatial dimensions and one time dimension) onto a five-dimensional space with gravity. Some problems can then be solved more easily in this other space, and the results are then transformed back again. "The tensor mesons can be mapped onto five-dimensional gravitons, for which Einstein's theory of gravity makes clear predictions," explains Anton Rebhan. "We now have computer simulations and analytical results that fit well together but deviate from certain previous assumptions. We hope that this will also provide new impetus to accelerate already planned specific experiments on tensor mesons."

The standard model put to the test

These analyses are important for one of the biggest questions in physics: How reliable is the Standard Model of particle physics? This is the generally accepted quantum physical theory that describes all known types of particles and all forces of nature -- except gravity.

The accuracy of the Standard Model can be investigated particularly well in a few special test cases, for example by measuring the magnetic moment of muons. For many years, scientists have been puzzling over whether certain discrepancies between theory and experiment point to "new physics" beyond the Standard Model, or whether they are simply inaccuracies or errors. The discrepancy in the muon magnetic moment has recently become much smaller -- but in order to really search for new physics, the remaining theoretical uncertainties must also be understood as precisely as possible. This is exactly what the new work contributes to.
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This spectrometer is smaller than a pixel, and it sees what we can't | ScienceDaily
Researchers have successfully demonstrated a spectrometer that is orders of magnitude smaller than current technologies and can accurately measure wavelengths of light from ultraviolet to the near-infrared. The technology makes it possible to create hand-held spectroscopy devices and holds promise for the development of devices that incorporate an array of the new sensors to serve as next-generation imaging spectrometers.


						
"Spectrometers are critical tools for helping us understand the chemical and physical properties of various materials based on how light changes when it interacts with those materials," says Brendan O'Connor, corresponding author of a paper on the work and a professor of mechanical and aerospace engineering at North Carolina State University. "They are used in applications that range from manufacturing to biomedical diagnostics. However, the smallest spectrometers on the market are still fairly bulky.

"We've created a spectrometer that operates quickly, at low voltage, and that is sensitive to a wide spectrum of light," O'Connor says. "Our demonstration prototype is only a few square millimeters in size - it could fit on your phone. You could make it as small as a pixel, if you wanted to."

The technology makes use of a tiny photodetector capable of sensing wavelengths of light after the light interacts with a target material. By applying different voltages to the photodetector, you can manipulate which wavelengths of light the photodetector is most sensitive to.

"If you rapidly apply a range of voltages to the photodetector, and measure all of the wavelengths of light being captured at each voltage, you have enough data that a simple computational program can recreate an accurate signature of the light that is passing through or reflecting off of the target material," O'Connor says. "The range of voltages is less than one volt, and the entire process can take place in less than a millisecond."

Previous attempts to create miniaturized photodetectors have relied on complex optics, used high voltages, or have not been as sensitive to such a broad range of wavelengths.

In proof-of-concept testing, the researchers found their pixel-sized spectrometer was as accurate as a conventional spectrometer and had sensitivity comparable to commercial photodetection devices.

"In the long term, our goal is to bring spectrometers to the consumer market," O'Connor says. "The size and energy demand of the technology make it feasible to incorporate into a smartphone, and we think this makes some exciting applications possible. From a research standpoint, this also paves the way for improved access to imaging spectroscopy, microscopic spectroscopy, and other applications that would be useful in the lab."

The paper, "Single pixel spectrometer based on a bias-tunable tandem organic photodetector," is published in the journal Device. First author of the paper is Harry Schrickx, a former Ph.D. student at NC State. The paper was co-authored by Abdullah Al Shafe, a former Ph.D. student at NC State; Caleb Moore, a former undergraduate at NC State; Yusen Pei, a Ph.D. student at NC State; Franky So, the Walter and Ida Freeman Distinguished Professor of Materials Science and Engineering at NC State; and Michael Kudenov, the John and Catherine Amein Family Distinguished Professor of Electrical and Computer Engineering at NC State.

The work was done with support from the National Science Foundation under grants 1809753 and 2324190, and from the Office of Naval Research under grant N000142412101.
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Einstein was wrong: MIT just settled a 100-year quantum debate | ScienceDaily
MIT physicists have performed an idealized version of one of the most famous experiments in quantum physics. Their findings demonstrate, with atomic-level precision, the dual yet evasive nature of light. They also happen to confirm that Albert Einstein was wrong about this particular quantum scenario.


						
The experiment in question is the double-slit experiment, which was first performed in 1801 by the British scholar Thomas Young to show how light behaves as a wave. Today, with the formulation of quantum mechanics, the double-slit experiment is now known for its surprisingly simple demonstration of a head-scratching reality: that light exists as both a particle and a wave. Stranger still, this duality cannot be simultaneously observed. Seeing light in the form of particles instantly obscures its wave-like nature, and vice versa.

The original experiment involved shining a beam of light through two parallel slits in a screen and observing the pattern that formed on a second, faraway screen. One might expect to see two overlapping spots of light, which would imply that light exists as particles, a.k.a. photons, like paintballs that follow a direct path. But instead, the light produces alternating bright and dark stripes on the screen, in an interference pattern similar to what happens when two ripples in a pond meet. This suggests light behaves as a wave. Even weirder, when one tries to measure which slit the light is traveling through, the light suddenly behaves as particles and the interference pattern disappears.

The double-slit experiment is taught today in most high school physics classes as a simple way to illustrate the fundamental principle of quantum mechanics: that all physical objects, including light, are simultaneously particles and waves.

Nearly a century ago, the experiment was at the center of a friendly debate between physicists Albert Einstein and Niels Bohr. In 1927, Einstein argued that a photon particle should pass through just one of the two slits and in the process generate a slight force on that slit, like a bird rustling a leaf as it flies by. He proposed that one could detect such a force while also observing an interference pattern, thereby catching light's particle and wave nature at the same time. In response, Bohr applied the quantum mechanical uncertainty principle and showed that the detection of the photon's path would wash out the interference pattern.

Scientists have since carried out multiple versions of the double-slit experiment, and they have all, to various degrees, confirmed the validity of the quantum theory formulated by Bohr. Now, MIT physicists have performed the most "idealized" version of the double-slit experiment to date. Their version strips down the experiment to its quantum essentials. They used individual atoms as slits, and used weak beams of light so that each atom scattered at most one photon. By preparing the atoms in different quantum states, they were able to modify what information the atoms obtained about the path of the photons. The researchers thus confirmed the predictions of quantum theory: The more information was obtained about the path (i.e. the particle nature) of light, the lower the visibility of the interference pattern was.

They demonstrated what Einstein got wrong. Whenever an atom is "rustled" by a passing photon, the wave interference is diminished.




"Einstein and Bohr would have never thought that this is possible, to perform such an experiment with single atoms and single photons," says Wolfgang Ketterle, the John D. MacArthur Professor of Physics and leader of the MIT team. "What we have done is an idealized Gedanken experiment."

Their results appear in the journal Physical Review Letters. Ketterle's MIT co-authors include first author Vitaly Fedoseev, Hanzhen Lin, Yu-Kun Lu, Yoo Kyung Lee, and Jiahao Lyu, who all are affiliated with MIT's Department of Physics, the Research Laboratory of Electronics, and the MIT-Harvard Center for Ultracold Atoms.

Cold confinement

Ketterle's group at MIT experiments with atoms and molecules that they super-cool to temperatures just above absolute zero and arrange in configurations that they confine with laser light. Within these ultracold, carefully tuned clouds, exotic phenomena that only occur at the quantum, single-atom scale can emerge.

In a recent experiment, the team was investigating a seemingly unrelated question, studying how light scattering can reveal the properties of materials built from ultracold atoms.

"We realized we can quantify the degree to which this scattering process is like a particle or a wave, and we quickly realized we can apply this new method to realize this famous experiment in a very idealized way," Fedoseev says.




In their new study, the team worked with more than 10,000 atoms, which they cooled to microkelvin temperatures. They used an array of laser beams to arrange the frozen atoms into an evenly spaced, crystal-like lattice configuration. In this arrangement, each atom is far enough away from any other atom that each can effectively be considered a single, isolated and identical atom. And 10,000 such atoms can produce a signal that is more easily detected, compared to a single atom or two.

The group reasoned that with this arrangement, they might shine a weak beam of light through the atoms and observe how a single photon scatters off two adjacent atoms, as a wave or a particle. This would be similar to how, in the original double-slit experiment, light passes through two slits.

"What we have done can be regarded as a new variant to the double-slit experiment," Ketterle says. "These single atoms are like the smallest slits you could possibly build."

Tuning fuzz

Working at the level of single photons required repeating the experiment many times and using an ultrasensitive detector to record the pattern of light scattered off the atoms. From the intensity of the detected light, the researchers could directly infer whether the light behaved as a particle or a wave.

They were particularly interested in the situation where half the photons they sent in behaved as waves, and half behaved as particles. They achieved this by using a method to tune the probability that a photon will appear as a wave versus a particle, by adjusting an atom's "fuzziness," or the certainty of its location. In their experiment, each of the 10,000 atoms is held in place by laser light that can be adjusted to tighten or loosen the light's hold. The more loosely an atom is held, the fuzzier, or more "spatially extensive," it appears. The fuzzier atom rustles more easily and records the path of the photon. Therefore, in tuning up an atom's fuzziness, researchers can increase the probability that a photon will exhibit particle-like behavior. Their observations were in full agreement with the theoretical description.

Springs away

In their experiment, the group tested Einstein's idea about how to detect the path of the photon. Conceptually, if each slit were cut into an extremely thin sheet of paper that was suspended in the air by a spring, a photon passing through one slit should shake the corresponding spring by a certain degree that would be a signal of the photon's particle nature. In previous realizations of the double slit experiment, physicists have incorporated such a spring-like ingredient, and the spring played a major role in describing the photon's dual nature.

But Ketterle and his colleagues were able to perform the experiment without the proverbial springs. The team's cloud of atoms is initially held in place by laser light, similar to Einstein's conception of a slit suspended by a spring. The researchers reasoned that if they were to do away with their "spring," and observe exactly the same phenomenon, then it would show that the spring has no effect on a photon's wave/particle duality.

This, too, was what they found. Over multiple runs, they turned off the spring-like laser holding the atoms in place and then quickly took a measurement in a millionth of a second, before the atoms became more fuzzy and eventually fell down due to gravity. In this tiny amount of time, the atoms were effectively floating in free space. In this spring-free scenario, the team observed the same phenomenon: A photon's wave and particle nature could not be observed simultaneously.

"In many descriptions, the springs play a major role. But we show, no, the springs do not matter here; what matters is only the fuzziness of the atoms," Fedoseev says. "Therefore, one has to use a more profound description, which uses quantum correlations between photons and atoms."

The researchers note that the year 2025 has been declared by the United Nations as the International Year of Quantum Science and Technology, celebrating the formulation of quantum mechanics 100 years ago. The discussion between Bohr and Einstein about the double-slit experiment took place only two years later.

"It's a wonderful coincidence that we could help clarify this historic controversy in the same year we celebrate quantum physics," says co-author Lee.

This work was supported, in part, by the National Science Foundation, the U.S. Department of Defense, and the Gordon and Betty Moore Foundation.
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Atomic-scale secrets: What really happens inside your battery | ScienceDaily
Electrochemical cells - or batteries, as a well-known example - are complex technologies that combine chemistry, physics, materials science and electronics. More than power sources for everything from smartphones to electric vehicles, they remain a strong motivation for scientific inquiry that seeks to fully understand their structure and evolution at the molecular level.


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

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

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

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

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

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

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




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

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

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

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


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

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

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

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

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

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




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

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

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

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

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


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

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

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

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

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

Circuits that resist radiation

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




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

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

Designing "high-accuracy" reliability

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

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

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




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

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

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

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


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

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

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

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

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

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




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

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

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

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

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

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




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

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

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

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

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

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

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

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

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

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

Their recommendations focus on improving data collection methods, advancing modeling techniques, and expanding computational capabilities to ensure digital twins can deliver trustworthy insights for decision-making and system optimization.
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Quantum tunneling mystery solved after 100 years-and it involves a surprise collision | ScienceDaily
Recently, Professor Dong Eon Kim from POSTECH's Department of Physics and Max Planck Korea-POSTECH Initiative and his research team have succeeded in unraveling for the first time the mystery of the 'electron tunneling' process, a core concept in quantum mechanics, and confirmed it through experiments. This study was published in the international journal Physical Review Letters and is attracting attention as a key to unlocking the long-standing mystery of 'electron tunneling,' which has remained unsolved for over 100 years.


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

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

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

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

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

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

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


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

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

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

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


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

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

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

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

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

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

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

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

The team expects that future research will extend characterization to other types of quantum advantage and lead to a more general theoretical framework.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Underground life on Mars? Cosmic rays could make it possible
        Cosmic rays from deep space might be the secret energy source that allows life to exist underground on Mars and icy moons like Enceladus and Europa. New research reveals that when these rays interact with water or ice below the surface, they release energy-carrying electrons that could feed microscopic life, a process known as radiolysis. This breakthrough suggests that life doesn't need sunlight or heat, just some buried water and radiation.

      

      
        Your nature photo might be a scientific breakthrough in disguise
        Every time someone snaps a wildlife photo with iNaturalist, they might be fueling breakthrough science. From rediscovering lost species to helping conservation agencies track biodiversity and invasive threats, citizen observations have become vital tools for researchers across the globe. A new study reveals just how deeply this crowdsourced data is influencing modern ecological science, and how much more it could do.

      

      
        Scientists unveil bioplastic that degrades at room temperature, and outperforms petroplastics
        Plastic pollution is a mounting global issue, but scientists at Washington University in St. Louis have taken a bold step forward by creating a new bioplastic inspired by the structure of leaves. Their innovation, LEAFF, enhances strength, functionality, and biodegradability by utilizing cellulose nanofibers, outperforming even traditional plastics. It degrades at room temperature, can be printed on, and resists air and water, offering a game-changing solution for sustainable packaging.

      

      
        The race to save our oceans could sink us without rules
        From acid-taming ocean tech to coral breeding and seaweed farming, ocean-based climate interventions are ramping up fast. But a new international study warns we're moving too quickly--and without solid governance, these quick fixes could cause more harm than healing.

      

      
        The hidden climate battle between forests and the ocean
        Between 2003 and 2021, Earth saw a net boost in photosynthesis, mainly thanks to land plants thriving in warming, wetter conditions--especially in temperate and high-latitude regions. Meanwhile, ocean algae struggled in increasingly stratified and nutrient-poor tropical waters. Scientists tracked this global energy shift using satellite data, revealing that land ecosystems not only added more biomass but also helped stabilize climate by capturing more carbon.

      

      
        700,000 years ahead of their teeth: The carbs that made us human
        Long before evolution equipped them with the right teeth, early humans began eating tough grasses and starchy underground plants--foods rich in energy but hard to chew. A new study reveals that this bold dietary shift happened 700,000 years before the ideal dental traits evolved to handle it.

      

      
        Scientists just solved the 9-million-year mystery of where potatoes came from
        About 9 million years ago, a wild interspecies fling between tomato-like plants and potato relatives in South America gave rise to one of the world's most important crops: the potato. Scientists have now traced its roots to a rare natural hybridization that created the tuber, a storage organ that allowed the plant to survive harsh Andean environments and spread rapidly.

      

      
        Scientists finally solve the mystery of what triggers lightning
        A Penn State-led research team has unraveled the long-standing mystery of how lightning begins inside thunderclouds. Their findings offer the first quantitative, physics-based explanation for lightning initiation--and a glimpse into the stormy heart of Earth's atmosphere.

      

      
        515-mile lightning flash caught from space
        A jaw-dropping 515-mile lightning bolt lit up the skies from Texas to Kansas City, smashing previous records and reshaping our understanding of extreme weather. Thanks to advanced satellite tech, scientists like Randy Cerveny and Michael Peterson are uncovering the mechanics of "megaflash" lightning--rare, colossal discharges that span hundreds of miles across the sky. These massive bolts, emerging from long-lived, sprawling thunderstorms, pose real danger even when skies seem clear.

      

      
        Did drunk apes help us evolve? New clues reveal why we digest alcohol so well
        Ape behavior just got a name upgrade -- "scrumping" -- and it might help explain why humans can handle alcohol so well. Researchers discovered that African apes regularly eat overripe, fermented fruit off the forest floor, and this habit may have driven key evolutionary adaptations. By naming and classifying this behavior, scientists are hoping to better understand how alcohol tolerance evolved in our ancestors -- and how it might have helped shape everything from safety in the trees to social drink...

      

      
        4,000-year-old teeth reveal the earliest human high -- Hidden in plaque
        Scientists have discovered the oldest direct evidence of betel nut chewing in Southeast Asia by analyzing 4,000-year-old dental plaque from a burial in Thailand. This breakthrough method reveals invisible traces of ancient plant use, suggesting psychoactive rituals were part of daily life long before written records.

      

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

      

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

      

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

      

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

      

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

      

      
        Did humans learn to walk in trees?
        In the quest to understand how and why early humans started walking on two legs, scientists are now looking to chimpanzees living in dry, open savannah-like environments for clues. A new study reveals that these chimpanzees, despite the open terrain, still frequently climb trees to gather fruit and other foods found high in the canopy. Their behavior suggests that bipedalism may not have evolved purely as a response to ground-based travel, but also for safe and efficient movement within trees.
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Underground life on Mars? Cosmic rays could make it possible | ScienceDaily
A new study from NYU Abu Dhabi has found that high-energy particles from space, known as cosmic rays, could create the energy needed to support life underground on planets and moons in our solar system.


						
The research shows that cosmic rays may not only be harmless in certain environments but could actually help microscopic life survive. These findings challenge the traditional view that life can only exist near sunlight or volcanic heat. Published in the International Journal of Astrobiology, the study is led by the Principal Investigator of the Space Exploration Laboratory at NYUAD's Center for Astrophysics and Space Science (CASS), Dimitra Atri.

The team focused on what happens when cosmic rays hit water or ice underground. The impact breaks water molecules apart and releases tiny particles called electrons. Some bacteria on Earth can use these electrons for energy, similar to how plants use sunlight. This process is called radiolysis, and it can power life even in dark, cold environments with no sunlight.

Using computer simulations, the researchers studied how much energy this process could produce on Mars and on the icy moons of Jupiter and Saturn. These moons, which are covered in thick layers of ice, are believed to have water hidden below their surfaces. The study found that Saturn's icy moon Enceladus had the most potential to support life in this way, followed by Mars, and then Jupiter's moon Europa.

"This discovery changes the way we think about where life might exist," said Atri. "Instead of looking only for warm planets with sunlight, we can now consider places that are cold and dark, as long as they have some water beneath the surface and are exposed to cosmic rays. Life might be able to survive in more places than we ever imagined."

The study introduces a new idea called the Radiolytic Habitable Zone. Unlike the traditional "Goldilocks Zone" -- the area around a star where a planet could have liquid water on its surface -- this new zone focuses on places where water exists underground and can be energized by cosmic radiation. Since cosmic rays are found throughout space, this could mean there are many more places in the universe where life could exist.

The findings provide new guidance for future space missions. Instead of only looking for signs of life on the surface, scientists might also explore underground environments on Mars and the icy moons, using tools that can detect chemical energy created by cosmic radiation.

This research opens up exciting new possibilities in the search for life beyond Earth and suggests that even the darkest, coldest places in the solar system could have the right conditions for life to survive.
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Your nature photo might be a scientific breakthrough in disguise | ScienceDaily
A frog croaks from a walking trail. A hiker snaps a photo and uploads it to iNaturalist. That single act -- one person, one amphibian and one click -- feeds into a growing global dataset that scientists now use to map shifting species ranges, detect invasive threats and even discover new species.


						
An international study led by researchers at the University of Florida Institute of Food and Agricultural Sciences (UF/IFAS) shows how iNaturalist, the global technology platform through which everyday people share wildlife photos via a website and an app, is doing far more than connecting users with nature. It's rapidly becoming a cornerstone of scientific research.

"The scientific use of iNaturalist has grown tenfold in five years, closely tracking the platform's data growth," said Brittany Mason, lead author and data management analyst at the UF/IFAS Fort Lauderdale Research and Education Center (FLREC). "This suggests that increasing observations, especially in less-documented geographic areas and lesser-studied species groups, can further expand its research applications."

"Until now, the scientific value of iNaturalist has been recognized in isolated case studies, like how a user rediscovered a century-lost Vietnamese snail, how the data are used to provide high-resolution maps of plants or how iNaturalist is becoming critical for early detection of invasive species," said Corey Callaghan, senior author of the study, and an assistant professor of global ecology at FLREC.

Those examples remained somewhat isolated until now.

"This study is the first to systematically assess the full scope of how iNaturalist data are being used in research," said Mason.

To do this, the research team assessed how technology is being used and which geographic areas and scientific questions the data are being used for. The findings

emphasize how platforms like iNaturalist allow anybody armed with a smart phone to gather data and help scientists.




"Millions of people are now directly shaping how we understand and conserve biodiversity," said Callaghan. The study reveals several trends in shaping and enhancing the future of biodiversity science.

First, the dominant use of iNaturalist in species distribution modeling and range mapping points to the platform's utility in tracking how organisms are spread across the planet. Second, the use of images uploaded to iNaturalist is on the rise in scientific research, providing new insights into species behavior, coloration and habitat preferences. Third, the exponential rise in scholarly articles using iNaturalist data suggests that as participation grows -- particularly in underrepresented regions and among lesser-studied species groups -- so, too, will its impact on science.

Launched in 2008, the platform is a non-profit organization and allows users to upload photographs or audio recordings of plants, animals, fungi, and other organisms, along with data on time and place.

A community of contributors vet observations, and those verified as "Research Grade" are shared with the Global Biodiversity Information Facility, an international database working as a clearinghouse for all biodiversity records.

The study shows that everyday people contributing their observations through iNaturalist are making meaningful contributions to scientific knowledge. "Millions of people are helping scientists track biodiversity in ways that would be impossible through traditional scientific fieldwork alone." said Carrie Seltzer, the iNaturalist head of engagement, who was not associated with the study.

Those meaningful contributions come from 128 countries and 638 groups of species, illustrating the truly global impact on biodiversity research. Research topics range from conservation planning and habitat modeling to education, machine learning and species discovery. Authors also noted the platform is also being used by conservation agencies like the International Union for Conservation of Nature to assess the status of threatened species and track the spread of invasive organisms.

"By contributing observations and identifications, everyday citizens become key players in tackling one of the planet's most pressing challenges: biodiversity loss," said Callaghan. "Now, an important frontier remains to really understand how iNaturalist data can be strategically paired with other biodiversity data to continue to inform biodiversity and conservation work in the future."

The study, published in BioScience, involved researchers from 15 institutions across the United States, Australia, Belgium, the Czech Republic, Germany and South Korea. Contributing institutions include the University of Florida, UNSW Sydney, Meise Botanic Garden, Czech University of Life Sciences Prague, the University of Munster and Changwon National University, among others.
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Scientists unveil bioplastic that degrades at room temperature, and outperforms petroplastics | ScienceDaily
Society has long struggled with petroleum-derived plastic pollution, and awareness of microplastics' detrimental effects on food and water supplies adds further pressure.


						
In response, researchers have been developing biodegradable versions of traditional plastics, or "bioplastics." However, current bioplastics face challenges as well: Current versions are not as strong as petrochemical-based plastics and they only degrade through a high-temperature composting system.

Enter researchers at Washington University in St. Louis, who have solved both problems with inspiration from the humble leaf. Long before plastic, humans wrapped their food in leaves, which easily biodegrade due to an underlying structure of cellulose-rich cell walls. WashU's chemical engineers decided to introduce cellulose nanofibers to the design of bioplastics.

"We created this multilayer structure where cellulose is in the middle and the bioplastics are on two sides," said Joshua Yuan, the Lucy and Stanley Lopata Professor and chair of energy, environmental and chemical engineering at the McKelvey School of Engineering. Yuan is also director for the National Science Foundation-funded Carbon Utilization Redesign for Biomanufacturing (CURB) Engineering Research Center. "In this way, we created a material that is very strong and that offers multifunctionality," he added.

The technology emerged from working with two of the highest production bioplastics today. In a study published in Green Chemistry earlier this year, Yuan and colleagues used a variation of their leaf-inspired cellulose nanofiber structure to improve the strength and biodegradability of polyhydroxybutrate (PHB), a starch-derived plastic; they further refined their technique for polylactic acid (PLA), as detailed in a new paper just published in Nature Communications.

The plastic packaging market is a $23.5 billion industry dominated by polyethylene and polypropylene, polymers made from petroleum that break down into harmful microplastics. The researchers' optimized bioplastic, called Layered, Ecological, Advanced and multi-Functional Film (LEAFF), turned PLA into a packaging material that is biodegradable at room temperature. Additionally, the structure allows for other critical properties, such as low air or water permeability, helping keep food stable, and a surface that is printable. This improves bioplastics' affordability since it saves manufacturers from printing separate labels for packaging.

"On top of all of this, the LEAFF's underlying cellulose structure gives it a higher tensile strength than even petrochemical plastics like polyethylene and polypropylene," explained Puneet Dhatt, a PhD student in Yuan's lab and first author on the article.




The innovation was in adding that cellulosic structure that WashU's engineers replicated, cellulose fibrils embedded within the bioplastics.

"This unique biomimicking design allows us to address the limitations of bioplastic usage and overcome that technical barrier and allow for broader bioplastic utilization," Yuan said.

Circular economy ready

The United States is uniquely positioned to dominate the bioplastics market and establish a "circular economy" wherein waste products are reused, fed back into systems instead of left to pollute the air and water or sit in landfills.

Yuan hopes this technology can scale up soon and seeks commercial and philanthropic partners to help bring these improved processes to industry. Competitors from Asian and European research institutions also are working to develop similar technology. But U.S. industries have an advantage due to the country's vast agriculture system -- and WashU is near the center of the nation's agrichemical industry.

"The U.S. is particularly strong in agriculture," Yuan said. "We can provide the feedstock for bioplastic production at a lower price compared to other parts of the world."

The "feedstock" Yuan is referring to are chemicals such as lactic acid, acetate or fatty acids like oleate, products of corn or starch fermentation by microbes that serve as bioplastic factories.




Pseudomonas putida, for instance is a microbial strain widely used in the fermentation industry, including to produce a variety of polyhydroxyalkanoates (PHA), including PHB.

McKelvey Engineering researchers have designed ways to convert various wastes, including carbon dioxide, lignin and food waste, into bioplastics using strains such as P. putida. With improved bioplastic design, Yuan's research further fills in that loop, with a version of PHB and PLA that could be produced much more efficiently and degrade safely into the environment.

"The United States has a waste problem, and circular reuse could go a long way to turning that waste into useful materials," Yuan said. "If we can ramp up our bioplastic supply chain, it would create jobs and new markets," he said.

The study "Biomimetic layered, ecological, advanced, multi-functional film for sustainable packaging" was supported by NSF EEC 2330245, NSF MCB 2229160, and U.S. Department of Energy BETO (Bioenergy Technologies Office) Projects.

The study "Integrated design of multifunctional reinforced bioplastics (MReB) to synergistically enhance strength, degradability, and functionality" was supported by NSF MCB 2229160, and U.S. Department of Energy BETO (Bioenergy Technologies Office) projects including EE 0007104, DE EE 0008250, and others.
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The race to save our oceans could sink us without rules | ScienceDaily
Climate interventions are accelerating in our oceans - but without responsible governance, they could do more harm than good, according to new research.


						
Coral bleaching, rising sea levels, and biodiversity loss are no longer distant threats - they are unfolding now, with profound consequences for marine ecosystems and the communities that depend on them.

In response, scientists, governments, and industries are racing to develop and deploy a suite of interventions to help the ocean respond to climate change.

The new study, published on July 31 in Science, reviewed the array of novel interventions that are being used in urgent response to the scale and intensity of the climate crisis and the dramatic changes in our oceans.

These include efforts to make the ocean less acidic to absorb more carbon dioxide, breeding climate-resilient corals that can survive warmer waters, farming seaweed to capture carbon, and restoring mangroves to protect coastlines and naturally store carbon.

Lead author, University of Melbourne Professor Tiffany Morrison said while these interventions offer hope, they also carry significant risks.

"Without robust governance, we risk repeating past mistakes - implementing solutions that are ineffective, inequitable, or even harmful," Professor Morrison said.




"The pace of innovation is outstripping our ability to regulate, monitor, and evaluate these interventions responsibly.

"Private and nonprofit funding is accelerating the ambition. In 2020 alone, philanthropists had allocated $160 million to oceanic climate action, with another US$250 million announced at COP28 in 2023 for a new global Ocean Resilience and Climate Alliance."

The researchers say to navigate these challenges, we must embrace the concept of responsible marine transformation - a governance approach that prioritises sustainability, equity, and adaptability.

"This means weighing risks against benefits, resolving ethical liabilities, improving social co-benefits, and aligning adaptation interventions with broader climate mitigation goals," Professor Morrison said.

"It is vital we conduct rigorous, comparative studies to assess the climate benefits and risks of interventions, including their scalability and long-term viability."

Co-author, University of Exteter Professor Neil Adger said communities must be engaged.




"This means collaborating with Indigenous peoples and local stakeholders from the outset, ensuring their knowledge, values, and rights shape intervention design and implementation," Professor Adger said.

"If interventions are proven viable, we must also develop and apply bioethical protocols that address not just animal welfare, but broader ecological and societal implications of upscaled deployment."

This research was funded by the Australian Research Council (ARC) and the US Society for Nature and People Partnership. Collaborators included James Cook University, the University of Michigan, the University of Exeter, the Gulf of Maine Research Institute, the University of Tasmania, and the Institute of Marine and Atmospheric Studies.

Professor Morrison was recently awarded an Australian Laureate Fellowship from the ARC to improve global marine futures.
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The hidden climate battle between forests and the ocean | ScienceDaily
Terrestrial plants drove an increase in global photosynthesis between 2003 and 2021, a trend partially offset by a weak decline in photosynthesis -- the process of using sunlight to make food -- among marine algae, according to a new study published in Nature Climate Change on August 1. The findings could inform planetary health assessments, enhance ecosystem management, and guide climate change projections and mitigation strategies.


						
Photosynthetic organisms -- also known as primary producers -- form the base of the food chain, making most life on Earth possible. Using energy from the sun, primary producers fix, or convert, carbon from the air into organic, or carbon-based, matter. But primary producers also release carbon through a process called autotrophic respiration, which is somewhat akin to breathing. The rate of carbon gain after accounting for loss through respiration is called net primary production.

"Net primary production measures the amount of energy photosynthetic organisms capture and make available to support nearly all other life in an ecosystem," said first author Yulong Zhang, a research scientist in the lab of Wenhong Li at Duke University's Nicholas School of the Environment. "As the foundation of food webs, net primary production determines ecosystem health, provides food and fibers for humans, mitigates anthropogenic carbon emissions and helps to stabilize Earth's climate."

Previous research on net primary production has typically focused on either land or ocean ecosystems, leaving gaps in our understanding of net primary production across Earth and the potential implications for climate mitigation.

For this study, the team explored annual trends and variability in global net primary production, with a focus on the interplay between land and ocean ecosystems.

"If you're looking at planetary health, you want to look at both terrestrial and marine domains for an integrated view of net primary production. The pioneering studies that first combined terrestrial and marine primary production have not been substantially updated in over two decades," said co-author Nicolas Cassar, Lee Hill Snowdon Bass Chair at the Nicholas School who jointly oversaw the research with Zhang.

Satellite Insights

Observations from satellites offer continuous perspective on photosynthesis by plants and marine algae called phytoplankton. Specifically, specialized satellite instruments measure surface greenness, which represents the abundance of a green pigment called chlorophyll produced by photosynthetic life. Computer models then estimate net primary production by combining greenness data with other environmental data, such as temperature, light and nutrient variability.




The authors of the new study used six different satellite-based datasets on net primary production -- three for land and three for oceans -- for the years from 2003 to 2021. Using statistical methods, they analyzed annual changes in net primary production for land and, separately, for the ocean.

They found a significant increase in terrestrial net primary production, at a rate of 0.2 billion metric tons of carbon per year between 2003 and 2021. The trend was widespread from temperate to boreal, or high-latitude, areas, with a notable exception in the tropics of South America.

By contrast, the team identified an overall decline in marine net primary production, of about 0.1 billion metric tons of carbon per year for the same time period. Strong declines mainly occurred in tropical and subtropical oceans, particularly in the Pacific Ocean.

All told, trends on land dominated those of oceans: Global net primary production increased significantly between 2003 and 2021, at a rate of 0.1 billion metric tons of carbon per year.

Environmental Drivers

To understand the potential environmental factors at play, the team analyzed variables such as light availability, air and sea-surface temperature, precipitation and mixed layer depth -- a measure that reflects the extent of mixing in the ocean's top layer by wind, waves and surface currents.




"The shift toward greater primary production on land mainly stemmed from plants in higher latitudes, where warming has extended growing seasons and created more favorable temperatures, and in temperate regions that experienced local wetting in some areas, forest expansion and cropland intensification," said Wenhong Li, a professor of earth and climate sciences at the Nicholas School and a co-author on the study.

Warming temperatures appeared to have an opposite effect in some ocean areas.

"Rising sea surface temperatures likely reduced primary production by phytoplankton in tropical and subtropical regions," Cassar added. "Warmer waters can layer atop cooler waters and interfere with the mixing of nutrients essential to algal survival."

Although land drove the overall increase in global primary production, the ocean primarily influenced year-to-year variability, especially during strong climate events such as El Nino and La Nina, the authors found.

"We observed that ocean primary production responds much more strongly to El Nino and La Nina than land primary production," said co-author Shineng Hu, an assistant professor of climate dynamics at the Nicholas School. "A series of La Nina events was partly responsible for a trend reversal in ocean primary production that we identified after 2015. This finding highlights the ocean's greater sensitivity to future climate variability."

Broad Implications

The study points to the important role of terrestrial ecosystems in offsetting declines in net primary production among marine phytoplankton, according to the authors.

But they added that declines in net primary production in tropical and subtropical oceans, coupled with stagnation on land in the tropics, can weaken the foundation of tropical food webs, with cascading effects on biodiversity, fisheries and local economies. Over time, these disruptions could also compromise the ability of tropical regions to function as effective carbon sinks, potentially intensifying the impacts of climate warming.

"Whether the decline in ocean primary production will continue -- and how long and to what extent increases on land can make up for those losses -- remains a key unanswered question with major implications for gauging the health of all living things, and for guiding climate change mitigation," Zhang said. "Long-term, coordinated monitoring of both land and ocean ecosystems as integrated components of Earth is essential."

Funding: Y.Z., W.L., and G.S. were partially supported by the Duke University-USDA Forest Service collaboration (23-JV-11330180-119). N.C. was supported by the National Science Foundation (OCE-2123198). J.M. was supported by the Oak Ridge National Laboratory. J.X. is supported by the National Science Foundation (Macrosystem Biology) and NEON-Enabled Science Program (DEB-2017870).
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700,000 years ahead of their teeth: The carbs that made us human | ScienceDaily
As early humans spread from lush African forests into grasslands, their need for ready sources of energy led them to develop a taste for grassy plants, especially grains and the starchy plant tissue hidden underground.


						
But a new Dartmouth-led study shows that hominins began feasting on these carbohydrate-rich foods before they had the ideal teeth to do so. The study provides the first evidence from the human fossil record of behavioral drive, wherein behaviors beneficial for survival emerge before the physical adaptations that make it easier, the researchers report in Science.

The study authors analyzed fossilized hominin teeth for carbon and oxygen isotopes left behind from eating plants known as graminoids, which includes grasses and sedges. They found that ancient humans gravitated toward consuming these plants far earlier than their teeth evolved to chew them efficiently. It was not until 700,000 years later that evolution finally caught up in the form of longer molars like those that let modern humans easily chew tough plant fibers.

The findings suggest that the success of early humans stemmed from their ability to adapt to new environments despite their physical limitations, says Luke Fannin, a postdoctoral researcher at Dartmouth and lead author of the study.

"We can definitively say that hominins were quite flexible when it came to behavior and this was their advantage," Fannin says. "As anthropologists, we talk about behavioral and morphological change as evolving in lockstep. But we found that behavior could be a force of evolution in its own right, with major repercussions for the morphological and dietary trajectory of hominins."

Nathaniel Dominy, the Charles Hansen Professor of Anthropology at Dartmouth and senior author of the study, says isotope analysis overcomes the enduring challenge of identifying the factors that caused the emergence of new behaviors -- behavior doesn't fossilize.

"Anthropologists often assume behaviors on the basis of morphological traits, but these traits can take a long time -- a half-million years or more--to appear in the fossil record," Dominy says.




"But these chemical signatures are an unmistakable remnant of grass-eating that is independent of morphology," he says. "They show a significant lag between this novel feeding behavior and the need for longer molar teeth to meet the physical challenge of chewing and digesting tough plant tissues."

The team analyzed the teeth of various hominin species, beginning with the distant human relative Australopithecus afarensis, to track how the consumption of different parts of graminoids progressed over millennia. For comparison, they also analyzed the fossilized teeth of two extinct primate species that lived around the same time -- giant terrestrial baboon-like monkeys called theropiths and small leaf-eating monkeys called colobines.

All three species veered away from fruits, flowers, and insects toward grasses and sedges between 3.4 million to 4.8 million years ago, the researchers report. This was despite lacking the teeth and digestive systems optimal for eating these tougher plants.

Hominins and the two primates exhibited similar plant diets until 2.3 million years ago when carbon and oxygen isotopes in hominin teeth changed abruptly, the study found. This plummet in both isotope ratios suggests that the human ancestor at the time, Homo rudolfensis, cut back on grasses and consumed more oxygen-depleted water.

The researchers lay out three possible explanations for this spike, including that these hominins drank far more water than other primates and savanna animals, or that they suddenly adopted a hippopotamus-like lifestyle of being submerged in water all day and eating at night.

The explanation most consistent with what's known about early-human behavior, they report, is that later hominins gained regular access to underground plant organs known as tubers, bulbs, and corms. Oxygen-depleted water also is found in these bulging appendages that many graminoids use for storing large amounts of carbohydrates safely away from plant-eating animals.




The transition from grasses to these high-energy plant tissues would make sense for a species growing in population and physical size, Fannin says. These underground caches were plentiful, less risky than hunting, and provided more nutrients for early humans' expanding brains. Having already adopted stone tools, ancient humans could dig up tubers, bulbs, and corms while facing little competition from other animals.

"We propose that this shift to underground foods was a signal moment in our evolution," Fannin says. "It created a glut of carbs that were perennial -- our ancestors could access them at any time of year to feed themselves and other people."

Measurements of hominin teeth showed that while they became consistently smaller -- shrinking about 5% every 1,000 years -- molars grew longer, the researchers report. Hominins' dietary shift toward graminoids outpaced that physical change for most of their history.

But the study found that the ratio flipped about 2 million years ago with Homo habilis and Homo ergaster, whose teeth exhibited a spurt of change in shape and size more suited to eating cooked tissues, such as roasted tubers.

Graminoids are ubiquitous across many ecosystems. Wherever they were, hominins would have been able to maximize the nutrients derived from these plants as their teeth became more efficient at breaking them down, Dominy says.

"One of the burning questions in anthropology is what did hominins do differently that other primates didn't do? This work shows that the ability to exploit grass tissues may be our secret sauce," Dominy says.

"Even now, our global economy turns on a few species of grass--rice, wheat, corn, and barley," he says. "Our ancestors did something completely unexpected that changed the game for the history of species on Earth."
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Scientists just solved the 9-million-year mystery of where potatoes came from | ScienceDaily
An international research team has uncovered that natural interbreeding in the wild between tomato plants and potato-like species from South America about 9 million years ago gave rise to the modern-day potato.


						
In a study publishing in the Cell Press journal Cell, researchers suggest this ancient evolutionary event triggered the formation of the tuber, the enlarged underground structure that stores nutrients found in plants like potatoes, yams, and taros.

"Our findings show how a hybridization event between species can spark the evolution of new traits, allowing even more species to emerge," says corresponding author Sanwen Huang of the Chinese Academy of Agricultural Sciences, China. "We've finally solved the mystery of where potatoes came from."

As one of the world's most important crops, the potato's origin had long puzzled scientists. In appearance, modern potato plants are almost identical to three potato-like species from Chile called Etuberosum. But these plants do not carry tubers. Based on phylogenetic analysis, potato plants are more closely related to tomatoes.

To solve this contradiction, the research team analyzed 450 genomes from cultivated potatoes and 56 of the wild potato species.

"Wild potatoes are very difficult to sample, so this dataset represents the most comprehensive collection of wild potato genomic data ever analyzed," says the paper's first author Zhiyang Zhang of the Agricultural Genomics Institute at Shenzhen, Chinese Academy of Agricultural Sciences.

They found that every potato species contained a stable, balanced mix of genetic material from both Etuberosum and tomato plants, suggesting that potatoes originated from an ancient hybridization between the two.




While Etuberosum and tomatoes are distinct species, they shared a common ancestor about 14 million years ago. Even after diverging for about 5 million years, they were able to interbreed and gave rise to the earliest potato plants with tubers around 9 million years ago.

The team also traced the origins of the potato's key tuber-forming genes, which are a combination of genetic material from each parent. They found the SP6A gene, which acts like a master switch that tells the plant when to start making tubers, came from the tomato side of the family. Another important gene called IT1, which helps control growth of the underground stems that form tubers, came from the Etuberosum side. Without either piece, the hybrid offspring would be incapable of producing tubers.

This evolutionary innovation coincided with the rapid uplift of the Andes mountains, a period when new ecological environments were emerging. With a tuber to store nutrients underground, early potatoes were able to quickly adapt to the changing environment, surviving harsh weather in the mountains.

Tubers also allow potato plants to reproduce without seeds or pollination. They grow new plants by simply sprouting from buds on the tuber. This trait allowed them to rapidly expand and fill diverse ecological niches from mild grasslands to high and cold alpine meadows in Central and South America.

"Evolving a tuber gave potatoes a huge advantage in harsh environments, fueling an explosion of new species and contributing to the rich diversity of potatoes we see and rely on today," Huang said.
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Scientists finally solve the mystery of what triggers lightning | ScienceDaily
Though scientists have long understood how lightning strikes, the precise atmospheric events that trigger it within thunderclouds remained a perplexing mystery. The mystery may be solved, thanks to a team of researchers led by Victor Pasko, professor of electrical engineering in the Penn State School of Electrical Engineering and Computer Science, that has revealed the powerful chain reaction that triggers lightning.


						
In the study published on July 28 in the Journal of Geophysical Research, the authors described how they determined strong electric fields in thunderclouds accelerate electrons that crash into molecules like nitrogen and oxygen, producing X-rays and initiating a deluge of additional electrons and high-energy photons -- the perfect storm from which lightning bolts are born.

"Our findings provide the first precise, quantitative explanation for how lightning initiates in nature," Pasko said. "It connects the dots between X-rays, electric fields and the physics of electron avalanches."

The team used mathematical modeling to confirm and explain field observations of photoelectric phenomena in Earth's atmosphere -- when relativistic energy electrons, which are seeded by cosmic rays entering the atmosphere from outer space, multiply in thunderstorm electric fields and emit brief high-energy photon bursts. This phenomenon, known as a terrestrial gamma-ray flash, comprises the invisible, naturally occurring bursts of X-rays and accompanying radio emissions.

"By simulating conditions with our model that replicated the conditions observed in the field, we offered a complete explanation for the X-rays and radio emissions that are present within thunderclouds," Pasko said. "We demonstrated how electrons, accelerated by strong electric fields in thunderclouds, produce X-rays as they collide with air molecules like nitrogen and oxygen, and create an avalanche of electrons that produce high-energy photons that initiate lightning."

Zaid Pervez, a doctoral student in electrical engineering, used the model to match field observations -- collected by other research groups using ground-based sensors, satellites and high-altitude spy planes -- to the conditions in the simulated thunderclouds.

"We explained how photoelectric events occur, what conditions need to be in thunderclouds to initiate the cascade of electrons, and what is causing the wide variety of radio signals that we observe in clouds all prior to a lightning strike," Pervez said. "To confirm our explanation on lightning initiation, I compared our results to previous modeling, observation studies and my own work on a type of lightning called compact intercloud discharges, which usually occur in small, localized regions in thunderclouds."

Published by Pasko and his collaborators in 2023, the model, Photoelectric Feedback Discharge, simulates physical conditions in which a lightning bolt is likely to originate. The equations used to create the model are available in the paper for other researchers to use in their own work.




In addition to uncovering lightning initiation, the researchers explained why terrestrial gamma-ray flashes are often produced without flashes of light and radio bursts, which are familiar signatures of lightning during stormy weather.

"In our modeling, the high-energy X-rays produced by relativistic electron avalanches generate new seed electrons driven by the photoelectric effect in air, rapidly amplifying these avalanches," Pasko said. "In addition to being produced in very compact volumes, this runaway chain reaction can occur with highly variable strength, often leading to detectable levels of X-rays, while accompanied by very weak optical and radio emissions. This explains why these gamma-ray flashes can emerge from source regions that appear optically dim and radio silent."

In addition to Pasko and Pervez, the co-authors include Sebastien Celestin, professor of physics at the University of Orleans, France; Anne Bourdon, director of research at Ecole Polytechnique, France; Reza Janalizadeh, ionosphere scientist at NASA Goddard Space Flight Center and former postdoctoral scholar under Pasko at Penn State; Jaroslav Jansky, assistant professor of electrical engineering and communication at Brno University of Technology, Czech Republic; and Pierre Gourbin, postdoctoral scholar of astrophysics and atmospheric physics at the Technical University of Denmark.

The U.S. National Science Foundation, the Centre National d'Etudes Spatiales (CNES), the Institut Universitaire de France and the Ministry of Defense of the Czech Republic supported this research.
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515-mile lightning flash caught from space | ScienceDaily
It was a single lightning flash that streaked across the Great Plains for 515 miles, from eastern Texas nearly all the way to Kansas City, setting a new world record.


						
"We call it megaflash lightning and we're just now figuring out the mechanics of how and why it occurs," said Randy Cerveny, an Arizona State University President's Professor in the School of Geographical Sciences and Urban Planning.

Cerveny and colleagues used space-based instruments to measure the megaflash, which took place during a major thunderstorm in October 2017. Its astonishing horizontal reach surpasses by 38 miles the previous record of 477 miles recorded during an April 2020 storm in the southern U.S. The new record-setter went unnoticed until a re-examination of satellite observations from the 2017 storm.

"It is likely that even greater extremes still exist, and that we will be able to observe them as additional high-quality lightning measurements accumulate over time," said Cerveny, who serves as rapporteur of weather and climate extremes for the World Meteorological Organization, the weather agency of the United Nations.

For years, lightning detection and measurement relied on ground-based networks of antennas that detect the radio signals emitted by lightning and then estimate location and travel speed based on the time it takes signals to reach other antenna stations in the network.

Satellite-borne lightning detectors in orbit since 2017 have made it possible to continuously detect lightning and measure it accurately at continental-scale distances.

"Our weather satellites carry very exacting lightning detection equipment that we can use document to the millisecond when a lightning flash starts and how far it travels," Cerveny said.




Parked in geostationary orbit, the National Oceanic and Atmospheric Agency's GOES-16 satellite detects around one million lightning flashes per day. It is the first of four NOAA satellites equipped with geostationary lightning mappers, joined by similar satellites launched by Europe and China.

"Adding continuous measurements from geostationary orbit was a major advance," said Michael Peterson at the Georgia Tech Research Institute. "We are now at a point where most of the global megaflash hotspots are covered by a geostationary satellite, and data processing techniques have improved to properly represent flashes in the vast quantity of observational data at all scales." Peterson is first author of a report in the Bulletin of the American Meteorological Society documenting the new lightning record.

Most lightning flashes are limited to less than 10 miles in reach. When a lightning bolt reaches beyond 60 miles (100 kilometers to be exact), it's considered a megaflash. Less than 1 percent of thunderstorms produce megaflash lightning, according to satellite observations analyzed by Peterson. They arise from storms that are long-lived, typically brewing for 14 hours or more, and massive in size, covering an area comparable in square miles to the state of New Jersey. The average megaflash shoots off five to seven ground-striking branches from its horizontal path across the sky.

While megaflashes that extend hundreds of miles are rare, it's not at all unusual for lightning to strike 10 or 15 miles from its storm-cloud origin, Cerveny said. And that adds to the danger. Cerveny said people don't realize how far lightning can reach from its parent thunderstorm.

Lightning kills 20 to 30 people each year in the U.S. and injures hundreds more. Most lightning strike injuries occur before and after the thunderstorm has peaked, not at the height of the storm.

"That's why you should wait at least a half an hour after a thunderstorm passes before you go out and resume normal activities," Cerveny said. "The storm that produces a lightning strike doesn't have to be over the top of you."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250801021013.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Did drunk apes help us evolve? New clues reveal why we digest alcohol so well | ScienceDaily
If scientists are to better understand whether the genes that let us safely welcome the weekend with a cold beer or enjoy a bottle of wine with dinner began with apes eating fermented fruit, then the habit needs a name, according to a new study.


						
"Scrumping" is the name coined in a paper led by researchers at Dartmouth and the University of St Andrews in Scotland for the fondness apes have for eating ripe fruit from the forest floor. These primates' palate for picked-up produce has taken on new importance in recent years, the researchers report in the journal BioScience.

But scientists cannot fully understand the significance of this behavior -- particularly for human evolution -- because "we never bothered to differentiate fruits in trees from fruits on the ground," says Nathaniel Dominy, the Charles Hansen Professor of Anthropology at Dartmouth and a corresponding author of the paper, which includes co-author Luke Fannin, a postdoctoral researcher at Dartmouth.

In other words, scrumping by no name at all just looks like eating fruit, Dominy says. The researchers write that geneticists reported in a 2015 study that eating fermented fruit may have triggered a single amino acid change in the last common ancestor of humans and African apes that boosted their ability to metabolize alcohol by 40 times.

"It's a fascinating idea, but nobody studying these ape species, or Asian apes, had the data to test it. It just wasn't on our radar," Dominy says. "It's not that primatologists have never seen scrumping -- they observe it pretty regularly. But the absence of a word for it has disguised its importance. We're hoping to fill an important void in scientific discourse."

Scrumping, the researchers write, describes the act of gathering -- or sometimes stealing -- windfallen apples and other fruits. The word is the English form of the medieval German word "schrimpen," a noun meaning "shriveled" or "shrunken" used to describe overripe or fermented fruit. In England today, scrumpy refers to a cloudy apple cider with an alcohol by volume content that ranges from 6 to 9%.

The researchers set out to better determine how common their new behavior classification is among great apes. They examined dietary reports of orangutans, chimpanzees, and mountain and western gorillas observed in the wild.




Feeding events were cross-referenced with how high off the ground the animal was when it ate, as well as the height at which the fruit grows. If an ape at ground level was recorded eating a fruit known to grow in the middle or upper levels of the forest canopy, it was counted as scrumping.

The researchers found that African apes "scrump" on a regular basis, but orangutans do not. These results corroborate the 2015 gene-sequencing study, which found the primary enzyme for metabolizing ethanol is relatively inefficient in orangutans and other non-human primates.

The authors of the BioScience paper propose that metabolizing ethanol may let African apes safely eat the ripe, fermented fruit they find on the ground. This adaptation could free them from competing with monkeys for unripe fruit in trees. It also could spare large apes the risk of climbing and possibly falling out of trees, which a 2023 study by Dominy and Fannin reports is so incredibly dangerous that it influenced human physiology.

Given that chimpanzees consume about 10 pounds of fruit each day, the team's analysis suggests these animals ingest a non-trivial amount of alcohol, Dominy says. That level of intake suggests that chronic low-level exposure to ethanol may be a significant component of chimpanzee life, and a major force of human evolution.

The next step is measuring levels of fermentation in fruits in the trees versus fruits on the ground to better estimate alcohol consumption in chimpanzees, Dominy says.

"Scrumping by the last common ancestor of gorillas, chimpanzees, and humans about 10 million years ago could explain why humans are so astoundingly good at digesting alcohol," Dominy says. "We evolved to metabolize alcohol long before we ever figured out how to make it, and making it was one of the major drivers of the Neolithic Revolution that turned us from hunter-gatherers into farmers and changed the world."

Humans might also have retained social aspects that apes bring to scrumping, says Catherine Hobaiter, a professor of psychology and neuroscience at St Andrews and co-corresponding author of the study.




"A fundamental feature of our relationship with alcohol is our tendency to drink together, whether a pint with friends or a large social feast," Hobaiter says. "The next step is to investigate how shared feeding on fermented fruits might also influence social relationships in other apes."

The word scrumping will catch on if other scientists see its descriptive value, Dominy says. The paper in BioScience notes other words invented to capture new concepts, such as "symbiosis" -- coined in 1877 -- and the now ubiquitous "meme," introduced by evolutionary biologist Richard Dawkins in 1976.

"These are great examples of words that we never knew we needed, until we did. If the term is useful, then it will catch on," Dominy says. "That's natural selection at work!"
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4,000-year-old teeth reveal the earliest human high - Hidden in plaque | ScienceDaily
In south-east Asia, betel nut chewing has been practiced since antiquity. The plants contain compounds that enhance the consumer's alertness, energy, euphoria, and relaxation. Although the practice is becoming less common in modern times, it has been deeply embedded in social and cultural traditions for thousands of years. Chewing betel nuts typically results in dark, reddish-brown to black stained teeth.


						
Yet, teeth without staining may not mean that people didn't chew betel nuts. Now, using a new method, an international team of researchers examined ancient dental plaque from Bronze Age Thailand and found evidence of betel nut chewing.

"We identified plant derivatives in dental calculus from a 4,000-year-old burial at Nong Ratchawat, Thailand," said first author of the Frontiers in Environmental Archaeology study Dr Piyawit Moonkham, an anthropological archaeologist at Chiang Mai University in Thailand. "This is the earliest direct biomolecular evidence of betel nut use in south-east Asia."

"We demonstrate that dental calculus can preserve chemical signatures of psychoactive plant use for millennia, even when conventional archaeological evidence is completely absent," added Dr Shannon Tushingham, the senior author, who is the associate curator of anthropology at the California Academy of Sciences. "In essence, we've developed a way to make the invisible visible -- revealing behaviors and practices that have been lost to time for 4,000 years."

Hidden in plaque

At Nong Ratchawat, an archaeological site in central Thailand that dates back to the Bronze Age, 156 human burials have been unearthed since 2003. For the present study, the team collected 36 dental calculus samples from six individuals.

Back in the lab, they removed tiny amounts of plaque from the samples and the chemical residues found therein underwent analysis. The team also used betel liquid samples they produced themselves to ensure psychoactive compounds could be reliably detected through their analysis and to understand the complex biochemical interactions between ingredients. "We used dried betel nut, pink limestone paste, Piper betel leaves, and sometimes Senegalia catechu bark and tobacco. We ground the ingredients with human saliva to replicate authentic chewing conditions," Moonkham said. "Sourcing materials and experimentally 'chewing' betel nuts to create authentic quid samples was both a fun and interesting process."

The results showed that three of the archaeological samples - all stemming from a molar of the same individual, Burial 11 - contained traces of arecoline and arecaidine. These organic compounds, found in betel nuts but also plants like coffee, tea, and tobacco, have pronounced physiological effects on humans. This suggests that betel nuts were chewed as early as 4,000 years ago in Thailand.




'Archaeologically invisible' proof

"The presence of betel nut compounds in dental calculus does suggest repeated consumption, as these residues become incorporated into mineralized plaque deposits over time through regular exposure," explained Tushingham. Accordingly, the absence of tooth-staining raises questions. It could be the result of different consumption methods, the team pointed out. It could also be due to post-consumption teeth cleaning practices, or post-mortem processes affecting stain preservation over 4,000 years.

While traces of betel nut chewing were found in samples from only one individual, there is currently no proof that Burial 11 received special treatment or was of elevated social status or unique ritual significance compared to the other burials at Nong Ratchawat. The presence of stone beads as grave goods, however, could provide hints as to the individual's identity or lived experience. Studying more individuals at Nong Ratchawat and other local sites to learn when and to whom such grave goods were given could provide valuable evidence, the team said.

The methods the researchers applied can be used to examine the remaining burials at Nong Ratchawat and at other sites, they said. "Dental calculus analysis can reveal behaviors that leave no traditional archaeological traces, potentially revolutionizing our understanding of ancient lifeways and human-plant relationships," Tushingham said. "It could open new windows into the deep history of human cultural practices."

"Understanding the cultural context of traditional plant use is a larger theme we want to amplify -- psychoactive, medicinal, and ceremonial plants are often dismissed as drugs, but they represent millennia of cultural knowledge, spiritual practice, and community identity," Moonkham concluded. "Archaeological evidence can inform contemporary discussions by honoring the deep cultural heritage behind these practices."
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How AI is supercharging plant immunity to fight deadly bacteria | ScienceDaily
Scientists at the University of California, Davis, used artificial intelligence to help plants recognize a wider range of bacterial threats -- which may lead to new ways to protect crops like tomatoes and potatoes from devastating diseases. The study was published in Nature Plants.


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

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

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

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

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

Why it matters

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




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

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

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

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

The research was supported by the National Institutes of Health and the United States Department of Agriculture's National Institute for Food and Agriculture.
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Drones reveal 41,000-turtle nesting mega-site hidden in the Amazon | ScienceDaily
A University of Florida research team has developed a more accurate way to count wildlife using drones -- an innovation that helped confirm the world's largest known nesting site for a threatened turtle species.


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

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

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

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

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

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




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

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

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

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

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

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

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

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


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

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

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

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

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

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




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

Behind the scenes

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

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

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

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




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

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

Contribution

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

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

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

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

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

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

From images of the skull bones of other fish from completely extinct lineages, Datovo and Johnson were able to infer where the muscles found in coelacanths would fit, elucidating the evolution of these muscles in the first jawed vertebrates. In future work, Datovo intends to analyze similarities with the muscles of tetrapods, such as amphibians and reptiles.
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Clockwork from scratch: How scientists made timekeeping cells | ScienceDaily
A team of UC Merced researchers has shown that tiny artificial cells can accurately keep time, mimicking the daily rhythms found in living organisms. Their findings shed light on how biological clocks stay on schedule despite the inherent molecular noise inside cells.


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

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

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

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

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

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




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

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

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

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

The work was supported by Subramaniam's National Science Foundation CAREER award from the Division of Materials Research and by grants from the National Institutes of Health and Army Research Office awarded to LiWang. LiWang was supported by a fellowship from the NSF CREST Center for Cellular and Biomolecular Machines at UC Merced.
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Digital twins are reinventing clean energy - but there's a catch | ScienceDaily
As the world grapples with the urgent need to reduce carbon emissions and combat climate change, researchers at the University of Sharjah are turning to a cutting-edge technology that could reshape the future of energy: AI-powered digital twins.


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

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

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

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

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

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




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

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

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

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

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

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




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

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

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

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

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

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

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

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

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

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

Their recommendations focus on improving data collection methods, advancing modeling techniques, and expanding computational capabilities to ensure digital twins can deliver trustworthy insights for decision-making and system optimization.
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Did humans learn to walk in trees? | ScienceDaily
It's hard to tell when -- and why -- our ancestors got down from trees and started walking on two legs. Many early hominins capable of bipedal walking were also well-adapted for climbing, and we lack fossil evidence from a key period when climate change turned forests into open, dry woodland called savannah-mosaic, which might have pushed hominins onto the ground. Now a study on modern chimpanzees could help fill in the gaps. Scientists observing chimpanzees in the Issa Valley, Tanzania have shown that despite living in a savannah-mosaic, they frequently climb trees for valuable food -- potentially explaining why early hominins kept their arboreal adaptations.


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

Habitats and hunger 

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

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

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

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




Fast food 

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

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

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

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

"Importantly, this is also only one community of chimpanzees. Future studies of other chimpanzees living in such dry, open habitats will be vital to see if these patterns are truly a savannah-mosaic signal or unique to Issa."
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        Your nature photo might be a scientific breakthrough in disguise
        Every time someone snaps a wildlife photo with iNaturalist, they might be fueling breakthrough science. From rediscovering lost species to helping conservation agencies track biodiversity and invasive threats, citizen observations have become vital tools for researchers across the globe. A new study reveals just how deeply this crowdsourced data is influencing modern ecological science, and how much more it could do.

      

      
        700,000 years ahead of their teeth: The carbs that made us human
        Long before evolution equipped them with the right teeth, early humans began eating tough grasses and starchy underground plants--foods rich in energy but hard to chew. A new study reveals that this bold dietary shift happened 700,000 years before the ideal dental traits evolved to handle it.

      

      
        Unwanted pregnancies surge with alcohol, but not with cannabis, study finds
        Women who drank heavily, even though they strongly wished to avoid pregnancy, were 50% more likely to become pregnant than those who drank little or not at all, according to new research. Surprisingly, cannabis use didn t show the same risk.

      

      
        4,000-year-old teeth reveal the earliest human high -- Hidden in plaque
        Scientists have discovered the oldest direct evidence of betel nut chewing in Southeast Asia by analyzing 4,000-year-old dental plaque from a burial in Thailand. This breakthrough method reveals invisible traces of ancient plant use, suggesting psychoactive rituals were part of daily life long before written records.
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Your nature photo might be a scientific breakthrough in disguise | ScienceDaily
A frog croaks from a walking trail. A hiker snaps a photo and uploads it to iNaturalist. That single act -- one person, one amphibian and one click -- feeds into a growing global dataset that scientists now use to map shifting species ranges, detect invasive threats and even discover new species.


						
An international study led by researchers at the University of Florida Institute of Food and Agricultural Sciences (UF/IFAS) shows how iNaturalist, the global technology platform through which everyday people share wildlife photos via a website and an app, is doing far more than connecting users with nature. It's rapidly becoming a cornerstone of scientific research.

"The scientific use of iNaturalist has grown tenfold in five years, closely tracking the platform's data growth," said Brittany Mason, lead author and data management analyst at the UF/IFAS Fort Lauderdale Research and Education Center (FLREC). "This suggests that increasing observations, especially in less-documented geographic areas and lesser-studied species groups, can further expand its research applications."

"Until now, the scientific value of iNaturalist has been recognized in isolated case studies, like how a user rediscovered a century-lost Vietnamese snail, how the data are used to provide high-resolution maps of plants or how iNaturalist is becoming critical for early detection of invasive species," said Corey Callaghan, senior author of the study, and an assistant professor of global ecology at FLREC.

Those examples remained somewhat isolated until now.

"This study is the first to systematically assess the full scope of how iNaturalist data are being used in research," said Mason.

To do this, the research team assessed how technology is being used and which geographic areas and scientific questions the data are being used for. The findings

emphasize how platforms like iNaturalist allow anybody armed with a smart phone to gather data and help scientists.




"Millions of people are now directly shaping how we understand and conserve biodiversity," said Callaghan. The study reveals several trends in shaping and enhancing the future of biodiversity science.

First, the dominant use of iNaturalist in species distribution modeling and range mapping points to the platform's utility in tracking how organisms are spread across the planet. Second, the use of images uploaded to iNaturalist is on the rise in scientific research, providing new insights into species behavior, coloration and habitat preferences. Third, the exponential rise in scholarly articles using iNaturalist data suggests that as participation grows -- particularly in underrepresented regions and among lesser-studied species groups -- so, too, will its impact on science.

Launched in 2008, the platform is a non-profit organization and allows users to upload photographs or audio recordings of plants, animals, fungi, and other organisms, along with data on time and place.

A community of contributors vet observations, and those verified as "Research Grade" are shared with the Global Biodiversity Information Facility, an international database working as a clearinghouse for all biodiversity records.

The study shows that everyday people contributing their observations through iNaturalist are making meaningful contributions to scientific knowledge. "Millions of people are helping scientists track biodiversity in ways that would be impossible through traditional scientific fieldwork alone." said Carrie Seltzer, the iNaturalist head of engagement, who was not associated with the study.

Those meaningful contributions come from 128 countries and 638 groups of species, illustrating the truly global impact on biodiversity research. Research topics range from conservation planning and habitat modeling to education, machine learning and species discovery. Authors also noted the platform is also being used by conservation agencies like the International Union for Conservation of Nature to assess the status of threatened species and track the spread of invasive organisms.

"By contributing observations and identifications, everyday citizens become key players in tackling one of the planet's most pressing challenges: biodiversity loss," said Callaghan. "Now, an important frontier remains to really understand how iNaturalist data can be strategically paired with other biodiversity data to continue to inform biodiversity and conservation work in the future."

The study, published in BioScience, involved researchers from 15 institutions across the United States, Australia, Belgium, the Czech Republic, Germany and South Korea. Contributing institutions include the University of Florida, UNSW Sydney, Meise Botanic Garden, Czech University of Life Sciences Prague, the University of Munster and Changwon National University, among others.
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700,000 years ahead of their teeth: The carbs that made us human | ScienceDaily
As early humans spread from lush African forests into grasslands, their need for ready sources of energy led them to develop a taste for grassy plants, especially grains and the starchy plant tissue hidden underground.


						
But a new Dartmouth-led study shows that hominins began feasting on these carbohydrate-rich foods before they had the ideal teeth to do so. The study provides the first evidence from the human fossil record of behavioral drive, wherein behaviors beneficial for survival emerge before the physical adaptations that make it easier, the researchers report in Science.

The study authors analyzed fossilized hominin teeth for carbon and oxygen isotopes left behind from eating plants known as graminoids, which includes grasses and sedges. They found that ancient humans gravitated toward consuming these plants far earlier than their teeth evolved to chew them efficiently. It was not until 700,000 years later that evolution finally caught up in the form of longer molars like those that let modern humans easily chew tough plant fibers.

The findings suggest that the success of early humans stemmed from their ability to adapt to new environments despite their physical limitations, says Luke Fannin, a postdoctoral researcher at Dartmouth and lead author of the study.

"We can definitively say that hominins were quite flexible when it came to behavior and this was their advantage," Fannin says. "As anthropologists, we talk about behavioral and morphological change as evolving in lockstep. But we found that behavior could be a force of evolution in its own right, with major repercussions for the morphological and dietary trajectory of hominins."

Nathaniel Dominy, the Charles Hansen Professor of Anthropology at Dartmouth and senior author of the study, says isotope analysis overcomes the enduring challenge of identifying the factors that caused the emergence of new behaviors -- behavior doesn't fossilize.

"Anthropologists often assume behaviors on the basis of morphological traits, but these traits can take a long time -- a half-million years or more--to appear in the fossil record," Dominy says.




"But these chemical signatures are an unmistakable remnant of grass-eating that is independent of morphology," he says. "They show a significant lag between this novel feeding behavior and the need for longer molar teeth to meet the physical challenge of chewing and digesting tough plant tissues."

The team analyzed the teeth of various hominin species, beginning with the distant human relative Australopithecus afarensis, to track how the consumption of different parts of graminoids progressed over millennia. For comparison, they also analyzed the fossilized teeth of two extinct primate species that lived around the same time -- giant terrestrial baboon-like monkeys called theropiths and small leaf-eating monkeys called colobines.

All three species veered away from fruits, flowers, and insects toward grasses and sedges between 3.4 million to 4.8 million years ago, the researchers report. This was despite lacking the teeth and digestive systems optimal for eating these tougher plants.

Hominins and the two primates exhibited similar plant diets until 2.3 million years ago when carbon and oxygen isotopes in hominin teeth changed abruptly, the study found. This plummet in both isotope ratios suggests that the human ancestor at the time, Homo rudolfensis, cut back on grasses and consumed more oxygen-depleted water.

The researchers lay out three possible explanations for this spike, including that these hominins drank far more water than other primates and savanna animals, or that they suddenly adopted a hippopotamus-like lifestyle of being submerged in water all day and eating at night.

The explanation most consistent with what's known about early-human behavior, they report, is that later hominins gained regular access to underground plant organs known as tubers, bulbs, and corms. Oxygen-depleted water also is found in these bulging appendages that many graminoids use for storing large amounts of carbohydrates safely away from plant-eating animals.




The transition from grasses to these high-energy plant tissues would make sense for a species growing in population and physical size, Fannin says. These underground caches were plentiful, less risky than hunting, and provided more nutrients for early humans' expanding brains. Having already adopted stone tools, ancient humans could dig up tubers, bulbs, and corms while facing little competition from other animals.

"We propose that this shift to underground foods was a signal moment in our evolution," Fannin says. "It created a glut of carbs that were perennial -- our ancestors could access them at any time of year to feed themselves and other people."

Measurements of hominin teeth showed that while they became consistently smaller -- shrinking about 5% every 1,000 years -- molars grew longer, the researchers report. Hominins' dietary shift toward graminoids outpaced that physical change for most of their history.

But the study found that the ratio flipped about 2 million years ago with Homo habilis and Homo ergaster, whose teeth exhibited a spurt of change in shape and size more suited to eating cooked tissues, such as roasted tubers.

Graminoids are ubiquitous across many ecosystems. Wherever they were, hominins would have been able to maximize the nutrients derived from these plants as their teeth became more efficient at breaking them down, Dominy says.

"One of the burning questions in anthropology is what did hominins do differently that other primates didn't do? This work shows that the ability to exploit grass tissues may be our secret sauce," Dominy says.

"Even now, our global economy turns on a few species of grass--rice, wheat, corn, and barley," he says. "Our ancestors did something completely unexpected that changed the game for the history of species on Earth."
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Unwanted pregnancies surge with alcohol, but not with cannabis, study finds | ScienceDaily
A new study has found that, among women with a high desire to avoid becoming pregnant, those who drank heavily had a 50% higher risk of becoming pregnant than those who drank moderately or not at all. In contrast, participants who used cannabis were no more likely to have an undesired pregnancy than participants who did not use cannabis.


						
From a larger sample of over 2,000 non-pregnant women aged 15-34, researchers identified a subgroup of 936 who didn't want to get pregnant. Within that subgroup, 429 reported heavy drinking (as measured using a standard alcohol screening questionnaire) and 362 reported using cannabis (including 157 who reported daily or almost daily use).

Those who drank heavily and those who used cannabis frequently had a higher overall desire to avoid pregnancy, compared with participants who drank moderately or not at all and participants who did not use cannabis.

Over the course of one year, 71 of the 936 women who most wanted to avoid pregnancy became pregnant. More than half of those undesired pregnancies (38) occurred among those who drank heavily, more than the combined number for those who drank moderately or not at all. In other words, heavy drinking was associated with a higher risk of undesired pregnancy compared with lower levels of drinking.

In contrast, less than half of the 71 undesired pregnancies (28) occurred among people who used cannabis, meaning that those who used cannabis did not show an elevated risk of undesired pregnancy compared with people who did not use cannabis.

Lead author Dr Sarah Raifman, of the University of California, San Francisco, School of Medicine, comments: "This study made two important findings. First, non-pregnant women who drink heavily appear, on average, to have a higher desire to avoid pregnancy than those who drink moderately or not at all. Second, drinking heavily as opposed to moderately or not at all appears to put those who most want to avoid pregnancy at higher risk of becoming pregnant within one year. Finding out why those pregnancies happen is the next step in our research."

"In the meantime, given the potentially life-altering effects of fetal alcohol spectrum disorders (which occur when a fetus is exposed to alcohol through the mother's drinking) and the fact that the risk of FASD increases with the amount and duration of the mother's drinking, it's important for doctors and clinicians to support women who drink heavily to stop drinking as soon as they suspect an unintentional pregnancy."

This study was funded by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (R01-HD108643) and by the National Institute on Alcohol Abuse and Alcoholism (F31AA028988).
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4,000-year-old teeth reveal the earliest human high - Hidden in plaque | ScienceDaily
In south-east Asia, betel nut chewing has been practiced since antiquity. The plants contain compounds that enhance the consumer's alertness, energy, euphoria, and relaxation. Although the practice is becoming less common in modern times, it has been deeply embedded in social and cultural traditions for thousands of years. Chewing betel nuts typically results in dark, reddish-brown to black stained teeth.


						
Yet, teeth without staining may not mean that people didn't chew betel nuts. Now, using a new method, an international team of researchers examined ancient dental plaque from Bronze Age Thailand and found evidence of betel nut chewing.

"We identified plant derivatives in dental calculus from a 4,000-year-old burial at Nong Ratchawat, Thailand," said first author of the Frontiers in Environmental Archaeology study Dr Piyawit Moonkham, an anthropological archaeologist at Chiang Mai University in Thailand. "This is the earliest direct biomolecular evidence of betel nut use in south-east Asia."

"We demonstrate that dental calculus can preserve chemical signatures of psychoactive plant use for millennia, even when conventional archaeological evidence is completely absent," added Dr Shannon Tushingham, the senior author, who is the associate curator of anthropology at the California Academy of Sciences. "In essence, we've developed a way to make the invisible visible -- revealing behaviors and practices that have been lost to time for 4,000 years."

Hidden in plaque

At Nong Ratchawat, an archaeological site in central Thailand that dates back to the Bronze Age, 156 human burials have been unearthed since 2003. For the present study, the team collected 36 dental calculus samples from six individuals.

Back in the lab, they removed tiny amounts of plaque from the samples and the chemical residues found therein underwent analysis. The team also used betel liquid samples they produced themselves to ensure psychoactive compounds could be reliably detected through their analysis and to understand the complex biochemical interactions between ingredients. "We used dried betel nut, pink limestone paste, Piper betel leaves, and sometimes Senegalia catechu bark and tobacco. We ground the ingredients with human saliva to replicate authentic chewing conditions," Moonkham said. "Sourcing materials and experimentally 'chewing' betel nuts to create authentic quid samples was both a fun and interesting process."

The results showed that three of the archaeological samples - all stemming from a molar of the same individual, Burial 11 - contained traces of arecoline and arecaidine. These organic compounds, found in betel nuts but also plants like coffee, tea, and tobacco, have pronounced physiological effects on humans. This suggests that betel nuts were chewed as early as 4,000 years ago in Thailand.




'Archaeologically invisible' proof

"The presence of betel nut compounds in dental calculus does suggest repeated consumption, as these residues become incorporated into mineralized plaque deposits over time through regular exposure," explained Tushingham. Accordingly, the absence of tooth-staining raises questions. It could be the result of different consumption methods, the team pointed out. It could also be due to post-consumption teeth cleaning practices, or post-mortem processes affecting stain preservation over 4,000 years.

While traces of betel nut chewing were found in samples from only one individual, there is currently no proof that Burial 11 received special treatment or was of elevated social status or unique ritual significance compared to the other burials at Nong Ratchawat. The presence of stone beads as grave goods, however, could provide hints as to the individual's identity or lived experience. Studying more individuals at Nong Ratchawat and other local sites to learn when and to whom such grave goods were given could provide valuable evidence, the team said.

The methods the researchers applied can be used to examine the remaining burials at Nong Ratchawat and at other sites, they said. "Dental calculus analysis can reveal behaviors that leave no traditional archaeological traces, potentially revolutionizing our understanding of ancient lifeways and human-plant relationships," Tushingham said. "It could open new windows into the deep history of human cultural practices."

"Understanding the cultural context of traditional plant use is a larger theme we want to amplify -- psychoactive, medicinal, and ceremonial plants are often dismissed as drugs, but they represent millennia of cultural knowledge, spiritual practice, and community identity," Moonkham concluded. "Archaeological evidence can inform contemporary discussions by honoring the deep cultural heritage behind these practices."
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        Scientists just recreated the Universe's first molecule and solved a 13-billion-year-old puzzle
        Long before stars lit up the sky, the universe was a hot, dense place where simple chemistry quietly set the stage for everything to come. Scientists have now recreated the first molecule ever to form, helium hydride, and discovered it played a much bigger role in the birth of stars than we thought. Using a special ultra-cold lab setup, they mimicked conditions from over 13 billion years ago and found that this ancient molecule helped cool the universe just enough for stars to ignite. Their findi...

      

      
        Underground life on Mars? Cosmic rays could make it possible
        Cosmic rays from deep space might be the secret energy source that allows life to exist underground on Mars and icy moons like Enceladus and Europa. New research reveals that when these rays interact with water or ice below the surface, they release energy-carrying electrons that could feed microscopic life, a process known as radiolysis. This breakthrough suggests that life doesn't need sunlight or heat, just some buried water and radiation.

      

      
        This vaccine uses dental floss instead of needles
        Scientists have discovered that flossing between your teeth could one day help vaccinate you. By targeting a uniquely permeable gum tissue called the junctional epithelium, this new method stimulates immunity right where many infections enter: the mouth, nose, and lungs. Using dental floss on mice to apply a flu vaccine triggered a robust immune response--better than existing oral approaches and comparable to nasal vaccines, but without the risks. It even worked with mRNA and protein-based vaccine...

      

      
        Astronomers detect life's building blocks around a young star
        Astronomers using ALMA have discovered complex organic molecules, including potential precursors to life's building blocks, in the protoplanetary disc of a young star, V883 Orionis. This finding offers a tantalizing glimpse into how life-friendly chemistry may be far more widespread and inherited than previously thought.

      

      
        Ghost star's planet orbits backward in a bizarre stellar system
        A bizarre planet defies cosmic norms: scientists have confirmed a giant planet orbiting in reverse around one star in a close binary system--an arrangement previously thought impossible. Using advanced tools, they discovered the companion star is a faint white dwarf that lost most of its mass billions of years ago. The team now believes this planet may be a rare second-generation world, born from or captured by the debris of its dying stellar neighbor. This find challenges traditional models of pl...

      

      
        Hidden gene in leukemia virus could revolutionize HIV treatment
        Scientists in Japan have discovered a genetic "silencer" within the HTLV-1 virus that helps it stay hidden in the body, evading the immune system for decades. This silencer element essentially turns the virus off, preventing it from triggering symptoms in most carriers. Incredibly, when this silencer was added to HIV, it made that virus less active too -- hinting at a revolutionary new strategy for managing not just HTLV-1 but other deadly retroviruses as well. The discovery opens the door to turn...

      

      
        This sugar molecule could stop type 1 diabetes, by fooling the immune system
        In a fascinating twist, Mayo Clinic researchers discovered that a sugar molecule cancer cells use to hide from the immune system might also protect insulin-producing beta cells in type 1 diabetes. By engineering these cells with the same sugar molecule--sialic acid--they prevented immune attacks in lab models. This approach could lead to better transplant options without broad immune suppression, offering hope for millions living with the autoimmune disease.

      

      
        Scientists just solved the 9-million-year mystery of where potatoes came from
        About 9 million years ago, a wild interspecies fling between tomato-like plants and potato relatives in South America gave rise to one of the world's most important crops: the potato. Scientists have now traced its roots to a rare natural hybridization that created the tuber, a storage organ that allowed the plant to survive harsh Andean environments and spread rapidly.

      

      
        515-mile lightning flash caught from space
        A jaw-dropping 515-mile lightning bolt lit up the skies from Texas to Kansas City, smashing previous records and reshaping our understanding of extreme weather. Thanks to advanced satellite tech, scientists like Randy Cerveny and Michael Peterson are uncovering the mechanics of "megaflash" lightning--rare, colossal discharges that span hundreds of miles across the sky. These massive bolts, emerging from long-lived, sprawling thunderstorms, pose real danger even when skies seem clear.

      

      
        Did drunk apes help us evolve? New clues reveal why we digest alcohol so well
        Ape behavior just got a name upgrade -- "scrumping" -- and it might help explain why humans can handle alcohol so well. Researchers discovered that African apes regularly eat overripe, fermented fruit off the forest floor, and this habit may have driven key evolutionary adaptations. By naming and classifying this behavior, scientists are hoping to better understand how alcohol tolerance evolved in our ancestors -- and how it might have helped shape everything from safety in the trees to social drink...

      

      
        Unwanted pregnancies surge with alcohol, but not with cannabis, study finds
        Women who drank heavily, even though they strongly wished to avoid pregnancy, were 50% more likely to become pregnant than those who drank little or not at all, according to new research. Surprisingly, cannabis use didn t show the same risk.

      

      
        4,000-year-old teeth reveal the earliest human high -- Hidden in plaque
        Scientists have discovered the oldest direct evidence of betel nut chewing in Southeast Asia by analyzing 4,000-year-old dental plaque from a burial in Thailand. This breakthrough method reveals invisible traces of ancient plant use, suggesting psychoactive rituals were part of daily life long before written records.

      

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

      

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

      

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

      

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

      

      
        What happens when light smashes into itself? Scientists just found out
        Physicists have discovered that when beams of light interact at the quantum level, they can generate ghost-like particles that briefly emerge from nothing and affect real matter. This rare phenomenon, known as light-on-light scattering, challenges the classical idea that light waves pass through each other untouched.

      

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

      

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

      

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

      

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

      

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

      

      
        Did humans learn to walk in trees?
        In the quest to understand how and why early humans started walking on two legs, scientists are now looking to chimpanzees living in dry, open savannah-like environments for clues. A new study reveals that these chimpanzees, despite the open terrain, still frequently climb trees to gather fruit and other foods found high in the canopy. Their behavior suggests that bipedalism may not have evolved purely as a response to ground-based travel, but also for safe and efficient movement within trees.
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Scientists just recreated the Universe's first molecule and solved a 13-billion-year-old puzzle | ScienceDaily
Immediately after the Big Bang, which occurred around 13.8 billion years ago, the universe was dominated by unimaginably high temperatures and densities. However, after just a few seconds, it had cooled down enough for the first elements to form, primarily hydrogen and helium. These were still completely ionized at this point, as it took almost 380,000 years for the temperature in the universe to drop enough for neutral atoms to form through recombination with free electrons. This paved the way for the first chemical reactions.


						
The oldest molecule in existence is the helium hydride ion (HeH+), formed from a neutral helium atom and an ionized hydrogen nucleus. This marks the beginning of a chain reaction that leads to the formation of molecular hydrogen (H2), which is by far the most common molecule in the universe.

Recombination was followed by the 'dark age' of cosmology: although the universe was now transparent due to the binding of free electrons, there were still no light-emitting objects, such as stars. Several hundred million years passed before the first stars formed.

During this early phase of the universe, however, simple molecules such as HeH+ and H2 were essential to the formation of the first stars. In order for the contracting gas cloud of a protostar to collapse to the point where nuclear fusion can begin, heat must be dissipated. This occurs through collisions that excite atoms and molecules, which then emit this energy in the form of photons. Below approximately 10,000 degrees Celsius, however, this process becomes ineffective for the dominant hydrogen atoms. Further cooling can only take place via molecules that can emit additional energy through rotation and vibration. Due to its pronounced dipole moment, the HeH+ ion is particularly effective at these low temperatures and has long been considered a potentially important candidate for cooling in the formation of the first stars. Consequently, the concentration of helium hydride ions in the universe may significantly impact the effectiveness of early star formation.

During this period, collisions with free hydrogen atoms were a major degradation pathway for HeH+, forming a neutral helium atom and an H2+ ion. These subsequently reacted with another H atom to form a neutral H2 molecule and a proton, leading to the formation of molecular hydrogen.

Researchers at the Max-Planck-Institut fur Kernphysik (MPIK) in Heidelberg have now successfully recreated this reaction under conditions similar to those in the early universe for the first time. They investigated the reaction of HeH+ with deuterium, an isotope of hydrogen containing an additional neutron in the atomic nucleus alongside a proton. When HeH+ reacts with deuterium, an HD+ ion is formed instead of H2+, alongside the neutral helium atom.

The experiment was carried out at the Cryogenic Storage Ring (CSR) at the MPIK in Heidelberg -- a globally unique instrument for investigating molecular and atomic reactions under space-like conditions. For this purpose, HeH+ ions were stored in the 35-metre-diameter ion storage ring for up to 60 seconds at a few kelvins (-267 degC), and were superimposed with a beam of neutral deuterium atoms. By adjusting the relative speeds of the two particle beams, the scientists were able to study how the collision rate varies with collision energy, which is directly related to temperature.

They found that, contrary to earlier predictions, the rate at which this reaction proceeds does not slow down with decreasing temperature, but remains almost constant. "Previous theories predicted a significant decrease in the reaction probability at low temperatures, but we were unable to verify this in either the experiment or new theoretical calculations by our colleagues," explains Dr Holger Kreckel from the MPIK. 'The reactions of HeH+ with neutral hydrogen and deuterium therefore appear to have been far more important for chemistry in the early universe than previously assumed,' he continues. This observation is consistent with the findings of a group of theoretical physicists led by Yohann Scribano, who identified an error in the calculation of the potential surface used in all previous calculations for this reaction. The new calculations using the improved potential surface now align closely with the CSR experiment.

Since the concentrations of molecules such as HeH+ and molecular hydrogen (H2 or HD) played an important role in the formation of the first stars, this result brings us closer to solving the mystery of their formation.
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Underground life on Mars? Cosmic rays could make it possible | ScienceDaily
A new study from NYU Abu Dhabi has found that high-energy particles from space, known as cosmic rays, could create the energy needed to support life underground on planets and moons in our solar system.


						
The research shows that cosmic rays may not only be harmless in certain environments but could actually help microscopic life survive. These findings challenge the traditional view that life can only exist near sunlight or volcanic heat. Published in the International Journal of Astrobiology, the study is led by the Principal Investigator of the Space Exploration Laboratory at NYUAD's Center for Astrophysics and Space Science (CASS), Dimitra Atri.

The team focused on what happens when cosmic rays hit water or ice underground. The impact breaks water molecules apart and releases tiny particles called electrons. Some bacteria on Earth can use these electrons for energy, similar to how plants use sunlight. This process is called radiolysis, and it can power life even in dark, cold environments with no sunlight.

Using computer simulations, the researchers studied how much energy this process could produce on Mars and on the icy moons of Jupiter and Saturn. These moons, which are covered in thick layers of ice, are believed to have water hidden below their surfaces. The study found that Saturn's icy moon Enceladus had the most potential to support life in this way, followed by Mars, and then Jupiter's moon Europa.

"This discovery changes the way we think about where life might exist," said Atri. "Instead of looking only for warm planets with sunlight, we can now consider places that are cold and dark, as long as they have some water beneath the surface and are exposed to cosmic rays. Life might be able to survive in more places than we ever imagined."

The study introduces a new idea called the Radiolytic Habitable Zone. Unlike the traditional "Goldilocks Zone" -- the area around a star where a planet could have liquid water on its surface -- this new zone focuses on places where water exists underground and can be energized by cosmic radiation. Since cosmic rays are found throughout space, this could mean there are many more places in the universe where life could exist.

The findings provide new guidance for future space missions. Instead of only looking for signs of life on the surface, scientists might also explore underground environments on Mars and the icy moons, using tools that can detect chemical energy created by cosmic radiation.

This research opens up exciting new possibilities in the search for life beyond Earth and suggests that even the darkest, coldest places in the solar system could have the right conditions for life to survive.
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This vaccine uses dental floss instead of needles | ScienceDaily
Researchers have demonstrated a novel vaccine delivery method in an animal model, using dental floss to introduce vaccine via the tissue between the teeth and gums. The testing found that the new technique stimulates the production of antibodies in mucosal surfaces, such as the lining of the nose and lungs.


						
"Mucosal surfaces are important, because they are a source of entry for pathogens, such as influenza and COVID," says Harvinder Singh Gill, corresponding author of a paper on the work. "However, if a vaccine is given by injection, antibodies are primarily produced in the bloodstream throughout the body, and relatively few antibodies are produced on mucosal surfaces.

"But we know that when a vaccine is given via the mucosal surface, antibodies are stimulated not only in the bloodstream, but also on mucosal surfaces," says Gill, who is the Ronald B. and Cynthia J. McNeill Term Professor in Nanomedicine at North Carolina State University. "This improves the body's ability to prevent infection, because there is an additional line of antibody defense before a pathogen enters the body."

This is where the junctional epithelium comes in. The term epithelium applies to the tissue that lines the surface of your body parts, such as the lining of your lungs, stomach and intestines. Most epithelial tissues include robust barriers that are designed to keep bad things - from viruses to dirt - from entering your blood stream. But the junctional epithelium is different.

The junctional epithelium is a thin layer of tissue located in the deepest part of the pocket between the tooth and the gum, and it lacks the barrier features found in other epithelial tissues. The lack of a barrier allows the junctional epithelium to release immune cells to fight bacteria - you find these immune cells in your saliva, as well as between your teeth and gums.

"Because the junctional epithelium is more permeable than other epithelial tissues - and is a mucosal layer - it presents a unique opportunity for introducing vaccines to the body in a way that will stimulate enhanced antibody production across the body's mucosal layers," says Gill.

To determine the viability of delivering vaccines via the junctional epithelium, the researchers applied vaccine to unwaxed dental floss and then flossed the teeth of lab mice. Specifically, the researchers compared antibody production in mice that received a peptide flu vaccine via flossing the junctional epithelium; via the nasal epithelium; or via placing vaccine on the mucosal tissue under the tongue.




"We found that applying vaccine via the junctional epithelium produces far superior antibody response on mucosal surfaces than the current gold standard for vaccinating via the oral cavity, which involves placing vaccine under the tongue," says Rohan Ingrole, first author of the paper, who was a Ph.D. student under Gill at Texas Tech University. "The flossing technique also provides comparable protection against flu virus as compared to the vaccine being given via the nasal epithelium."

"This is extremely promising, because most vaccine formulations cannot be given via the nasal epithelium - the barrier features in that mucosal surface prevent efficient uptake of the vaccine," Gill says. "Intranasal delivery also has the potential to cause the vaccine to reach the brain, which can pose safety concerns. However, vaccination via the junctional epithelium offers no such risk. For this experiment, we chose one of the few vaccine formulations that actually works for nasal delivery because we wanted to see how junctional epithelium delivery compared to the best-case scenario for nasal delivery."

The researchers also tested whether the junctional epithelium delivery method worked for three other prominent classes of vaccines: proteins, inactivated viruses and mRNA. In all three cases, the epithelial junction delivery technique produced robust antibody responses in the bloodstream and across mucosal surfaces.

The researchers also found that, at least in the animal model, it didn't matter whether food and water were consumed immediately after flossing with the vaccine - the immune response was the same.

But while regular floss serves as an adequate vaccine delivery method for lab mice, the researchers know it's not practical to ask people to hold vaccine-coated floss in their fingers. To address that challenge the researchers used a floss pick. A floss pick consists of a piece of floss stretched between two prongs that can be held by a handle.

Specifically, the researchers coated the floss in floss picks with fluorescent food dye. The researchers then recruited 27 study participants, explained the concept of applying vaccine via floss, and asked the participants to try to deposit the food dye in their epithelial junction with a floss pick.




"We found that approximately 60% of the dye was deposited in the gum pocket, which suggests that floss picks may be a practical vaccine delivery method to the epithelial junction," Ingrole says.

"We're optimistic about that work and - depending on our findings - may then move toward clinical trials," Gill says.

While there are still many questions that need to be answered before the floss technique can be considered for clinical use, the researchers think there could be significant advantages beyond the improved antibody response on mucosal surfaces.

"For example, it would be easy to administer, and it addresses concerns many people have about being vaccinated with needles," Gill says. "And we think this technique should be comparable in price to other vaccine delivery techniques.

There are also some drawbacks. For example, this technique would not work on infants and toddlers who do not yet have teeth.

"In addition, we would need to know more about how or whether this approach would work for people who have gum disease or other oral infections," Gill says.

The paper, "Floss-based vaccination targets the gingival sulcus for mucosal and systemic immunization," is published in the journal Nature Biomedical Engineering. Co-authors of the paper include Akhilesh Kumar Shakya, Chang Hyun Lee and Lazar Nesovic of Texas Tech; Gaurav Joshi of Texas Tech and NC State; and Richard Compans of Emory University.

The study was supported in part by the National Institutes of Health (NIH) under grants R01AI137846 and R01DE033759, and by funds from the Whitacre Endowed Chair in Science and Engineering at Texas Tech University.

Gill, Ingrole and Shakya are co-inventors on a patent related to targeting the junctional epithelium for vaccination.
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Astronomers detect life's building blocks around a young star | ScienceDaily
Using the Atacama Large Millimeter/submillimeter Array (ALMA), a team of astronomers led by Abubakar Fadul from the Max Planck Institute for Astronomy (MPIA) has discovered complex organic molecules - including the first tentative detection of ethylene glycol and glycolonitrile - in the protoplanetary disc of the outbursting protostar V883 Orionis. These compounds are considered precursors to the building blocks of life. Comparing different cosmic environments reveals that the abundance and complexity of such molecules increase from star-forming regions to fully evolved planetary systems. This suggests that the seeds of life are assembled in space and are widespread. The findings were published in the Astrophysical Journal Letters today.


						
Astronomers have discovered complex organic molecules (COMs) in various locations associated with planet and star formation before. COMs are molecules with more than five atoms, at least one of which is carbon. Many of them are considered building blocks of life, such as amino acids and nucleic acids or their precursors. The discovery of 17 COMs in the protoplanetary disc of V883 Orionis, including ethylene glycol and glycolonitrile, provides a long-sought puzzle piece in the evolution of such molecules between the stages preceding and following the formation of stars and their planet-forming discs. Glycolonitrile is a precursor of the amino acids glycine and alanine, as well as the nucleobase adenine.

The assembly of prebiotic molecules begins in interstellar space

"Our finding points to a straight line of chemical enrichment and increasing complexity between interstellar clouds and fully evolved planetary systems," said Abubakar Fadul, MPIA

The transition from a cold protostar to a young star surrounded by a disc of dust and gas is accompanied by a violent phase of shocked gas, intense radiation and rapid gas ejection.

Such energetic processes might destroy most of the complex chemistry assembled during the previous stages. Therefore, scientists had laid out a so-called 'reset' scenario, in which most of the chemical compounds required to evolve into life would have to be reproduced in circumstellar discs while forming comets, asteroids, and planets.

"Now it appears the opposite is true," MPIA scientist and co-author Kamber Schwarz points out. "Our results suggest that protoplanetary discs inherit complex molecules from earlier stages, and the formation of complex molecules can continue during the protoplanetary disc stage." Indeed, the period between the energetic protostellar phase and the establishment of a protoplanetary disk would, on its own, be too short for COMs to form in detectable amounts.




As a result, the conditions that predefine biological processes may be widespread rather than being restricted to individual planetary systems.

Astronomers have found the simplest organic molecules, such as methanol, in dense regions of dust and gas that predate the formation of stars. Under favourable conditions, they may even contain complex compounds comprising ethylene glycol, one of the species now discovered in V883 Orionis. "We recently found ethylene glycol could form by UV irradiation of ethanolamine, a molecule that was recently discovered in space," adds Tushar Suhasaria, a co-author and the head of MPIA's Origins of Life Lab. "This finding supports the idea that ethylene glycol could form in those environments but also in later stages of molecular evolution, where UV irradiation is dominant."

More evolved agents crucial to biology, such as amino acids, sugars, and nucleobases that make up DNA and RNA, are present in asteroids, meteorites, and comets within the Solar System.

Buried in ice - resurfaced by stars

The chemical reactions that synthesize those COMs occur under cold conditions, preferably on icy dust grains that later coagulate to form larger objects. Hidden in those mixtures of rock, dust, and ice, they usually remain undetected. Accessing those molecules is only possible either by digging for them with space probes or by external heating, which evaporates the ice.

In the Solar System, the Sun heats comets, resulting in impressive tails of gas and dust, or comas, essentially gaseous envelopes that surround the cometary nuclei. This way, spectroscopy - the rainbow-like dissection of light - may pick up the emissions of freed molecules. Those spectral fingerprints help astronomers to identify the molecules previously buried in ice.




A similar heating process is occurring in the V883 Orionis system. The central star is still growing by accumulating gas from the surrounding disc until it eventually ignites the fusion fire in its core. During those growth periods, the infalling gas heats up and produces intense outbursts of radiation. "These outbursts are strong enough to heat the surrounding disc as far as otherwise icy environments, releasing the chemicals we have detected," explains Fadul.

"Complex molecules, including ethylene glycol and glycolonitrile, radiate at radio frequencies. ALMA is perfectly suited to detect those signals," says Schwarz. The MPIA astronomers were awarded access to this radio interferometer through the European Southern Observatory (ESO), which operates it in the Chilean Atacama Desert at an altitude of 5,000 metres. ALMA enabled the astronomers to pinpoint the V883 Orionis system and search for faint spectral signatures, which ultimately led to the detections.

Further challenges ahead

"While this result is exciting, we still haven't disentangled all the signatures we found in our spectra," says Schwarz. "Higher resolution data will confirm the detections of ethylene glycol and glycolonitril and maybe even reveal more complex chemicals we simply haven't identified yet."

"Perhaps we also need to look at other regions of the electromagnetic spectrum to find even more evolved molecules," Fadul points out. "Who knows what else we might discover?"

Additional information

The MPIA team involved in this study comprised Abubakar Fadul, Kamber Schwarz, and Tushar Suhasaria.

Other researchers were Jenny K. Calahan (Center for Astrophysics -- Harvard & Smithsonian, Cambridge, USA), Jane Huang (Department of Astronomy, Columbia University, New York, USA), and Merel L. R. van 't Hoff (Department of Physics and Astronomy, Purdue University, West Lafayette, USA).

The Atacama Large Millimeter/submillimeter Array (ALMA), an international astronomy facility, is a partnership of the European Southern Observatory (ESO), the U.S. National Science Foundation (NSF) and the National Institutes of Natural Sciences (NINS) of Japan in cooperation with the Republic of Chile. ALMA is funded by ESO on behalf of its Member States, by NSF in cooperation with the National Research Council of Canada (NRC) and the National Science and Technology Council (NSTC) in Taiwan and by NINS in cooperation with the Academia Sinica (AS) in Taiwan and the Korea Astronomy and Space Science Institute (KASI). ALMA construction and operations are led by ESO on behalf of its Member States; by the National Radio Astronomy Observatory (NRAO), managed by Associated Universities, Inc. (AUI), on behalf of North America; and by the National Astronomical Observatory of Japan (NAOJ) on behalf of East Asia. The Joint ALMA Observatory (JAO) provides the unified leadership and management of the construction, commissioning, and operation of ALMA.
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Ghost star's planet orbits backward in a bizarre stellar system | ScienceDaily
Most stars in the Universe exist in binary or multiple star systems, where the presence of close-in companion stars in such systems can adversely influence the formation and orbital stability of planets around one of the stars. An international team of astrophysicists led by Professor Man Hoi LEE from the Department of Earth Sciences and the Department of Physics at The University of Hong Kong (HKU) and Mr Ho Wan Cheng, an MPhil student in his team, has confirmed the existence of a planet in an unprecedented retrograde orbit (moving in the opposite direction to the binary's orbit) in the nu Octantis (nu Octantis) binary star system and revealed the role of binary star evolution in the origin of this planet. The findings have been published in the journal Nature.


						
nu Octantis is a tight binary star system comprising a primary subgiant star, nu Oct A, with about 1.6 times the mass of the Sun, and a secondary star, nu Oct B, with about half the mass of the Sun. The two stars orbit each other with a period of 1,050 days.

An additional periodic signal in the radial velocity observations (measurements of how a star moves towards or away from us) of this system was first reported by Dr David Ramm, a co-author of this new paper, during his PhD studies at the University of Canterbury, New Zealand, in 2004. This signal was consistent with the presence of a Jovian planet of about twice the mass of Jupiter orbiting around the primary star, nu Oct A, with a period of about 400 days. However, the existence of this planet has been controversial because its orbit would be so wide that it could only remain stable if it were retrograde and moved in the opposite direction to the orbit of the binary. There were no observational precedents for such a planet and strong theoretical grounds against its formation.

To settle the debate, the research team obtained new high-precision radial velocity observations using the European Southern Observatory (ESO)'s HARPS spectrograph, which confirmed the existence of the planet signal. "We performed an analysis of the new and archival radial velocity data spanning 18 years and found stable fits that require the planetary orbit to be retrograde and nearly in the same plane as the binary orbit," said Mr Ho Wan Cheng, the first author of the paper.

Another key focus of the new study was the determination of the nature of the secondary star nu Oct B. The mass of nu Oct B suggests that it could be either a low-mass main-sequence star or a white dwarf. All stars spend most of their lives on the main sequence, generating energy through nuclear fusion of hydrogen to helium in their core. After a star has exhausted its nuclear fuel, its core collapses into a stellar remnant, which would be a white dwarf if the star's initial mass is less than several times that of the Sun. A white dwarf has a mass comparable to that of the Sun packed in an Earth-sized volume.

To identify which type of star nu Oct B is, the research team used the adaptive optics imaging instrument SPHERE at ESO's Very Large Telescope to observe the system. The fact that nu Oct B was not detected in these observations indicated that it must be a very faint white dwarf. This suggests that the binary system has evolved significantly since its formation, as nu Oct B has already ejected most of its mass and entered the final stage of its stellar evolution.

The research team looked into the possible primordial configurations of the binary -- that is, the initial masses of the two stars and the initial orbit of the binary. "We found that the system is about 2.9 billion years old and that nu Oct B was initially about 2.4 times the mass of the Sun and evolved to a white dwarf about 2 billion years ago," said Cheng. "Our analysis showed that the planet could not have formed around nu Oct A at the same time as the stars."

The discovery that nu Oct B is a white dwarf opens new possibilities for how the retrograde planet may have originated. "When nu Oct B evolved into a white dwarf about 2 billion years ago, the planet could have formed in a retrograde disc of material around nu Oct A accreted from the mass ejected by nu Oct B, or it could be captured from a prograde orbit around the binary into a retrograde orbit around nu Oct A," explained Professor Man Hoi LEE.

"We might be witnessing the first compelling case of a second-generation planet; either captured, or formed from material expelled by nu Oct B, which lost more than 75% of its primordial mass to become a white dwarf," added Dr Trifon TRIFONOV of Zentrum fur Astronomie der Universitat Heidelberg in Germany and Sofia University St. Kliment Ohridski in Bulgaria and a co-author of the paper.

"The key to this exciting discovery was the use of several complementary methods to characterise the system in its entirety," said PD Dr Sabine REFFERT of Zentrum fur Astronomie der Universitat Heidelberg and another co-author of the paper.

As astronomers continue to search for planets in different environments, this study highlights that planets in tight binary systems with evolved stellar components could offer unique insights into the formation and evolution of planets.

This research uses two facilities operated by the European Southern Observatory (ESO), namely the High Accuracy Radial Velocity Planet Searcher (HARPS) spectrograph at the ESO La Silla 3.6-metre telescope and the Spectro-Polarimetric High-contrast Exoplanet Research (SPHERE) instrument at the Very Large Telescope.
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Hidden gene in leukemia virus could revolutionize HIV treatment | ScienceDaily
A research team from Kumamoto University has made a groundbreaking discovery that reveals how the human T-cell leukemia virus type 1 (HTLV-1) silently persists in the body, potentially laying the foundation for new therapeutic approaches. Their findings, published on May 13, 2025, in Nature Microbiology, identify a previously unknown genetic "silencer" element that keeps the virus in a dormant, undetectable state.


						
HTLV-1 is a cancer-causing retrovirus known to lead to adult T-cell leukemia/lymphoma (ATL), an aggressive and often fatal disease. Although most infected individuals remain asymptomatic for life, a fraction eventually develops leukemia or other inflammatory conditions. The virus achieves long-term persistence by entering a "latent" state, during which its genetic material hides inside the host's genome with minimal activity -- evading immune detection.

In this study, the research team, led by Professor Yorifumi Satou from the Joint Research Center for Human Retrovirus, Kumamoto University, identified a specific region within the HTLV-1 genome that functions as a viral silencer. This sequence recruits host transcription factors, particularly the RUNX1 complex, which suppresses the virus's gene expression. When this silencer region was removed or mutated, the virus became more active, leading to greater immune recognition and clearance in lab models.

Remarkably, when the HTLV-1 silencer was artificially inserted into HIV-1 -- the virus that causes AIDS -- the HIV virus adopted a more latent-like state, with reduced replication and cell killing. This suggests that the silencer mechanism could potentially be harnessed to design better therapies for HIV as well.

"This is the first time we've uncovered a built-in mechanism that allows a human leukemia virus to regulate its own invisibility," said Professor Satou. "It's a clever evolutionary tactic, and now that we understand it, we might be able to turn the tables in treatment."

The findings offer hope not only for understanding and treating HTLV-1, especially in endemic regions like southwestern Japan, but also for broader retroviral infections.
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This sugar molecule could stop type 1 diabetes, by fooling the immune system | ScienceDaily
Scientific breakthroughs in one disease don't always shed light on treating other diseases. But that's been the surprising journey of one Mayo Clinic research team. After identifying a sugar molecule that cancer cells use on their surfaces to hide from the immune system, the researchers have found the same molecule may eventually help in the treatment of type 1 diabetes, once known as juvenile diabetes.


						
Type 1 diabetes is a chronic autoimmune condition in which the immune system errantly attacks pancreatic beta cells that produce insulin. The disease is caused by genetic and other factors and affects an estimated 1.3 million people in the U.S.

In their studies, the Mayo Clinic researchers took a cancer mechanism and turned it on its head. Cancer cells use a variety of methods to evade immune response, including coating themselves in a sugar molecule known as sialic acid. The researchers found in a preclinical model of type 1 diabetes that it's possible to dress up beta cells with the same sugar molecule, enabling the immune system to tolerate the cells.

"Our findings show that it's possible to engineer beta cells that do not prompt an immune response," says immunology researcher Virginia Shapiro, Ph.D., principal investigator of the study, published in the Journal of Clinical Investigation.

A few years ago, Dr. Shapiro's team demonstrated that an enzyme, known as ST8Sia6, that increases sialic acid on the surface of tumor cells helps tumor cells appear as though they are not foreign entities to be targeted by the immune system.

"The expression of this enzyme basically 'sugar coats' cancer cells and can help protect an abnormal cell from a normal immune response. We wondered if the same enzyme might also protect a normal cell from an abnormal immune response," Dr. Shapiro says. The team first established proof of concept in an artificially-induced model of diabetes.

In the current study, the team looked at preclinical models that are known for the spontaneous development of autoimmune (type 1) diabetes, most closely approximating the process that occurs in patients. Researchers engineered beta cells in the models to produce the ST8Sia6 enzyme.




In the preclinical models, the team found that the engineered cells were 90% effective in preventing the development of type 1 diabetes. The beta cells that are typically destroyed by the immune system in type 1 diabetes were preserved.

Importantly, the researchers also found the immune response to the engineered cells appears to be highly specific, says M.D.-Ph.D. student Justin Choe, first author of the publication. Choe conducted the study in the Ph.D. component of his dual degree at Mayo Clinic Graduate School of Biomedical Sciences and Mayo Clinic Alix School of Medicine.

"Though the beta cells were spared, the immune system remained intact," Choe says. The researchers were able to see active B- and T-cells and evidence of an autoimmune response against another disease process. "We found that the enzyme specifically generated tolerance against autoimmune rejection of the beta cell, providing local and quite specific protection against type 1 diabetes."

No cure currently exists for type 1 diabetes, and treatment involves using synthetic insulin to regulate blood sugar, or, for some people, undergoing a transplant of pancreatic islet cells, which include the much-needed beta cells. Because transplantation involves immunosuppression of the entire immune system, Dr. Shapiro aims to explore using the engineered beta cells in transplantable islet cells with the goal of ultimately improving therapy for patients.

"A goal would be to provide transplantable cells without the need for immunosuppression," says Dr. Shapiro. "Though we're still in the early stages, this study may be one step toward improving care."

The research was funded by grants from the National Institutes of Health.
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Scientists just solved the 9-million-year mystery of where potatoes came from | ScienceDaily
An international research team has uncovered that natural interbreeding in the wild between tomato plants and potato-like species from South America about 9 million years ago gave rise to the modern-day potato.


						
In a study publishing in the Cell Press journal Cell, researchers suggest this ancient evolutionary event triggered the formation of the tuber, the enlarged underground structure that stores nutrients found in plants like potatoes, yams, and taros.

"Our findings show how a hybridization event between species can spark the evolution of new traits, allowing even more species to emerge," says corresponding author Sanwen Huang of the Chinese Academy of Agricultural Sciences, China. "We've finally solved the mystery of where potatoes came from."

As one of the world's most important crops, the potato's origin had long puzzled scientists. In appearance, modern potato plants are almost identical to three potato-like species from Chile called Etuberosum. But these plants do not carry tubers. Based on phylogenetic analysis, potato plants are more closely related to tomatoes.

To solve this contradiction, the research team analyzed 450 genomes from cultivated potatoes and 56 of the wild potato species.

"Wild potatoes are very difficult to sample, so this dataset represents the most comprehensive collection of wild potato genomic data ever analyzed," says the paper's first author Zhiyang Zhang of the Agricultural Genomics Institute at Shenzhen, Chinese Academy of Agricultural Sciences.

They found that every potato species contained a stable, balanced mix of genetic material from both Etuberosum and tomato plants, suggesting that potatoes originated from an ancient hybridization between the two.




While Etuberosum and tomatoes are distinct species, they shared a common ancestor about 14 million years ago. Even after diverging for about 5 million years, they were able to interbreed and gave rise to the earliest potato plants with tubers around 9 million years ago.

The team also traced the origins of the potato's key tuber-forming genes, which are a combination of genetic material from each parent. They found the SP6A gene, which acts like a master switch that tells the plant when to start making tubers, came from the tomato side of the family. Another important gene called IT1, which helps control growth of the underground stems that form tubers, came from the Etuberosum side. Without either piece, the hybrid offspring would be incapable of producing tubers.

This evolutionary innovation coincided with the rapid uplift of the Andes mountains, a period when new ecological environments were emerging. With a tuber to store nutrients underground, early potatoes were able to quickly adapt to the changing environment, surviving harsh weather in the mountains.

Tubers also allow potato plants to reproduce without seeds or pollination. They grow new plants by simply sprouting from buds on the tuber. This trait allowed them to rapidly expand and fill diverse ecological niches from mild grasslands to high and cold alpine meadows in Central and South America.

"Evolving a tuber gave potatoes a huge advantage in harsh environments, fueling an explosion of new species and contributing to the rich diversity of potatoes we see and rely on today," Huang said.
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515-mile lightning flash caught from space | ScienceDaily
It was a single lightning flash that streaked across the Great Plains for 515 miles, from eastern Texas nearly all the way to Kansas City, setting a new world record.


						
"We call it megaflash lightning and we're just now figuring out the mechanics of how and why it occurs," said Randy Cerveny, an Arizona State University President's Professor in the School of Geographical Sciences and Urban Planning.

Cerveny and colleagues used space-based instruments to measure the megaflash, which took place during a major thunderstorm in October 2017. Its astonishing horizontal reach surpasses by 38 miles the previous record of 477 miles recorded during an April 2020 storm in the southern U.S. The new record-setter went unnoticed until a re-examination of satellite observations from the 2017 storm.

"It is likely that even greater extremes still exist, and that we will be able to observe them as additional high-quality lightning measurements accumulate over time," said Cerveny, who serves as rapporteur of weather and climate extremes for the World Meteorological Organization, the weather agency of the United Nations.

For years, lightning detection and measurement relied on ground-based networks of antennas that detect the radio signals emitted by lightning and then estimate location and travel speed based on the time it takes signals to reach other antenna stations in the network.

Satellite-borne lightning detectors in orbit since 2017 have made it possible to continuously detect lightning and measure it accurately at continental-scale distances.

"Our weather satellites carry very exacting lightning detection equipment that we can use document to the millisecond when a lightning flash starts and how far it travels," Cerveny said.




Parked in geostationary orbit, the National Oceanic and Atmospheric Agency's GOES-16 satellite detects around one million lightning flashes per day. It is the first of four NOAA satellites equipped with geostationary lightning mappers, joined by similar satellites launched by Europe and China.

"Adding continuous measurements from geostationary orbit was a major advance," said Michael Peterson at the Georgia Tech Research Institute. "We are now at a point where most of the global megaflash hotspots are covered by a geostationary satellite, and data processing techniques have improved to properly represent flashes in the vast quantity of observational data at all scales." Peterson is first author of a report in the Bulletin of the American Meteorological Society documenting the new lightning record.

Most lightning flashes are limited to less than 10 miles in reach. When a lightning bolt reaches beyond 60 miles (100 kilometers to be exact), it's considered a megaflash. Less than 1 percent of thunderstorms produce megaflash lightning, according to satellite observations analyzed by Peterson. They arise from storms that are long-lived, typically brewing for 14 hours or more, and massive in size, covering an area comparable in square miles to the state of New Jersey. The average megaflash shoots off five to seven ground-striking branches from its horizontal path across the sky.

While megaflashes that extend hundreds of miles are rare, it's not at all unusual for lightning to strike 10 or 15 miles from its storm-cloud origin, Cerveny said. And that adds to the danger. Cerveny said people don't realize how far lightning can reach from its parent thunderstorm.

Lightning kills 20 to 30 people each year in the U.S. and injures hundreds more. Most lightning strike injuries occur before and after the thunderstorm has peaked, not at the height of the storm.

"That's why you should wait at least a half an hour after a thunderstorm passes before you go out and resume normal activities," Cerveny said. "The storm that produces a lightning strike doesn't have to be over the top of you."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250801021013.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Did drunk apes help us evolve? New clues reveal why we digest alcohol so well | ScienceDaily
If scientists are to better understand whether the genes that let us safely welcome the weekend with a cold beer or enjoy a bottle of wine with dinner began with apes eating fermented fruit, then the habit needs a name, according to a new study.


						
"Scrumping" is the name coined in a paper led by researchers at Dartmouth and the University of St Andrews in Scotland for the fondness apes have for eating ripe fruit from the forest floor. These primates' palate for picked-up produce has taken on new importance in recent years, the researchers report in the journal BioScience.

But scientists cannot fully understand the significance of this behavior -- particularly for human evolution -- because "we never bothered to differentiate fruits in trees from fruits on the ground," says Nathaniel Dominy, the Charles Hansen Professor of Anthropology at Dartmouth and a corresponding author of the paper, which includes co-author Luke Fannin, a postdoctoral researcher at Dartmouth.

In other words, scrumping by no name at all just looks like eating fruit, Dominy says. The researchers write that geneticists reported in a 2015 study that eating fermented fruit may have triggered a single amino acid change in the last common ancestor of humans and African apes that boosted their ability to metabolize alcohol by 40 times.

"It's a fascinating idea, but nobody studying these ape species, or Asian apes, had the data to test it. It just wasn't on our radar," Dominy says. "It's not that primatologists have never seen scrumping -- they observe it pretty regularly. But the absence of a word for it has disguised its importance. We're hoping to fill an important void in scientific discourse."

Scrumping, the researchers write, describes the act of gathering -- or sometimes stealing -- windfallen apples and other fruits. The word is the English form of the medieval German word "schrimpen," a noun meaning "shriveled" or "shrunken" used to describe overripe or fermented fruit. In England today, scrumpy refers to a cloudy apple cider with an alcohol by volume content that ranges from 6 to 9%.

The researchers set out to better determine how common their new behavior classification is among great apes. They examined dietary reports of orangutans, chimpanzees, and mountain and western gorillas observed in the wild.




Feeding events were cross-referenced with how high off the ground the animal was when it ate, as well as the height at which the fruit grows. If an ape at ground level was recorded eating a fruit known to grow in the middle or upper levels of the forest canopy, it was counted as scrumping.

The researchers found that African apes "scrump" on a regular basis, but orangutans do not. These results corroborate the 2015 gene-sequencing study, which found the primary enzyme for metabolizing ethanol is relatively inefficient in orangutans and other non-human primates.

The authors of the BioScience paper propose that metabolizing ethanol may let African apes safely eat the ripe, fermented fruit they find on the ground. This adaptation could free them from competing with monkeys for unripe fruit in trees. It also could spare large apes the risk of climbing and possibly falling out of trees, which a 2023 study by Dominy and Fannin reports is so incredibly dangerous that it influenced human physiology.

Given that chimpanzees consume about 10 pounds of fruit each day, the team's analysis suggests these animals ingest a non-trivial amount of alcohol, Dominy says. That level of intake suggests that chronic low-level exposure to ethanol may be a significant component of chimpanzee life, and a major force of human evolution.

The next step is measuring levels of fermentation in fruits in the trees versus fruits on the ground to better estimate alcohol consumption in chimpanzees, Dominy says.

"Scrumping by the last common ancestor of gorillas, chimpanzees, and humans about 10 million years ago could explain why humans are so astoundingly good at digesting alcohol," Dominy says. "We evolved to metabolize alcohol long before we ever figured out how to make it, and making it was one of the major drivers of the Neolithic Revolution that turned us from hunter-gatherers into farmers and changed the world."

Humans might also have retained social aspects that apes bring to scrumping, says Catherine Hobaiter, a professor of psychology and neuroscience at St Andrews and co-corresponding author of the study.




"A fundamental feature of our relationship with alcohol is our tendency to drink together, whether a pint with friends or a large social feast," Hobaiter says. "The next step is to investigate how shared feeding on fermented fruits might also influence social relationships in other apes."

The word scrumping will catch on if other scientists see its descriptive value, Dominy says. The paper in BioScience notes other words invented to capture new concepts, such as "symbiosis" -- coined in 1877 -- and the now ubiquitous "meme," introduced by evolutionary biologist Richard Dawkins in 1976.

"These are great examples of words that we never knew we needed, until we did. If the term is useful, then it will catch on," Dominy says. "That's natural selection at work!"
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Unwanted pregnancies surge with alcohol, but not with cannabis, study finds | ScienceDaily
A new study has found that, among women with a high desire to avoid becoming pregnant, those who drank heavily had a 50% higher risk of becoming pregnant than those who drank moderately or not at all. In contrast, participants who used cannabis were no more likely to have an undesired pregnancy than participants who did not use cannabis.


						
From a larger sample of over 2,000 non-pregnant women aged 15-34, researchers identified a subgroup of 936 who didn't want to get pregnant. Within that subgroup, 429 reported heavy drinking (as measured using a standard alcohol screening questionnaire) and 362 reported using cannabis (including 157 who reported daily or almost daily use).

Those who drank heavily and those who used cannabis frequently had a higher overall desire to avoid pregnancy, compared with participants who drank moderately or not at all and participants who did not use cannabis.

Over the course of one year, 71 of the 936 women who most wanted to avoid pregnancy became pregnant. More than half of those undesired pregnancies (38) occurred among those who drank heavily, more than the combined number for those who drank moderately or not at all. In other words, heavy drinking was associated with a higher risk of undesired pregnancy compared with lower levels of drinking.

In contrast, less than half of the 71 undesired pregnancies (28) occurred among people who used cannabis, meaning that those who used cannabis did not show an elevated risk of undesired pregnancy compared with people who did not use cannabis.

Lead author Dr Sarah Raifman, of the University of California, San Francisco, School of Medicine, comments: "This study made two important findings. First, non-pregnant women who drink heavily appear, on average, to have a higher desire to avoid pregnancy than those who drink moderately or not at all. Second, drinking heavily as opposed to moderately or not at all appears to put those who most want to avoid pregnancy at higher risk of becoming pregnant within one year. Finding out why those pregnancies happen is the next step in our research."

"In the meantime, given the potentially life-altering effects of fetal alcohol spectrum disorders (which occur when a fetus is exposed to alcohol through the mother's drinking) and the fact that the risk of FASD increases with the amount and duration of the mother's drinking, it's important for doctors and clinicians to support women who drink heavily to stop drinking as soon as they suspect an unintentional pregnancy."

This study was funded by the Eunice Kennedy Shriver National Institute of Child Health and Human Development (R01-HD108643) and by the National Institute on Alcohol Abuse and Alcoholism (F31AA028988).
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4,000-year-old teeth reveal the earliest human high - Hidden in plaque | ScienceDaily
In south-east Asia, betel nut chewing has been practiced since antiquity. The plants contain compounds that enhance the consumer's alertness, energy, euphoria, and relaxation. Although the practice is becoming less common in modern times, it has been deeply embedded in social and cultural traditions for thousands of years. Chewing betel nuts typically results in dark, reddish-brown to black stained teeth.


						
Yet, teeth without staining may not mean that people didn't chew betel nuts. Now, using a new method, an international team of researchers examined ancient dental plaque from Bronze Age Thailand and found evidence of betel nut chewing.

"We identified plant derivatives in dental calculus from a 4,000-year-old burial at Nong Ratchawat, Thailand," said first author of the Frontiers in Environmental Archaeology study Dr Piyawit Moonkham, an anthropological archaeologist at Chiang Mai University in Thailand. "This is the earliest direct biomolecular evidence of betel nut use in south-east Asia."

"We demonstrate that dental calculus can preserve chemical signatures of psychoactive plant use for millennia, even when conventional archaeological evidence is completely absent," added Dr Shannon Tushingham, the senior author, who is the associate curator of anthropology at the California Academy of Sciences. "In essence, we've developed a way to make the invisible visible -- revealing behaviors and practices that have been lost to time for 4,000 years."

Hidden in plaque

At Nong Ratchawat, an archaeological site in central Thailand that dates back to the Bronze Age, 156 human burials have been unearthed since 2003. For the present study, the team collected 36 dental calculus samples from six individuals.

Back in the lab, they removed tiny amounts of plaque from the samples and the chemical residues found therein underwent analysis. The team also used betel liquid samples they produced themselves to ensure psychoactive compounds could be reliably detected through their analysis and to understand the complex biochemical interactions between ingredients. "We used dried betel nut, pink limestone paste, Piper betel leaves, and sometimes Senegalia catechu bark and tobacco. We ground the ingredients with human saliva to replicate authentic chewing conditions," Moonkham said. "Sourcing materials and experimentally 'chewing' betel nuts to create authentic quid samples was both a fun and interesting process."

The results showed that three of the archaeological samples - all stemming from a molar of the same individual, Burial 11 - contained traces of arecoline and arecaidine. These organic compounds, found in betel nuts but also plants like coffee, tea, and tobacco, have pronounced physiological effects on humans. This suggests that betel nuts were chewed as early as 4,000 years ago in Thailand.




'Archaeologically invisible' proof

"The presence of betel nut compounds in dental calculus does suggest repeated consumption, as these residues become incorporated into mineralized plaque deposits over time through regular exposure," explained Tushingham. Accordingly, the absence of tooth-staining raises questions. It could be the result of different consumption methods, the team pointed out. It could also be due to post-consumption teeth cleaning practices, or post-mortem processes affecting stain preservation over 4,000 years.

While traces of betel nut chewing were found in samples from only one individual, there is currently no proof that Burial 11 received special treatment or was of elevated social status or unique ritual significance compared to the other burials at Nong Ratchawat. The presence of stone beads as grave goods, however, could provide hints as to the individual's identity or lived experience. Studying more individuals at Nong Ratchawat and other local sites to learn when and to whom such grave goods were given could provide valuable evidence, the team said.

The methods the researchers applied can be used to examine the remaining burials at Nong Ratchawat and at other sites, they said. "Dental calculus analysis can reveal behaviors that leave no traditional archaeological traces, potentially revolutionizing our understanding of ancient lifeways and human-plant relationships," Tushingham said. "It could open new windows into the deep history of human cultural practices."

"Understanding the cultural context of traditional plant use is a larger theme we want to amplify -- psychoactive, medicinal, and ceremonial plants are often dismissed as drugs, but they represent millennia of cultural knowledge, spiritual practice, and community identity," Moonkham concluded. "Archaeological evidence can inform contemporary discussions by honoring the deep cultural heritage behind these practices."
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Pain relief without pills? VR nature scenes trigger the brain's healing switch | ScienceDaily
Immersing in virtual reality (VR) nature scenes helped relieve symptoms that are often seen in people living with long-term pain, with those who felt more present experiencing the strongest effects.


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

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

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

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

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

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




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

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

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

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

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

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


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

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

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

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

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

A cool amplifier discovery

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




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

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

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

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

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

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




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

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

"In summer, I love walking along Lake Michigan and having a gentle breeze hit my face. I feel very cool, very comfortable," Duan said. "But the winter is really terrible for me."
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The pandemic's secret aftershock: Inside the gut-brain breakdown | ScienceDaily
A new international study confirmed a significant post-pandemic rise in disorders of gut-brain interaction, including irritable bowel syndrome (IBS) and functional dyspepsia, according to the paper published in Clinical Gastroenterology and Hepatology. 


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

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

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

Irritable bowel syndrome

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

Functional dyspepsia

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


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

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

A new modulatory pathway

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

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

An unexpected receptor

Using cutting-edge techniques - imaging, optogenetics, pharmacology and, above all, electrophysiology - the research team was able to record the electrical activity of tiny structures such as dendrites. These approaches helped clarify how this modulation works at the synaptic level. Normally, the neurotransmitter glutamate acts as an activation signal. It helps neurons transmit sensory information by triggering an electrical response in the next neuron.




In this newly discovered mechanism, glutamate released from thalamic projections binds to an alternative receptor located in a specific region of the cortical pyramidal neuron. Rather than directly exciting the neuron, this interaction alters its state of responsiveness, effectively priming it for future sensory input. The neuron then becomes more easily activated, as if it were being conditioned to better respond to a future sensory stimulus.

''This is a previously unknown pathway for modulation. Usually, the modulation of pyramidal neurons is ensured by the balance between excitatory and inhibitory neurons, not by this type of mechanism,'' explains Ronan Chereau.

Implications for perception and disorders

By demonstrating that a specific feedback loop between the somatosensory cortex and the thalamus can modulate the excitability of cortical neurons, the study suggests that thalamic pathways do not simply transmit sensory signals, but also act as selective amplifiers of cortical activity. ''In other words, our perception of touch is not only shaped by incoming sensory data, but also by dynamic interactions within the thalamocortical network,'' adds Anthony Holtmaat. This mechanism could also contribute to understanding the perceptual flexibility observed in states of sleep or wakefulness, when sensory thresholds vary. Its alteration could also play a role in certain pathologies, such as autism spectrum disorders.
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What happens when light smashes into itself? Scientists just found out | ScienceDaily
Usually, light waves can pass through each other without any resistance. According to the laws of electrodynamics, two light beams can exist in the same place without influencing each other; they simply overlap. Light saber battles, as seen in science fiction films, would therefore be rather boring in reality.


						
Nevertheless, quantum physics predicts the effect of "light-on-light scattering." Ordinary lasers are not powerful enough to detect it, but it has been observed at the CERN particle accelerator. Virtual particles can literally emerge from nothing for a short time, interact with the photons and change their direction. The effect is extremely small, but it must be understood precisely in order to verify particle physics theories through current high-precision experiments on muons. A team at TU Wien (Vienna) has now been able to show that a previously underestimated aspect plays an important role in this: the contribution of so-called tensor mesons. The new results have been published in the journal Physical Review Letters.

Virtual particles from nothing

When photons interact with photons, virtual particles can be created. They cannot be measured directly, as they disappear immediately. In a sense, they are constantly there and not there at the same time -- quantum physics allows such superpositions of states that would be mutually exclusive according to our classical everyday understanding.

"Even though these virtual particles cannot be observed directly, they have a measurable effect on other particles," says Jonas Mager from the Institute of Theoretical Physics at TU Wien, lead author of the study. "If you want to calculate precisely how real particles behave, you have to take all conceivable virtual particles into account correctly. That's what makes this task so difficult -- but also so interesting."

When light scatters off light, a photon may transform, for example, into an electron-positron pair. Other photons can then interact with these two particles before the electron and positron annihilate each other and become a new photon. Things become more complicated when heavier particles are created that are also subject to strong nuclear forces -- for example, mesons, which consist of a quark and an antiquark.

"There are different types of these mesons," says Jonas Mager. "We have now been able to show that one of them, the tensor mesons, has been significantly underestimated. Through the effect of light-light scattering, they influence the magnetic properties of muons, which can be used to test the Standard Model of particle physics with extreme accuracy." Tensor mesons did appear in earlier calculations, but with very rough simplifications. In the new evaluation, not only does their contribution turn out to be much stronger than previously assumed, but it also has a different sign than previously thought, thus influencing the results in the opposite direction.




Unusual theoretical methods

This result also resolves a discrepancy that arose last year between the latest analytical calculations and alternative computer simulations. "The problem is that conventional analytical calculations can describe the strong interactions of quarks only well in limiting cases," says Anton Rebhan (TU Wien).

The TU Wien team, on the other hand, used an unconventional method -- holographic quantum chromodynamics. This involves mapping processes in four dimensions (i.e. three spatial dimensions and one time dimension) onto a five-dimensional space with gravity. Some problems can then be solved more easily in this other space, and the results are then transformed back again. "The tensor mesons can be mapped onto five-dimensional gravitons, for which Einstein's theory of gravity makes clear predictions," explains Anton Rebhan. "We now have computer simulations and analytical results that fit well together but deviate from certain previous assumptions. We hope that this will also provide new impetus to accelerate already planned specific experiments on tensor mesons."

The standard model put to the test

These analyses are important for one of the biggest questions in physics: How reliable is the Standard Model of particle physics? This is the generally accepted quantum physical theory that describes all known types of particles and all forces of nature -- except gravity.

The accuracy of the Standard Model can be investigated particularly well in a few special test cases, for example by measuring the magnetic moment of muons. For many years, scientists have been puzzling over whether certain discrepancies between theory and experiment point to "new physics" beyond the Standard Model, or whether they are simply inaccuracies or errors. The discrepancy in the muon magnetic moment has recently become much smaller -- but in order to really search for new physics, the remaining theoretical uncertainties must also be understood as precisely as possible. This is exactly what the new work contributes to.
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400-million-year-old fish exposes big mistake in how we understood evolution | ScienceDaily
The coelacanth is known as a "living fossil" because its anatomy has changed little in the last 65 million years. Despite being one of the most studied fish in history, it continues to reveal new information that could transform our understanding of vertebrate evolution. This is revealed in a study published in the journal Science Advances by researchers from the University of Sao Paulo (USP) in Brazil and the Smithsonian Institution in the United States.


						
Upon re-examining the cranial musculature of the African coelacanth (Latimeria chalumnae), the authors discovered that only 13% of the previously identified evolutionary muscle novelties for the largest vertebrate lineages were accurate. The study also identified nine new evolutionary transformations related to innovations in feeding and respiration in these groups.

"Ultimately, it's even more similar to cartilaginous fish [sharks, rays, and chimaeras] and tetrapods [birds, mammals, amphibians, and reptiles] than previously thought. And even more distinct from ray-finned fish, which make up about half of living vertebrates," says Alessio Datovo, a professor at the Museum of Zoology (MZ) at USP supported by FAPESP, who led the study.

Among the evolutionary novelties erroneously identified as present in coelacanths are muscles responsible for actively expanding the buccopharyngeal cavity, which extends from the mouth to the pharynx. This set of muscles is directly related to food capture and respiration. However, the study showed that these supposed muscles in coelacanths were actually ligaments, which are structures incapable of contraction.

Ray-finned fish (actinopterygii) and lobe-finned fish (sarcopterygii) diverged from a common ancestor approximately 420 million years ago. The sarcopterygii include fish such as coelacanths and lungfish, as well as all other tetrapods, because they evolved from an aquatic ancestor. These include mammals, birds, reptiles, and amphibians.

In ray-finned fish, such as aquarium carp, it is easy to see how the mouth moves to suck in food. This ability gave actinopterygii a significant evolutionary advantage; today, they comprise about half of all living vertebrates.

This is a fundamental difference from other fish, such as coelacanths and sharks, which primarily feed by biting their prey.




"In previous studies, it was assumed that this set of muscles that would give greater suction capacity was also present in coelacanths and, therefore, would have evolved in the common ancestor of bony vertebrates, which we now show isn't true. This only appeared at least 30 million years later, in the common ancestor of living ray-finned fish," points out Datovo.

Behind the scenes

Coelacanths are extremely rare fish that live about 300 meters below the surface of the water and spend their days in underwater caves.

One reason they have changed so little since the extinction of the dinosaurs is that they have few predators and live in a relatively protected environment. This has resulted in slow changes to their genome, as shown by a 2013 study published in the journal Nature.

Coelacanths were first known only from fossils from about 400 million years ago. It was not until 1938 that a living animal was discovered, much to the astonishment of scientists. In 1999, another species (Latimeria chalumnae) was discovered in Asian waters.

Due to the rarity of specimens in museums, researchers from USP and the Smithsonian Institution's National Museum of Natural History had to persevere to find an institution willing to lend animals for dissection.




The Field Museum in Chicago and the Virginia Institute of Marine Science, both in the United States, finally agreed to lend one specimen each. According to Datovo, G. David Johnson, co-author of the article, deserves credit for obtaining the loan.

Johnson, born in 1945, was "probably the greatest fish anatomist of his time," according to Datovo. He died in November 2024 after a domestic accident while the study was under review.

Contribution

"Contrary to what it may seem, dissecting a specimen does not mean destroying it as long as it's done properly," says Datovo.

The researcher, who has been conducting this type of study for over 20 years, spent six months separating all the muscles and skull bones of the coelacanth. These structures are now preserved and can be studied individually by other scientists, eliminating the need to dissect a new animal.

Seeing each muscle and nerve firsthand allowed the authors to identify what was actually in the coelacanth's head with certainty, point out previously undescribed structures, and correct errors that had been repeated in the scientific literature for over 70 years.

"There were many contradictions in the literature. When we finally got to examine the specimens, we detected more errors than we'd imagined. For example, 11 structures described as muscles were actually ligaments or other types of connective tissue. This has a drastic consequence for the functioning of the mouth and breathing, because muscles perform movement, while ligaments only transmit it," he explains.

Due to the position of coelacanths in the vertebrate tree of life, the discovery impacts our understanding of cranial evolution in all other large vertebrate groups.

With this information, the researcher used three-dimensional microtomography images of the skulls of other groups of fish, both extinct and living. These images are made available by other researchers who study fish anatomy when they perform 3D scans.

From images of the skull bones of other fish from completely extinct lineages, Datovo and Johnson were able to infer where the muscles found in coelacanths would fit, elucidating the evolution of these muscles in the first jawed vertebrates. In future work, Datovo intends to analyze similarities with the muscles of tetrapods, such as amphibians and reptiles.
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Clockwork from scratch: How scientists made timekeeping cells | ScienceDaily
A team of UC Merced researchers has shown that tiny artificial cells can accurately keep time, mimicking the daily rhythms found in living organisms. Their findings shed light on how biological clocks stay on schedule despite the inherent molecular noise inside cells.


						
The study, recently published in Nature Communications, was led by bioengineering Professor Anand Bala Subramaniam and chemistry and biochemistry Professor Andy LiWang. The first author, Alexander Zhang Tu Li, earned his Ph.D. in Subramaniam's lab.

Biological clocks -- also known as circadian rhythms -- govern 24-hour cycles that regulate sleep, metabolism and other vital processes. To explore the mechanisms behind the circadian rhythms of cyanobacteria, the researchers reconstructed the clockwork in simplified, cell-like structures called vesicles. These vesicles were loaded with core clock proteins, one of which was tagged with a fluorescent marker.

The artificial cells glowed in a regular 24-hour rhythm for at least four days. However, when the number of clock proteins was reduced or the vesicles were made smaller, the rhythmic glow stopped. The loss of rhythm followed a reproducible pattern.

To explain these findings, the team built a computational model. The model revealed that clocks become more robust with higher concentrations of clock proteins, allowing thousands of vesicles to keep time reliably -- even when protein amounts vary slightly between vesicles.

The model also suggested another component of the natural circadian system -- responsible for turning genes on and off -- does not play a major role in maintaining individual clocks but is essential for synchronizing clock timing across a population.

The researchers also noted that some clock proteins tend to stick to the walls of the vesicles, meaning a high total protein count is necessary to maintain proper function.




"This study shows that we can dissect and understand the core principles of biological timekeeping using simplified, synthetic systems," Subramaniam said.

The work led by Subramaniam and LiWang advances the methodology for studying biological clocks, said Mingxu Fang, a microbiology professor at Ohio State University and an expert in circadian clocks.

"The cyanobacterial circadian clock relies on slow biochemical reactions that are inherently noisy, and it has been proposed that high clock protein numbers are needed to buffer this noise," Fang said. "This new study introduces a method to observe reconstituted clock reactions within size-adjustable vesicles that mimic cellular dimensions. This powerful tool enables direct testing of how and why organisms with different cell sizes may adopt distinct timing strategies, thereby deepening our understanding of biological timekeeping mechanisms across life forms."

Subramaniam is a faculty member in the Department of Bioengineering and an affiliate of the Health Sciences Research Institute (HSRI). LiWang is a faculty member in the Department of Chemistry and Biochemistry, also affiliated with HSRI. He is a fellow of the American Academy of Microbiology and the 2025 recipient of the Dorothy Crowfoot Hodgkin Award from The Protein Society.

The work was supported by Subramaniam's National Science Foundation CAREER award from the Division of Materials Research and by grants from the National Institutes of Health and Army Research Office awarded to LiWang. LiWang was supported by a fellowship from the NSF CREST Center for Cellular and Biomolecular Machines at UC Merced.
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Columbia scientists turn yogurt into a healing gel that mimics human tissue | ScienceDaily
Researchers from Columbia Engineering have established a framework for the design of bioactive injectable hydrogels formulated with extracellular vesicles (EVs) for tissue engineering and regenerative medicine applications.


						
Published on July 25 in Matter, Santiago Correa, assistant professor of biomedical engineering at Columbia Engineering, and his collaborators describe an injectable hydrogel platform that uses EVs from milk to address longstanding barriers in the development of biomaterials for regenerative medicine. EVs are particles naturally secreted by cells and carry hundreds of biological signals, like proteins and genetic material, enabling sophisticated cellular communication that synthetic materials cannot easily replicate.

In this study, Correa and colleagues designed a hydrogel system where EVs play a dual role: they act as bioactive cargo but also serve as essential structural building blocks, by crosslinking biocompatible polymers to form an injectable material. Using an unconventional approach that leveraged milk EVs from yogurt, the team was able to overcome yield constraints that hinder the development of EV-based biomaterials. The yogurt EVs enabled the hydrogel to both mimic the mechanics of living tissue and actively engage surrounding cells, promoting healing and tissue regeneration without the need for additional chemical additives.

"This project started as a basic question about how to build EV-based hydrogels. Yogurt EVs gave us a practical tool for that, but they turned out to be more than a model," said Correa who led the study with Artemis Margaronis, an NSF graduate research fellow in the Correa lab. "We found that they have inherent regenerative potential, which opens the door to new, accessible therapeutic materials."

Correa directs the Nanoscale Immunoengineering Lab at Columbia University, where his research focuses on drug delivery and immunoengineering. He is also a member of the Herbert Irving Comprehensive Cancer Center and collaborated on this project with Kam Leong, a fellow Columbia Engineering faculty member. The study was further strengthened through international collaboration with researchers from the University of Padova, including Elisa Cimetta (Department of Industrial Engineering) and graduate student Caterina Piunti. By combining Padova team's expertise in agricultural EV sourcing with the Correa lab's experience in nanomaterials and polymer-based hydrogels, the team demonstrated the power of cross-disciplinary, global partnerships in advancing biomaterials innovation.

By using yogurt-derived EVs, the team defined a design space for generating hydrogels that incorporate EVs as both structural and biological elements. They further validated the approach using EVs derived from mammalian cells and bacteria, demonstrating that the platform is modular and compatible with diverse vesicle sources. This could open the door to advanced applications in wound healing and regenerative medicine, where current treatments often fall short in promoting long-term tissue repair. By integrating EVs directly into the hydrogel structure, the material enables sustained delivery of their bioactive signals. Because the hydrogel is injectable, it can also be delivered locally to damaged tissue.

Early experiments show that yogurt EV hydrogels are biocompatible and drive potent angiogenic activity within one week in immunocompetent mice, demonstrating that agricultural EVs not only enable fundamental biomaterials research but also hold therapeutic potential as a next-generation biotechnology. In mice, the material showed no signs of adverse reaction and instead promoted the formation of new blood vessels, a key step in effective tissue regeneration. Correa's team also observed that the hydrogel creates a unique immune environment enriched in anti-inflammatory cell types, which may contribute to the observed tissue repair processes. The team is now exploring how this immune response could help guide tissue regeneration.

"Being able to design a material that closely mimics the body's natural environment while also speed up the healing process opens a new world of possibilities for regenerative medicine," said Margaronis. "Moments like these remind me why the research field in biomedical engineering is always on the cusp of something exciting."
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Walk faster, live longer: How just 15 minutes a day can boost lifespan | ScienceDaily
Regular walking is widely recognized for its significant benefits to overall health and well-being. Previous research has primarily focused on middle-to-high-income White populations. Now, a novel analysis using data from the Southern Community Cohort Study, involving 79,856 predominantly low-income and Black individuals across 12 southeastern US states, confirms the benefits of regular walking, especially at a faster pace, within a crucial, underrepresented group. The new study appearing in the American Journal of Preventive Medicine, published by Elsevier, underscores the importance of promoting walking, particularly at a brisk pace, as an effective form of physical activity for improving health.


						
Lead investigator Wei Zheng, MD, PhD, Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center, School of Medicine, Vanderbilt University, and Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical Center, says, "While the health benefits of daily walking are well-established, limited research has investigated effects of factors such as walking pace on mortality, particularly in low-income and Black/African-American populations. Our research has shown that fast walking as little as 15 minutes a day was associated with a nearly 20% reduction in total mortality, while a smaller reduction in mortality was found in association with more than three hours of daily slow walking. This benefit remained strong even after accounting for other lifestyle factors and was consistent across various sensitivity analyses."

Participants reported the average amount of time per day (minutes) they typically spend "walking slowly (such as moving around, walking at work, walking the dog, or engaging in light exercise)" and "walking fast (such as climbing stairs, brisk walking, or exercising)." Information regarding vital status and cause of death was obtained by linking the cohort to the National Death Index.

The protective effect of fast walking extended to all causes of death but was most pronounced for cardiovascular diseases. Importantly, the benefits of fast walking were independent of overall leisure-time physical activity levels (LTPA). Even for those who are already engaged in slow walking or some LTPA, adding more fast walking further reduced mortality.

According to the study the benefits of fast walking related to cardiovascular health are:
    	Boosts heart efficiency: As an aerobic exercise, fast walking improves cardiac output, increases oxygen delivery, and enhances the efficiency of the heart's pumping action, leading to better overall cardiovascular health.
    	Manages cardiovascular risk factors: Regular fast walking helps control body weight and composition, reducing obesity and related risks like hypertension and dyslipidemia.
    	Highly accessible: Fast walking is a convenient, low-impact activity suitable for individuals of all ages and fitness levels.

Low-income populations often face economic constraints and are more likely to reside in impoverished, highly polluted communities with limited access to safe walking spaces. Additionally, these populations tend to have a higher prevalence of lifestyle behaviors that may increase disease risk and mortality, such as lower quality diet, cigarette smoking, and heavy alcohol consumption. At the same time, there are other challenges for individuals with low income such as lack of access to health insurance or healthcare that may also increase mortality. These factors collectively contribute to an increased mortality among low-income individuals and may potentially elucidate the racial disparities observed in longevity. By demonstrating the benefits of fast walking in this study, this research provides direct evidence to inform targeted interventions and policies to improve health equity.

Lead author of the article Lili Liu, MPH, Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center, School of Medicine, and Vanderbilt University, Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical Center, concludes, "Public health campaigns and community-based programs can emphasize the importance and availability of fast walking to improve health outcomes, providing resources and support to facilitate increased fast walking within all communities. Furthermore, the findings of the reduced mortality associated with fast walking pace were supported by previous studies conducted in middle- and upper-middle-income populations. Individuals should strive to incorporate more intense physical activity into their routines, such as brisk walking or other forms of aerobic exercise."
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This gut hormone could explain 40% of IBS-D cases-and lead to a cure | ScienceDaily
High levels of a hormone found in cells in the gut could underlie many cases of chronic diarrhea and help explain up to 40% of cases of patients with irritable bowel syndrome with diarrhea, according to a new study led by scientists at the University of Cambridge.


						
The research, published in the journal Gut, could help in the development of a blood test and points towards a potential new treatment.

When we eat, the liver releases bile acid to break down fats so that they can be absorbed into the body. Bile acid is released into the top end of the small intestine and then absorbed back into the body at the lower end.

However, around one person in every 100 is affected by a condition known as bile acid diarrhea (also known as bile acid malabsorption), whereby the bile acid is not properly re-absorbed and makes its way into the large intestine (colon). It can trigger urgent and watery diarrhea, and patients can risk episodes of incontinence.

Bile acid diarrhea can be difficult to diagnose as there are currently no routine clinical blood tests. Many individuals are given a diagnosis of irritable bowel syndrome (IBS), an umbrella term for a range of conditions. As many as one in 20 people is thought to have IBS, of which an estimated one in three patients with diarrhea as their main symptom have undiagnosed bile acid diarrhea.

Studies in mice have previously suggested that the gut hormone known as Insulin-Like Peptide 5 (INSL5) - present in cells at the far end of the colon and rectum - may play a role in chronic diarrhea. INSL5 is released by these cells when irritated by bile acid.

Researchers at the Institute of Metabolic Science, University of Cambridge, have been exploring whether this hormone might also underlie chronic diarrhea in humans. This has been possible thanks to a new antibody test developed by pharmaceutical company Eli Lilly, with whom the team is collaborating, which allows them to measure tiny amounts of INSL5.




A study at the University of Adelaide looking at ways to trigger release of the gut hormone GLP-1 - the hormone upon which weight-loss drugs are based - previously found that giving a bile acid enema to healthy volunteers triggered release of GLP-1, but had the unintended consequence of causing diarrhea. When the Cambridge team analyzed samples from this study, they found that the bile acid enema caused levels of INSL5 to shoot up temporarily - and the higher the INSL5 levels, the faster the volunteers needed to use the toilet. This confirmed that INSL5 is likely to play a role in chronic cases of diarrhea.

When the team analyzed samples obtained from Professor Julian Walters at Imperial College London, which include samples from patients with bile acid diarrhea, they found that while levels of INSL5 were almost undetectable in healthy volunteers, they were much higher in patients with bile acid diarrhea. In addition, the higher the INSL5 level, the more watery their stool samples.

Dr Chris Bannon from the University of Cambridge, the study's first author, said: "This was a very exciting finding because it showed us that this hormone could be playing a big part in symptoms of this misunderstood condition. It also meant it might allow us to develop a blood test to help diagnose bile acid diarrhea if INSL5 levels are only high in these individuals.

"When you go to the doctor with chronic diarrhea, it's likely they'll test for food intolerances, rule out an infection or look for signs of inflammation. There has been significant research interest in the microbiome, but gut hormones have been neglected. But it's becoming increasingly clear that gut hormones play an important role in things like gut health and weight management."

INSL5 also provides a potential target for treatment. Dr Bannon and colleagues obtained further samples from Professor Robin Spiller at the University of Nottingham, who had given the anti-sickness medication ondansetron - known to block the action of INSL5 in mice - to patients with IBS. Analysis of these samples by the Cambridge team showed that around 40% of these patients had raised levels of INSL5, even though they had had bile acid malabsorption ruled out, and these patients responded best to ondansetron.

Exactly why ondansetron is effective is currently unclear, though a known side effect of the drug is constipation. The team will now be investigating this further, hopeful that it will allow them either to repurpose the drug or to develop even better treatments. Bile acid diarrhea is usually treated with so-called bile acid sequestrants, but these are only effective in around two-thirds of patients.

Dr Bannon added: "I often get asked why we would have a hormone that gives you diarrhea. I think of it as a kind of poison sensor. Bile acids aren't meant to be in the colon - they're an irritant to the colon and they're toxic to the microbiome. It makes sense that you would have something that detects toxins and helps the body rid itself of them. But a problem develops if it's always being triggered by bile acid, causing very dramatic symptoms."

Dr Bannon is a clinical fellow in the group led by Professors Fiona Gribble and Frank Reimann at the Institute of Metabolic Science, University of Cambridge.

The research was supported by the Medical Research Council and Wellcome, with additional support from the National Institute for Health and Care Research Cambridge Biomedical Research Centre.
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Did humans learn to walk in trees? | ScienceDaily
It's hard to tell when -- and why -- our ancestors got down from trees and started walking on two legs. Many early hominins capable of bipedal walking were also well-adapted for climbing, and we lack fossil evidence from a key period when climate change turned forests into open, dry woodland called savannah-mosaic, which might have pushed hominins onto the ground. Now a study on modern chimpanzees could help fill in the gaps. Scientists observing chimpanzees in the Issa Valley, Tanzania have shown that despite living in a savannah-mosaic, they frequently climb trees for valuable food -- potentially explaining why early hominins kept their arboreal adaptations.


						
"For decades it was assumed that bipedalism arose because we came down from the trees and needed to walk across an open savannah," said Dr Rhianna Drummond-Clarke of the Max Planck Institute for Evolutionary Anthropology, lead author of the article in Frontiers in Ecology and Evolution. "Here we show that safely and effectively navigating the canopy can remain very important for a large, semi-arboreal ape, even in open habitat. Adaptations to arboreal, rather than terrestrial, living may have been key in shaping the early evolution of the human lineage."

Habitats and hunger 

Issa Valley is divided between a small amount of thick forest surrounding riverbanks and open woodland. The chimpanzees forage more in the woodland during the dry season, when it offers more food. Their habitat and diet are comparable to those of some early hominins, which means their behavior might offer insights into those extinct hominins' lives.

"Our previous research found that, compared to chimpanzees living in forests, Issa Valley chimpanzees spent just as much time moving in the trees," said Drummond-Clarke. "We wanted to test if something about how they foraged could explain their unexpectedly high arboreality. Savannah-mosaics are characterized by more sparsely distributed trees, so we hypothesized that adapting behavior to forage efficiently in a tree would be especially beneficial when the next tree is further away."

Researchers monitored the adults of the Issa community during the dry season, watching how they foraged in trees and what they ate there. The size, height, and shape of the trees were recorded, as well as the number and size of branches.

Issa chimpanzees mostly ate fruit, followed by leaves and flowers -- foods found at the ends of branches, so the chimpanzees needed to be capable climbers to reach them safely. They spent longer foraging in trees that were larger and offered more food. The longest foraging sessions, and the most specialized behaviors to navigate thinner terminal branches, were seen in trees with large open crowns offering lots of food: perhaps abundant food justified the extra time and effort. A similar trade-off between the nutritional benefits of specific foods and the effort of acquiring them could also explain why chimpanzees spent longer in trees while eating nutritionally-rich, hard-to-access seeds.




Fast food 

Because they are relatively large, chimpanzees move within trees not by climbing on thin branches but by hanging under them, or standing upright and holding on to nearby branches with their hands. Although these 'safe' behaviors are traditionally associated with foraging in dense forest, these findings show they're also important for chimpanzees foraging in a savannah-mosaic.

"We suggest our bipedal gait continued to evolve in the trees even after the shift to an open habitat," said Drummond-Clarke. "Observational studies of great apes demonstrate they can walk on the ground for a few steps, but most often use bipedalism in the trees. It's logical that our early hominin relatives also engaged in this kind of bipedalism, where they can hold onto branches for extra balance. If Issa Valley chimpanzees can be considered suitable models, suspensory and bipedal behaviors were likely vital for a large-bodied, fruit-eating, semi-terrestrial hominin to survive in an open habitat."

However, the researchers say that we need more fossil evidence and more studies on different aspects of chimpanzee foraging to test this idea.

"This study only looked at foraging behavior during the dry season," cautioned Drummond-Clarke. "It would be interesting to investigate if these patterns remain during the wet season. Analyses of the nutritional value of foods and overall food availability are also needed to test our hypothesis that a strategy of foraging for longer in large trees on certain foods is energy-efficient in an open habitat.

"Importantly, this is also only one community of chimpanzees. Future studies of other chimpanzees living in such dry, open habitats will be vital to see if these patterns are truly a savannah-mosaic signal or unique to Issa."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250729001204.htm



	Previous
	Articles
	Sections
	Next




