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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.


      
        The Earth didn't just crack, it curved. "It sent chills down my spine!"
        A surprising discovery emerged from a security camera video taken during Myanmar's recent magnitude 7.7 earthquake. While the footage initially drew attention for showing the dramatic fault movement, scientists soon realized it revealed something never captured before: curved fault slip.

      

      
        Hubble just exposed a rare and violent star collision
        Hubble has helped uncover a white dwarf that's likely the result of two stars crashing together. Carbon traces in its atmosphere tell a story of a cosmic merger, a rare phenomenon previously invisible in ordinary optical light.

      

      
        Scientists create mysterious molecule that could spark life in space
        Scientists have successfully synthesized methanetetrol, an incredibly unstable and previously elusive compound thought to be a key ingredient in the chemical evolution of life. Described as a "prebiotic concentrate" or even a "prebiotic bomb," this molecule could represent a crucial step in the cosmic recipe for life.

      

      
        'Bridge' of stray stars reveals two massive galaxies tearing each other apart
        Astronomers have discovered a ghostly, million-light-year-long bridge of stars connecting two massive galaxies within the Abell 3667 cluster, 700 million light-years away. This glowing thread of intracluster light marks the first optical evidence of a cosmic tug-of-war: a rare, aggressive galactic merger where two entire galaxy clusters are colliding and combining.

      

      
        Baby star fires a jet, then gets blasted by the fallout
        Astronomers have stumbled upon an incredible cosmic chain reaction: a young star launched a high-speed jet that ignited an explosion, creating a massive bubble in space that is now slamming back into the very star system that birthed it. This startling feedback loop, caught for the first time using ALMA data, may reshape what we know about how stars and planets form, and the volatile environments they endure. Nature, it seems, still holds dramatic surprises.

      

      
        DNA from the deep reveals a hidden ocean "superhighway"
        Deep beneath the ocean's surface, a groundbreaking DNA study reveals that the deep sea is far more globally connected than once thought. By analyzing thousands of brittle stars preserved in museum collections, scientists discovered these ancient creatures have silently migrated across the planet's seafloor for millions of years, forming a vast evolutionary network from Iceland to Tasmania.

      

      
        This prehistoric predator survived global warming by eating bones
        A prehistoric predator changed its diet and body size during a major warming event 56 million years ago, revealing how climate change can reshape animal behavior, food chains, and survival strategies.

      

      
        Scientists found the gene that makes Aussie skinks immune to deadly snake venom
        Australian skinks have developed a remarkable genetic defense against venomous snake bites by mutating a key muscle receptor, making them resistant to neurotoxins. These tiny but powerful molecular changes mirror those found in cobra-resistant mammals like mongooses and honey badgers. This evolutionary arms race not only shows how adaptable life can be but also offers exciting possibilities for creating new antivenoms and therapies in human medicine.

      

      
        Can humans regrow eyes? These snails already do
        Apple snails can fully regrow their eyes, and their genes and eye structures are strikingly similar to humans. Scientists mapped the regeneration process and used CRISPR to identify genes, including pax6, as essential to eye development, raising hopes for future human vision restoration.

      

      
        NASA and Japan's XRISM just found sulfur hiding between the stars
        An international team of scientists have provided an unprecedented tally of elemental sulfur spread between the stars using data from the Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) spacecraft.

      

      
        Star survives black hole and comes back for more
        This is the first confirmed case of a star that survived an encounter with a supermassive black hole and came back for more. This discovery upends conventional wisdom about such tidal disruption events and suggests that these spectacular flares may be just the opening act in a longer, more complex story.

      

      
        Scientists just found a massive earthquake threat hiding beneath Yukon
        A long-forgotten fault in Canada's Yukon Territory has just revealed its dangerous potential. Scientists using cutting-edge satellite and drone data discovered that the Tintina fault, previously considered dormant, has produced multiple major earthquakes in the recent geological past and could do so again. These hidden fault lines, now identified near Dawson City, may be capable of triggering devastating quakes over magnitude 7.5, posing a serious threat to communities, infrastructure, and the un...

      

      
        Scientists uncover hidden gut 'sense' that talks to your brain
        Your gut may be talking to your brain in ways we never imagined. Scientists have discovered a "neurobiotic sense" -- a rapid-response system where colon cells detect microbial proteins and instantly send appetite-suppressing messages to the brain. This breakthrough reveals how our gut microbes might shape not just digestion, but behavior, mood, and even mental health.

      

      
        This common fruit has over 1,600 compounds that boost brain, heart, and gut health
        Fresh grapes contain a potent mix of over 1,600 compounds that benefit heart, brain, skin, and gut health. New evidence suggests they deserve official superfood recognition, with benefits even at the genetic level.

      

      
        Starving tumors makes cancer treatment work better
        Pancreatic cancer cells are known for being hard to treat, partly because they change the environment around them to block drugs and immune cells. Scientists discovered that these tumors use a scavenging process--called macropinocytosis--to pull nutrients from nearby tissue and keep growing. By blocking this process in mice, researchers were able to change the tumor's environment, making it softer, less dense, and easier for immune cells and therapies to reach.

      

      
        Brain fog, falls, and fatigue? This app helps seniors cut risky meds
        McGill's MedSafer tool helps doctors identify and eliminate risky or unneeded medications in seniors, significantly improving patient outcomes. It aims to prevent harmful "prescribing cascades" and could redefine standard care.

      

      
        This diet helped people lose twice as much weight, without eating less
        People eating minimally processed foods lost twice as much weight as those on ultra-processed diets, even though both diets were nutritionally balanced and participants could eat freely. This real-world, long-term study revealed that food processing itself--not just nutrients--plays a significant role in shaping body weight and health outcomes.

      

      
        Crushing vs. Slashing: New skull scans reveal how giant dinosaurs killed
        Tyrannosaurus rex might be the most famous meat-eater of all time, but it turns out it wasn't the only way to be a terrifying giant. New research shows that while T. rex evolved a skull designed for bone-crushing bites like a modern crocodile, other massive carnivorous dinosaurs like spinosaurs and allosaurs took a very different route -- specializing in slashing and tearing flesh instead.

      

      
        Scientists just cracked the code to editing entire chromosomes flawlessly
        A group of Chinese scientists has created powerful new tools that allow them to edit large chunks of DNA with incredible accuracy--and without leaving any trace. Using a mix of advanced protein design, AI, and clever genetic tweaks, they've overcome major limitations in older gene editing methods. These tools can flip, remove, or insert massive pieces of genetic code in both plants and animals. To prove it works, they engineered rice that's resistant to herbicides by flipping a huge section of its...

      

      
        Scientists reexamine 47-year-old fossil and discover a new Jurassic sea monster
        A new long-necked marine reptile, Plesionectes longicollum, has been identified from a decades-old fossil found in Germany's Posidonia Shale. The remarkably preserved specimen rewrites part of the Jurassic marine story, revealing unexpected diversity during a time of oceanic chaos. It is now the oldest known plesiosaur from Holzmaden.

      

      
        This star survived its own supernova and shined even brighter
        In a spectacular image captured by the Hubble Space Telescope, the spiral galaxy NGC 1309 glows with cosmic elegance and hides a strange survivor.

      

      
        NASA's most advanced radar ever will track earthquakes, landslides, and ice loss from space
        NASA and ISRO have launched NISAR, a groundbreaking radar satellite that will monitor natural disasters and environmental changes across Earth. It can scan land and ice surfaces every 12 days, offering scientists vital data on earthquakes, floods, melting glaciers, and more.

      

      
        AI cracks a meteorite's secret: A material that defies heat
        A rare mineral from a 1724 meteorite defies the rules of heat flow, acting like both a crystal and a glass. Thanks to AI and quantum physics, researchers uncovered its bizarre ability to maintain constant thermal conductivity, a breakthrough that could revolutionize heat management in technology and industry.

      

      
        Johns Hopkins scientists grow a mini human brain that lights up and connects like the real thing
        Scientists at Johns Hopkins have grown a first-of-its-kind organoid mimicking an entire human brain, complete with rudimentary blood vessels and neural activity. This new "multi-region brain organoid" connects different brain parts, producing electrical signals and simulating early brain development. By watching these mini-brains evolve, researchers hope to uncover how conditions like autism or schizophrenia arise, and even test treatments in ways never before possible with animal models.

      

      
        Alzheimer's risk may start at the brain's border, not inside it
        Your brain has its own elite defense team -- and new research shows these "guardian" cells might be the real battleground for neurological diseases like Alzheimer's and stroke. Scientists discovered that most genetic risks linked to these diseases act not in neurons, but in the blood vessels and immune cells that form the blood-brain barrier.

      

      
        These butterflies look the same, but DNA uncovered six hidden species
        Glasswing butterflies may all look alike, but behind their transparent wings hides an evolutionary story full of intrigue. Researchers discovered that while these butterflies appear nearly identical to avoid predators, they produce unique pheromones to attract suitable mates from their own species. A massive genetic mapping effort has now revealed six new butterfly species and uncovered a surprisingly high level of chromosomal rearrangement that helps explain why these butterflies evolve so rapid...

      

      
        Woodpeckers thrive where missiles fly. How a bombing range became a wildlife refuge
        In a surprising twist of conservation success, a U.S. Air Force bombing range in Florida has become a sanctuary for endangered species like the red-cockaded woodpecker. Michigan State University researchers used decades of monitoring data to study the impact of moving birds from healthier populations to struggling ones. The outcome? A powerful success story showing that with long-term commitment, strategic partnerships, and smart interventions like controlled burns and translocations, even isolat...

      

      
        Researchers discover key social factors that triple long COVID risk
        New research led by Mass General Brigham reveals that people facing social challenges--like food insecurity, financial strain, and limited healthcare access--are two to three times more likely to develop long COVID.

      

      
        Radar that could find life on Europa just nailed its first big test
        NASA's Europa Clipper spacecraft just aced a key radar test while flying past Mars, proving its ability to detect structures beneath planetary surfaces--something that couldn't be tested on Earth. The radar, known as REASON, will eventually be used to explore Europa, an icy moon of Jupiter believed to harbor a subsurface ocean.

      

      
        Lupus often fades with age. Scientists finally know why
        Lupus, a relentless autoimmune disease, appears to mellow with age. While it aggressively targets organs with runaway interferon signaling in younger adults, researchers at UCSF have found that the aging process itself may naturally tone down these immune system attacks. By comparing immune markers across age groups, the team discovered that lupus patients actually show decreasing inflammation as they grow older, in stark contrast to typical "inflammaging." This surprising twist opens the door to...

      

      
        Perfectly timed cancer combo wipes out tumors by supercharging the immune system
        Head and neck cancer, notoriously hard to treat, might have a new weakness--timing. Researchers discovered that syncing radiation and immunotherapy in just the right way can make tumors disappear in mice. By protecting the body's immune system hubs, they've unlocked a potentially powerful method to fight aggressive cancers more effectively. Clinical trials are already underway, hinting at a new era in cancer treatment.

      

      
        Ancient bird droppings reveal a hidden extinction crisis
        An intriguing new study reveals that over 80% of parasites found in the ancient poo of New Zealand's endangered kakapo have vanished, even though the bird itself is still hanging on. Researchers discovered this dramatic parasite decline by analyzing droppings dating back 1,500 years, uncovering an unexpected wave of coextinctions that occurred long before recent conservation efforts began. These hidden losses suggest that as we fight to save charismatic species, we may be silently erasing whole c...

      

      
        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.
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The Earth didn't just crack, it curved. "It sent chills down my spine!" | ScienceDaily
Dramatic CCTV video of fault slip during a recent large earthquake in Myanmar thrilled both scientists and casual observers when it was posted to YouTube. But it was on his fifth or sixth viewing, said geophysicist Jesse Kearse, that he spotted something even more exciting.


						
When Kearse and his colleague Yoshihiro Kaneko at Kyoto University analyzed the video more carefully, they concluded that it had captured the first direct visual evidence of curved fault slip.

Earthquake geologists often observe curved slickenlines, the scrape marks created by blocks of rock moving past each other during faulting. But until now there has been no visual proof of the curved slip that might create these slickenlines.

The video confirmation of curved fault slip can help researchers create better dynamic models of how faults rupture, Kearse and Kaneko conclude in their paper published in The Seismic Record. (See video below.)

The video comes from a CCTV security camera recording along the trace of Myanmar's Sagaing Fault, which ruptured 28 March in a magnitude 7.7 earthquake. The camera was placed about 20 meters to the east of the fault and was 120 kilometers away from the earthquake's hypocenter.

The resulting video is astonishing. A fault in motion as never seen before -- shaking followed by a visible northward slide of the land on the western side of the fault.

"I saw this on YouTube an hour or two after it was uploaded, and it sent chills down my spine straight away," Kearse recalled. "It shows something that I think every earthquake scientist has been desperate to see, and it was just right there, so very exciting."

Watching it over and over again, he noticed something else.




"Instead of things moving straight across the video screen, they moved along a curved path that has a convexity downwards, which instantly started bells ringing in my head," Kearse said, "because some of my previous research has been specifically on curvature of fault slip, but from the geological record."

Kearse had studied curved slickenlines associated with other earthquakes, such as the 2016 magnitude 7.8 Kaikoura earthquake in New Zealand, and their implications for understanding how faults rupture.

With the Myanmar video, "we set about to quantify the movement a bit more carefully, to extract objective quantitative information from the video rather than just pointing at it to say, look, it's curved," he said.



The researchers decided to track the movement of objects in the video by pixel cross correlation, frame by frame. The analysis helped them measure the rate and direction of fault motion during the earthquake.

They conclude that the fault slipped 2.5 meters for roughly 1.3 seconds, at a peak velocity of about 3.2 meters per second. This shows that the earthquake was pulse-like, which is a major discovery and confirms previous inferences made from seismic waveforms of other earthquakes. In addition, most of the fault motion is strike-slip, with a brief dip-slip component.




The slip curves rapidly at first, as it accelerates to top velocity, then remains linear as the slip slows down, the researchers found.

The pattern fits with what earthquake scientists had previously proposed about slip curvature, that it might occur in part because stresses on the fault near the ground surface are relatively low. "The dynamic stresses of the earthquake as it's approaching and begins to rupture the fault near the ground surface are able to induce an obliquity to the fault movement," said Kearse.

"These transient stresses push the fault off its intended course initially, and then it catches itself and does what it's supposed to do, after that."

The researchers previously concluded that the type of slip curvature -- whether it curves in one direction, or in the other -- is dependent on the direction that the rupture travels, and is consistent with the north to south rupture of the Myanmar earthquake. This means that slickenlines can record the dynamics of past earthquakes, which can be useful for understanding future seismic risks.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250806094127.htm
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Hubble just exposed a rare and violent star collision | ScienceDaily
University of Warwick astronomers have uncovered compelling evidence that a nearby white dwarf is in fact the remnant of two stars merging -- a rare stellar discovery revealed through Hubble Space Telescope ultraviolet observations of carbon in the star's hot atmosphere.


						
White dwarfs are the dense cores left behind when stars exhaust their fuel and collapse. They are Earth-sized stellar embers weighing typically half as much as the Sun, made up of carbon-oxygen cores with surface layers of helium and hydrogen. While white dwarfs are common in the universe, those with exceptionally high mass (weighing more than the Sun) are rare and enigmatic.

In a paper published on August 6 in Nature Astronomy, Warwick astronomers report on their investigations of a known high-mass white dwarf 130 light-years away, called WD 0525+526. With a mass 20% larger than our Sun, WD 0525+526 is considered "ultra-massive," and how this star came to be is not fully understood.

Such a white dwarf could form from the collapse of a massive star. However, ultraviolet data from the Hubble Space Telescope revealed WD 0525+526 to have small amounts of carbon rising from its core into its hydrogen-rich atmosphere -- suggesting this white dwarf did not originate from a single massive star.

"In optical light (the kind of light we see with our eyes), WD 0525+526 looks like a heavy but otherwise ordinary white dwarf," said first author Dr Snehalata Sahu, Research Fellow at the University of Warwick. "However, through ultraviolet observations obtained with Hubble, we were able to detect faint carbon signatures that were not visible to optical telescopes.

"Finding small amounts of carbon in the atmosphere is a telltale sign that this massive white dwarf is likely to be a be the remnant of a merger between two stars colliding. It also tells us there may be many more merger remnants like this masquerading as common pure-hydrogen atmosphere white dwarfs. Only ultraviolet observations would be able to reveal them to us."

Normally, hydrogen and helium form a thick barrier-like envelope around a white dwarf core, keeping elements like carbon hidden. In a merger of two stars, the hydrogen and helium layers can burn off almost completely as the stars combine. The resulting single star has a very thin envelope that no longer prevents carbon from reaching the surface -- this is exactly what is found on WD 0525+526.




Antoine Bedard, Warwick Prize Fellow in the Astronomy and Astrophysics group at Warwick and co-first author said, "We measured the hydrogen and helium layers to be ten-billion times thinner than in typical white dwarfs. We think these layers were stripped away in the merger, and this is what now allows carbon to appear on the surface.

"But this remnant is also unusual: it has about 100,000 times less carbon on its surface compared to other merger remnants. The low carbon level, together with the star's high temperature (nearly four times hotter than the Sun), tells us WD 0525+526 is much earlier in its post-merger evolution than those previously found. This discovery helps us build a better understand the fate of binary star systems, which is critical for related phenomena like supernova explosions."

Adding to the mystery is how carbon reaches the surface at all in this much hotter star. The other merger remnants are later in their evolution and cool enough for convection to bring carbon to the surface. But WD 0525+526 is far too hot for that process. Instead, the team identified a subtler form of mixing called semi-convection, seen here for the first time in a white dwarf. This process allows small amounts of carbon to slowly rise into the star's hydrogen-rich atmosphere.

"Finding clear evidence of mergers in individual white dwarfs is rare," added Professor Boris Gansicke, Department of Physics, University of Warwick, who obtained the Hubble data for this study. "But ultraviolet spectroscopy gives us the ability to detect these signs early, when the carbon is still invisible at optical wavelengths. Because the Earth's atmosphere blocks ultraviolet light, these observations must be carried out from space, and currently only Hubble can do this job.

"Hubble just turned 35 years old, and while still going strong, it is very important that we start planning for a new space telescope that will eventually replace it."

As WD 0525+526 continues to evolve and cool, it is expected that more carbon will emerge at its surface over time. For now, its ultraviolet glow offers a rare glimpse into the earliest stage of a stellar merger's aftermath -- and a new benchmark for how binary stars end their lives.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250806094126.htm
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Scientists create mysterious molecule that could spark life in space | ScienceDaily
Researchers have for the first time isolated a compound that could open new doors in understanding the chemistry that supports life in space.


						
Ryan Fortenberry, an astrochemist at the University of Mississippi, Ralf Kaiser, professor of chemistry at the University of Hawaii at Manoa, and Alexander M. Mebel, computational chemist at Florida International University, are part of an international team that synthesized methanetetrol for the first time. They published their research on the elusive compound in the journal Nature Communications.

"This is essentially a prebiotic concentrate -- a seed of life molecule," Fortenberry said. "It's something that can lead to more complex chemistry if given the opportunity. Think of it like an acorn that will grow into a tree in the Grove.

"The acorn alone cannot make a tree; it requires sunlight and water and lots of other things. But it can be what starts the process."

Methanetetrol is an ortho acid - an elusive class of compounds that are particularly difficult to isolate and study but are thought to play a key role in early life chemistry.

To mimic how methanetetrol might form in space, the researchers froze water and carbon dioxide ices to near absolute zero and exposed them to cosmic ray-like radiation. This process allowed them to release the molecule into gas form and identify it using powerful ultraviolet light.

"The detection of the only alcohol with four hydroxyl groups at the same carbon atom pushes the experimental and detection capabilities to the 'final frontier,' the next level beyond what could be accomplished before due to the lack of experimental and computational approaches," said Kaiser, whose lab has been trying to isolate methanetetrol for more than five years.




Since methanetetrol has so many oxygen bonds - and because oxygen does not like to bond close to other oxygens - the compound is very unstable, meaning it is likely to break down if it is not kept in the right conditions.

"You have this compact, carbon-oxygen molecule that just really wants to go 'boom,'" Fortenberry said. "And when it does, when you give it any kind of energy, you'll have water, hydrogen peroxide and a number of other potential compounds that are important for life.

"It's a like a prebiotic bomb."

If the molecule can form in the lab, it can also form in space, the authors said. This makes the compound particularly interesting to astrochemists who are looking for potential life-supporting regions.

"While carbon is the building block of life, oxygen is what makes up nearly everything else," Fortenberry said. "Oxygen is everywhere and is essential for life as we know it.

"So, if we can find places where methanetetrol forms naturally, we know that it is a place that has the potential building blocks to support life."

This material is based on work supported by the National Science Foundation grants AST-2403867.
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'Bridge' of stray stars reveals two massive galaxies tearing each other apart | ScienceDaily
Using one of the most detailed sets of observations ever of a galaxy cluster 700 million light-years from Earth, astronomers have captured the faint glow of stray stars in the process of being ripped from their home galaxy and absorbed into another. The 'bridge' of diffuse light -- spanning roughly a million light years between two galaxies in the cluster Abell 3667 -- is the first direct evidence that the two brightest galaxies in the cluster are actively merging.


						
The findings also imply, the researchers say, that Abell 3667 formed from two smaller clusters, which had themselves merged around a billion years ago.

"This is the first time a feature of this scale and size has been found in a local galaxy cluster," said Anthony Englert, a Ph.D. candidate at Brown University and lead author of a study describing the findings. "We knew that it was possible for a bridge like this to form between two galaxies, but it hadn't been documented anywhere before now. It was a huge surprise that we were able to image such a faint feature."

The new images of Abell 3667 were made using the Dark Energy Camera (DECam) mounted on the Victor M. Blanco Telescope at Cerro Tololo Inter-American Observatory in Chile. Englert and two colleagues -- Ian Dell'Antonio, a professor of physics at Brown, and Mireia Montes, a research fellow at the Institute of Space Sciences in Barcelona, Spain -- stitched together a record-breaking 28 hours of observations taken over a span of years by DECam. The findings are published in The Astrophysical Journal. 

"Because Blanco has been imaging with DECam for the past decade, there is a ton of archival data available," Englert said. "It was just a happy coincidence that so many people had imaged Abell 3667 over the years, and we were able to stack all of those observations together."

That extensive observation time is what made it possible to image the dim light of stray stars within the cluster. This type of diffuse light, known as intracluster light or ICL, offers a treasure trove of information about the history of Abell 3667 and the gravitational dance of the galaxies within it.

The ICL imaged by Englert and his colleagues revealed a special type of galactic merger happening in Abell 3667. Normally, Englert says, mergers that involve the largest galaxy in a cluster, called the brightest cluster galaxy or BCG, occur gradually as it steals stars from many smaller galaxies that surround it. But this new research shows something different happening in this case. Abell 3667 is actually made of two galaxy clusters, each with its own BCG, that are now merging together. The ICL bridge discovered by the researchers suggests that the larger BCG is stealing stars from the smaller one -- an event known as a rapid or aggressive merger. As the two BCGs merge, so too do the smaller galaxies that surround them, making Abell 3667 the product of two merging clusters. Data from X-ray and radio frequency observations had suggested a rapid merger in Abell 3667, but this is the first optical evidence to back it up.




The appearance of intracluster light in these new images offers a tantalizing preview of what's to come when the Vera C. Rubin Observatory becomes fully operational later this year or early next. Using a telescope twice the size of Blanco and the largest camera ever built, the Rubin telescope will perform a 10-year scan deep into the entire southern sky, a project called the Legacy Survey of Space and Time.

"Rubin is going to be able to image ICL in much the same way as we did here, but it's going to do it for every single local galaxy cluster in the southern sky," Englert said. "What we did is just a small sliver of what Rubin is going to be able to do. It's really going to blow the study of the ICL wide open."

That will be a scientific bonanza for astronomers and astrophysicists. In addition to revealing the history of galaxy clusters, the ICL holds clues to some of the most fundamental mysteries of the universe, particularly dark matter -- the mysterious, invisible stuff thought to account for most of the universe's mass.

"ICL is quite important for cosmology," Dell'Antonio said. "The distribution of this light should mirror the distribution of dark matter, so it provides an indirect way to 'see' the dark matter."

Seeing the unseeable -- that's a powerful telescope.

The Victor M. Blanco Telescope and the Vera C. Rubin Observatory are operated by NOIRLab, the U.S. national center for ground-based, nighttime optical astronomy operated by the National Science Foundation. The research was funded by NSF (AST-2108287), the U.S. Department of Energy (DE-SC-0010010) and the NASA Rhode Island Space Grant Consortium.

Image Details
    	Jellyfish galaxy JO171
    Similar to the iconic Hoag's Object, JO171 is an example of a ring galaxy, characterized by a completely detached ring of young stars surrounding a central old spheroid. JO171's fall into the dense Abell 3667 galaxy cluster is stripping it of gas, creating the striking jellyfish-like tendrils seen trailing off to one side of the galaxy. Analysis of the galaxy's stellar population and its gas and stellar dynamics shows that the origin of the ring is related to an interaction with another galaxy in the distant past, prior to its accretion onto Abell 3667. More recently, since infall into the cluster, the gas in the ring has been stripped by ram pressure, causing the quenching of star formation in the stripped half of the ring. This is the first observed case of ram-pressure stripping in action in a ring galaxy. Both of the events (accretion and stripping) caused dramatic transformations in this galaxy.
    	Jellyfish galaxy LEDA 64246
    LEDA 64246 is another example of extended galaxy tails formed by ram-pressure stripping. Their blue glow indicates that the stripping has triggered star formation in the trails.
    	Brightest cluster galaxy IC 4965 and infalling group
    The central galaxy in this cutout is referred to as the brightest cluster galaxy (BCG). The formation of BCGs has been an astronomical mystery for decades. The mystery has been partially answered by the detection of intracluster light, which provides evidence that BCGs generally form through the gradual stripping of stars from less massive galaxies in the cluster, which then accrete onto the BCG.
    	NGC 6862
    NGC 6862 is a Seyfert galaxy that is partially obscured by Milky Way cirrus, or integrated flux nebulae.
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Baby star fires a jet, then gets blasted by the fallout | ScienceDaily
Astronomers have observed an explosion in space that is pushing back against and influencing the baby star which triggered the explosion in the first place. If explosions like this one are common around young stars, then the young stars and their planets are exposed to a harsher environment than previously thought.


						
Stars and their associated planetary systems are formed from the gravitational collapse of molecular clouds in space. As a cloud collapses, it retains its angular momentum, causing it to evolve into a spinning structure known as a protoplanetary disk. Stars and planets form within a protoplanetary disk, but not all of the material is incorporated into the new stars and planets. Some of the material is ejected through powerful jets aligned with the rotation axis of the disk. These jets help remove excess angular momentum and matter from the protoplanetary disk.

A team of Japanese astronomers was reanalyzing archival data for protoplanetary disks from the Atacama Large Millimeter/submillimeter Array (ALMA), when they unexpectedly discovered an explosively expanding bubble structure near one of the disks. That disk, known as WSB 52, is located 441.3 light-years away in the direction of the constellation Ophiuchus. Further detailed analysis revealed that a shock front created by the expanding bubble was colliding with the disk and distorting it. Similar expanding bubble structures have been detected around other young stars, but none of them have shown signs of collision between the bubble and the disk. This phenomenon was also not predicted theoretically.

The team found that the center of the bubble aligned with the disk's rotation axis. The chances of a bubble aligning with the axis of the disk by random chance are effectively zero, indicating that this alignment is not random. This led the research team to conclude that a jet aligned with the axis of the disk triggered the expansion of the bubble. According to their explanation, a high-speed jet emitted from WSB 52 hundreds of years ago collided with cold gas near the disk, causing the gas to compress. The increased pressure from the compression caused the gas to explode, which resulted in the formation of the expanding bubble.

Masataka Aizawa at Ibaraki University, who led this research, explains, "In science fiction, there are scenes where a beam is fired at something to destroy it, causing an explosion with debris flying back at the shooter. Similar things occur in real astronomical phenomena, but with greater intensity. Through this discovery, I once again realized that nature is far more complex than humans think. In future research, I hope to further explore the effects of the explosions on the formation of stars and planetary systems."
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DNA from the deep reveals a hidden ocean "superhighway" | ScienceDaily
A world-first study led by Museums Victoria Research Institute has revealed that beneath the cold, dark, pressurized world of the deep sea, marine life is far more globally connected than previously imagined.


						
Published on July 23 in Nature, this landmark study maps the global distribution and evolutionary relationships of brittle stars (Ophiuroidea), the ancient, spiny animals found from shallow coastal waters to the deepest abyssal plains, and from the equator to the poles.

By analyzing the DNA of thousands of specimens collected on hundreds of research voyages and preserved in natural history museums around the world, scientists have uncovered how these deep-sea invertebrates have quietly migrated across entire oceans over millions of years, linking ecosystems from Iceland to Tasmania.

This unprecedented dataset offers powerful new insights into how marine life has evolved and dispersed across the oceans over the past 100 million years.

"You might think of the deep sea as remote and isolated, but for many animals on the seafloor, it's actually a connected superhighway," said Dr Tim O'Hara, Senior Curator of Marine Invertebrates at Museums Victoria Research Institute and lead author of the study.

"Over long timescales, deep-sea species have expanded their ranges by thousands of kilometers. This connectivity is a global phenomenon that's gone unnoticed, until now."

This is the most comprehensive study of its kind, using DNA from 2,699 brittle star specimens housed in 48 natural history museums across the globe. These animals which have lived on Earth for over 480 million years are found on all ocean floors, including at depths of more than 3,500 meters.




Unlike marine life in shallow waters, which is restricted by temperature boundaries, deep-sea environments are more stable and allow species to disperse over vast distances. Many brittle stars produce yolk-rich larvae that can drift on deep ocean currents for extended periods, giving them the ability to colonize far-flung regions.

"These animals don't have fins or wings, but they've still managed to span entire oceans," said Dr O'Hara. "The secret lies in their biology - their larvae can survive for a long time in cold water, hitching a ride on slow-moving deep-sea currents."

The research shows that deep-sea communities, particularly at temperate latitudes, are more closely related across regions than their shallow-water counterparts. For example, marine animals found off southern Australia share close evolutionary links with those in the North Atlantic, on the other side of the planet.

Yet, the deep sea is not uniform. While species can spread widely, factors such as extinction events, environmental change, and geography have created a patchwork of biodiversity across the seafloor.

"It's a paradox. The deep sea is highly connected, but also incredibly fragile," said Dr O'Hara. "Understanding how life is distributed and moves through this vast environment is essential if we want to protect it, especially as threats from deep-sea mining and climate change increase."

This research not only transforms our understanding of deep-sea evolution but also highlights the enduring scientific value of museum collections. The DNA analysed in this study came from specimens collected during 332 research voyages, many undertaken decades ago, and preserved in institutions including Museums Victoria's Research Institute.

"This is science on a global scale," said Lynley Crosswell, CEO and Director of Museums Victoria. "It demonstrates how museums, through international collaboration and the preservation of biodiversity specimens, can unlock new knowledge about our planet's past and help shape its future."

This world-leading project was made possible through partnerships with more than 40 institutions globally, spanning natural history museums, universities and marine research organizations including support via grants of sea time on RV Investigator from Australia's CSIRO Marine National Facility.
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This prehistoric predator survived global warming by eating bones | ScienceDaily
About 56 million years ago, when Earth experienced a dramatic rise in global temperatures, one meat-eating mammal responded in a surprising way: It started eating more bones.


						
That's the conclusion reached by a Rutgers-led team of researchers, whose recent study of fossil teeth from the extinct predator Dissacus praenuntius reveals how animals adapted to a period of extreme climate change known as the Paleocene-Eocene Thermal Maximum (PETM). The findings, published in the journal Palaeogeography, Palaeoclimatology, Palaeoecology, could help scientists predict how today's wildlife might respond to modern global warming.

"What happened during the PETM very much mirrors what's happening today and what will happen in the future," said Andrew Schwartz, a doctoral student in the Department of Anthropology at the School of Arts and Sciences, who led the research. "We're seeing the same patterns. Carbon dioxide levels are rising, temperatures are higher and ecosystems are being disrupted."

Associate Professor Robert Scott of the Department of Anthropology is a co-author of the study.

Schwartz, Scott and another colleague used a technique called dental microwear texture analysis to study the tiny pits and scratches left on fossilized teeth. These marks reveal what kinds of food the animal was chewing in the weeks before it died.

The ancient omnivore was about the size of a jackal or a coyote and likely consumed a mix of meat and other food sources like fruits and insects. "They looked superficially like wolves with oversized heads," Schwartz said, describing them as "super weird mammals." "Their teeth were kind of like hyenas. But they had little tiny hooves on each of their toes."

Before this period of rising temperatures, Dissacus had a diet similar to modern cheetahs, eating mostly tough flesh. But during and after this ancient period, its teeth showed signs of crunching harder materials, such as bones.




"We found that their dental microwear looked more like that of lions and hyenas," Schwartz said. "That suggests they were eating more brittle food, which were probably bones, because their usual prey was smaller or less available."

This dietary shift happened alongside a modest reduction in body size, likely because of food scarcity. While earlier hypotheses blamed shrinking animals on hotter temperatures alone, this latest research suggests that limited food played a bigger role, Schwartz said.

This period of rapid global warming lasted about 200,000 years, but the changes it triggered were fast and dramatic. Schwartz said studies of the past like his can offer practical lessons for today and what comes next.

"One of the best ways to know what's going to happen in the future is to look back at the past," he said. "How did animals change? How did ecosystems respond?"

The findings also highlight the importance of dietary flexibility, he said. Animals that can eat a variety of foods are more likely to survive environmental stress.

"In the short term, it's great to be the best at what you do," Schwartz said. "But in the long term, it's risky. Generalists, meaning animals that are good at a lot of things, are more likely to survive when the environment changes."

Such an insight may be helpful for modern conservation biologists, allowing them to identify which species today may be most vulnerable, he said. Animals with narrow diets, such as pandas, may struggle as their habitats shrink. But adaptable species, including jackals or raccoons, might fare better.




"We already see this happening," Schwartz said. "In my earlier research, jackals in Africa started eating more bones and insects over time, probably because of habitat loss and climate stress."

The study also showed that rapid climate warming as seen during the ancient past can lead to major changes in ecosystems, including shifts in available prey and changes in predator behavior. This may suggest that modern climate change could similarly disrupt food webs and force animals to adapt, or risk extinction, he said.

Even though Dissacus was a successful and adaptable animal that lived for about 15 million years, it eventually went extinct. Scientists think this happened because of changes in the environment and competition from other animals, Schwartz said.

Schwartz conducted his research using a combination of fieldwork and lab analysis, focusing on fossil specimens from the Bighorn Basin in Wyoming, a site with a rich and continuous fossil record spanning millions of years. Schwartz chose the location because it preserves a detailed sequence of environmental and ecological changes during the ancient period of climate warming.

Schwartz has been interested in paleontology, specifically dinosaurs, since he was a boy, journeying with his father, an amateur fossil hunter, on treks through New Jersey's rivers and streams. Now, as a late-stage doctoral student, he hopes to use ancient fossils to answer urgent questions about the future.

He also wants to inspire the next generation of researchers.

"I love sharing this work," he said. "If I see a kid in a museum looking at a dinosaur, I say, 'Hey, I'm a paleontologist. You can do this, too.'"

In addition to Schwartz and Scott, Larisa DeSantis of Vanderbilt University is an author of the study.
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Scientists found the gene that makes Aussie skinks immune to deadly snake venom | ScienceDaily
A University of Queensland-led study has found Australian skinks have evolved molecular armor to stop snake venom from shutting down their muscles.


						
Professor Bryan Fry from UQ's School of the Environment said revealing exactly how skinks dodge death could inform biomedical approaches to treating snakebite in people.

"What we saw in skinks was evolution at its most ingenious," Professor Fry said.

"Australian skinks have evolved tiny changes in a critical muscle receptor, called the nicotinic acetylcholine receptor.

"This receptor is normally the target of neurotoxins which bind to it and block nerve-muscle communication causing rapid paralysis and death.

"But in a stunning example of a natural counterpunch, we found that on 25 occasions skinks independently developed mutations at that binding site to block venom from attaching.

"It's a testament to the massive evolutionary pressure than venomous snakes exerted after their arrival and spread across the Australian continent, when they would have feasted on the defenseless lizards of the day.




"Incredibly, the same mutations evolved in other animals like mongooses which feed on cobras.

"We confirmed with our functional testing that Australia's Major Skink (Bellatorias frerei) has evolved exactly the same resistance mutation that gives the honey badger it's famous resistance to cobra venom.

"To see this same type of resistance evolve in a lizard and a mammal is quite remarkable - evolution keeps hitting the same molecular bullseye."

The muscle receptor mutations in the skinks included a mechanism to add sugar molecules to physically block toxins and the substitution of a protein building block (amino acid arginine at position 187).

The laboratory work validating the mutations was carried out at UQ's Adaptive Biotoxicology Laboratory by Dr Uthpala Chandrasekara who said it was incredible to witness.

"We used synthetic peptides and receptor models to mimic what happens when venom enters an animal at the molecular level and the data was crystal clear, some of the modified receptors simply didn't respond at all," said Dr Chandrasekara.




"It's fascinating to think that one tiny change in a protein can mean the difference between life and death when facing a highly venomous predator."

The findings could one day inform the development of novel antivenoms or therapeutic agents to counter neurotoxic venoms.

"Understanding how nature neutralizes venom can offer clues for biomedical innovation," Dr Chandrasekara said.

"The more we learn about how venom resistance works in nature, the more tools we have for the design of novel antivenoms."

The project included collaborations with museums across Australia.

The research has been published in International Journal of Molecular Sciences.
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Can humans regrow eyes? These snails already do | ScienceDaily
Human eyes are complex and irreparable, yet they are structurally like those of the freshwater apple snail, which can completely regenerate its eyes. Alice Accorsi, assistant professor of molecular and cellular biology at the University of California, Davis, studies how these snails regrow their eyes -- with the goal of eventually helping to restore vision in people with eye injuries.


						
In a new study published August 6 in Nature Communications, Accorsi shows that apple snail and human eyes share many anatomical and genetic features.

"Apple snails are an extraordinary organism," said Accorsi. "They provide a unique opportunity to study regeneration of complex sensory organs. Before this, we were missing a system for studying full eye regeneration."

Her team also developed methods for editing the apple snail's genome, which will allow them to explore the genetic and molecular mechanisms behind eye regeneration.

A not-so-snail's paced snail

The golden apple snail (Pomacea canaliculata) is a freshwater snail speciesfrom South America. It's now invasive in many places throughout the rest of the world, but Accorsi said the same traits that make apple snails so invasive also make them a good animal to work with in the lab.

"Apple snails are resilient, their generation time is very short, and they have a lot of babies," she said.




In addition to being easy to grow in the lab, apple snails have "camera-type" eyes -- the same type as humans.

Snails have been known for their regenerative abilities for centuries -- in 1766, a researcher noted that decapitated garden snails can regrow their entire heads. However, Accorsi is the first to leverage this feature in regenerative research.

"When I started reading about this, I was asking myself, why isn't anybody already using snails to study regeneration?" said Accorsi. "I think it's because we just hadn't found the perfect snail to study, until now. A lot of other snails are difficult or very slow to breed in the lab, and many species also go through metamorphosis, which presents an extra challenge."

Eyes like a camera

There are many types of eyes in the animal kingdom, but camera-types eyes are known for producing particularly high-resolution images. They consist of a protective cornea, a lens for focusing light and a retina that contains millions of light-detecting photoreceptor cells. They are found in all vertebrates, some spiders, squid and octopi, and some snails.

Using a combination of dissections, microscopy and genomic analysis, Accorsi's team showed that the apple snail's eyes are anatomically and genetically similar to human eyes.




"We did a lot of work to show that many genes that participate in human eye development are also present in the snail," Accorsi said. "After regeneration, the morphology and gene expression of the new eye is pretty much identical to the original one."

How to regrow an eye

So, how do the snails regrow their eyes after amputation? The researchers showed that the process takes about a month and consists of several phases. First, the wound must heal to prevent infection and fluid loss, which usually takes around 24 hours. Then, unspecialized cells migrate and proliferate in the area. Over the course of about a week and a half, these cells specialize and begin to form eye structures including the lens and retina. By day 15 post-amputation, all of the eye's structures are present, including the optic nerve, but these structures continue to mature and grow for several more weeks.

"We still don't have conclusive evidence that they can see images, but anatomically, they have all the components that are needed to form an image," said Accorsi. "It would be very interesting to develop a behavioral assay to show that the snails can process stimuli using their new eyes in the same way as they were doing with their original eyes. That's something we're working on."

The team also investigated which genes were active during the regeneration process. They showed that immediately after amputation, the snails had about 9,000 genes that were expressed at different rates compared to normal adult snail eyes. After 28 days, 1,175 genes were still expressed differently in the regenerated eye, which suggests that although the eyes look fully developed after a month, complete maturation might take longer.

Genes for regeneration

To better understand how genes regulate regeneration, Accorsi developed methods to edit the snails' genome using CRISPR-Cas9.

"The idea is that we mutate specific genes and then see what effect it has on the animal, which can help us understand the function of different parts of the genome," said Accorsi.

As a first test, the team used CRISPR/Cas9 to mutate a gene called pax6 in snail embryos. Pax6 is known to control the development and organization of brain and eye in humans, mice and fruit flies. Like humans, snails have two copies of each gene - one from each parent. The researchers showed that when apple snails have two non-functional versions of pax6, they develop without eyes, which shows that pax6 is also essential for initial eye development in apple snails.

Accorsi is working on the next step: testing whether pax6 also plays a role in eye regeneration. To determine this, researchers will need to mutate or turn off pax6 in adult snails and then test their regenerative ability.

She is also investigating other eye-related genes, including genes that encode specific parts of the eye, like the lens or retina, and genes that control pax6.

"If we find a set of genes that are important for eye regeneration, and these genes are also present in vertebrates, in theory we could activate them to enable eye regeneration in humans," said Accorsi.

Additional authors on the study are Asmita Gattamraju of UC Davis, and Brenda Pardo, Eric Ross, Timothy J. Corbin, Melainia McClain, Kyle Weaver, Kym Delventhal, Jason A. Morrison, Mary Cathleen McKinney, Sean A. McKinney and Alejandro Sanchez Alvarado of the Stowers Institute for Medical Research. Accorsi performed most of the research for this study at Stowers Institute for Medical Research, where she worked as a postdoctoral fellow before joining UC Davis in 2024.

The study was funded by the Howard Hughes Medical Institute, the Society for Developmental Biology, the American Association for Anatomy and the Stowers Institute for Medical Research.
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NASA and Japan's XRISM just found sulfur hiding between the stars | ScienceDaily
An international team of scientists have provided an unprecedented tally of elemental sulfur spread between the stars using data from the Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) spacecraft.


						
Astronomers used X-rays from two binary star systems to detect sulfur in the interstellar medium, the gas and dust found in the space between stars. It's the first direct measurement of both sulfur's gas and solid phases, a unique capability of X-ray spectroscopy, XRISM's (pronounced "crism") primary method of studying the cosmos.

"Sulfur is important for how cells function in our bodies here on Earth, but we still have a lot of questions about where it's found out in the universe," said Lia Corrales, an assistant professor of astronomy at the University of Michigan in Ann Arbor. "Sulfur can easily change from a gas to a solid and back again. The XRISM spacecraft provides the resolution and sensitivity we need to find it in both forms and learn more about where it might be hiding."

A paper about these results, led by Corrales, published June 27 in the Publications of the Astronomical Society of Japan. 

Using ultraviolet light, researchers have found gaseous sulfur in the space between stars. In denser parts of the interstellar medium, such as the molecular clouds where stars and planets are born, this form of sulfur quickly disappears.

Scientists assume the sulfur condenses into a solid, either by combining with ice or mixing with other elements.

When a doctor performs an X-ray here on Earth, they place the patient between an X-ray source and a detector. Bone and tissue absorb different amounts of the light as it travels through the patient's body, creating contrast in the detector.




To study sulfur, Corrales and her team did something similar.

They picked a portion of the interstellar medium with the right density -- not so thin that all the X-rays would pass through unchanged, but also not so dense that they would all be absorbed.

Then the team selected a bright X-ray source behind that section of the medium, a binary star system called GX 340+0 located over 35,000 light-years away in the southern constellation Scorpius.

Using the Resolve instrument on XRISM, the scientists were able to measure the energy of GX 340+0's X-rays and determined that sulfur was present not only as a gas, but also as a solid, possibly mixed with iron.

"Chemistry in environments like the interstellar medium is very different from anything we can do on Earth, but we modeled sulfur combined with iron, and it seems to match what we're seeing with XRISM," said co-author Elisa Costantini, a senior astronomer at the Space Research Organization Netherlands and the University of Amsterdam. "Our lab has created models for different elements to compare with astronomical data for years. The campaign is ongoing, and soon we'll have new sulfur measurements to compare with the XRISM data to learn even more."

Iron-sulfur compounds are often found in meteorites, so scientists have long thought they might be one way sulfur solidifies out of molecular clouds to travel through the universe.




In their paper, Corrales and her team propose a few compounds that would match XRISM's observations -- pyrrhotite, troilite, and pyrite, which is sometimes called fool's gold.

The researchers were also able to use measurements from a second X-ray binary called 4U 1630-472 that helped confirm their findings.

"NASA's Chandra X-ray Observatory has previously studied sulfur, but XRISM's measurements are the most detailed yet," said Brian Williams, the XRISM project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "Since GX 340+0 is on the other side of the galaxy from us, XRISM's X-ray observations are a unique probe of sulfur in a large section of the Milky Way. There's still so much to learn about the galaxy we call home."

XRISM is led by JAXA (Japan Aerospace Exploration Agency) in collaboration with NASA, along with contributions from ESA (European Space Agency). NASA and JAXA developed Resolve, the mission's microcalorimeter spectrometer.
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Star survives black hole and comes back for more | ScienceDaily
Lightning might not strike twice, but black holes apparently do. An international group of researchers led by Tel Aviv University astronomers observed a flare caused when a star falls onto a black hole and is destroyed. Surprisingly, this flare occurred about two years after a nearly identical flare named AT 2022dbl, from the exact same location. This is the first confirmed case of a star that survived an encounter with a supermassive black hole and came back for more. This discovery upends conventional wisdom about such tidal disruption events and suggests that these spectacular flares may be just the opening act in a longer, more complex story.


						
The study was led by Dr. Lydia Makrygianni (a former postdoc at Tel Aviv University and currently a researcher at Lancaster University in the UK) under the supervision of Prof. Iair Arcavi, a member of the Astrophysics Department at Tel Aviv University, and Director of the Wise Observatory in Mizpe Ramon. Prof. Ehud Nakar, Chair of the Astrophysics Department, and students Sara Faris and Yael Dgany from Arcavi's research group also took part in the research, alongside many international collaborators. The results are published in a July issue of the Astrophysical Journal Letters.

The researchers explain that at the center of every large galaxy lies a black hole that is millions to billions of times the mass of the sun. Such a supermassive black hole exists also in our own Milky Way Galaxy, its discovery was awarded the 2020 Nobel Prize in physics. But beyond knowing they're there, it's not well understood how such monsters form, nor how they affect their host galaxies. One of the main challenges in understanding these black holes is that they are, well, black. A black hole is a region of space where gravity is so strong that not even light can escape. The supermassive black hole in the center of the Milky Way was discovered thanks to the movement of stars in its vicinity. But in other, more distant, galaxies, such movement cannot be discerned.

Luckily, or unluckily, depending on your point of view, once every 10,000 to 100,000 years, a star will wander too close to the supermassive black hole in the center of its galaxy, resulting in it getting ripped to shreds. Half of the star will be "swallowed" by the black hole, and half thrown outward. When material falls onto a black hole, it does so in a circular fashion, much like water going down the bathtub drain. Around black holes, however, the velocity of the rotating material approaches the speed of light, the material is heated and radiates brilliantly. Such an unlucky star thus "illuminates" the black hole for a few weeks to months, providing astronomers with a brief opportunity to study its properties.

Strangely, though, these flares have not been behaving as expected. Their brilliance and temperature were much lower than predicted. After about a decade of trying to understand why, AT 2022dbl may have provided the answer. The repetition of the first flare in an almost identical manner two years later implies that at least the first flare was the result of the partial disruption of the star, with much of it surviving and coming back for a (nearly identical) additional passage. These flares are thus more of a "snack" by the supermassive black hole than a "meal."

"The question now is whether we'll see a third flare after two more years, in early 2026" says Prof. Arcavi. "If we see a third flare," continues Arcavi, "it means that the second one was also the partial disruption of the star. So maybe all such flares, which we have been trying to understand for a decade now as full stellar disruptions, are not what we thought." If a third flare does not occur, then the second flare could have been the full disruption of the star. The implication is that partial and full disruptions look almost identical, a prediction made before this discovery by the research group of Prof. Tsvi Piran at the Hebrew University. "Either way," adds Arcavi, "we'll have to re-write our interpretation of these flares and what they can teach us about the monsters lying in the centers of galaxies."
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Scientists just found a massive earthquake threat hiding beneath Yukon | ScienceDaily
New research led by the University of Victoria (UVic) has illuminated a significant and previously unrecognized source of seismic hazard for the Yukon Territory of northwestern Canada.


						
The Tintina fault is a major geologic fault approximately 1,000 km long that trends northwestward across the entire territory. It has slipped laterally a total of 450 km in its lifetime but was previously believed to have been inactive for at least 40 million years. However, using new high-resolution topographic data collected from satellites, airplanes and drones, researchers have identified a 130-km-long segment of the fault near Dawson City where there is evidence of numerous large earthquakes in the much more recent geologic past (the Quaternary Period, 2.6 million years to present), indicating possible future earthquakes.

"Over the past couple of decades there have been a few small earthquakes of magnitude 3 to 4 detected along the Tintina fault, but nothing to suggest it is capable of large ruptures," says Theron Finley, recent UVic PhD graduate and lead author of the recent article in Geophysical Research Letters. "The expanding availability of high-resolution data prompted us to re-examine the fault, looking for evidence of prehistoric earthquakes in the landscape."

Currently, the understanding of earthquake rates and seismic hazard in much of Canada is based on a catalogue of earthquakes from oral Indigenous accounts, written historical records and modern seismic monitoring networks. Collectively, these records only cover the last couple hundred years. However, for many active faults, thousands of years can elapse between large ruptures.

When earthquakes are large and/or shallow, they often rupture the Earth's surface and produce a linear feature in the landscape known as a fault scarp. These features, which can persist in the landscape for thousands of years, are typically tens to hundreds of kilometers long, but only a few metres wide and tall. They are difficult to detect in heavily forested regions like Canada, and require extremely high-resolution topographic data to identify.

The team, consisting of researchers from UVic, the Geological Survey of Canada and University of Alberta, used high resolution topographic data from the ArcticDEM dataset from satellite images, as well as from light detection and ranging (lidar) surveys conducted with airplanes and drones. They identified a series of fault scarps passing within 20 km of Dawson City.

Crucially, they observed that glacial landforms 2.6 million years in age are laterally offset across the fault scarp by 1000 m. Others, 132,000 years old, are laterally offset by 75 m. These findings confirm that the fault has slipped in multiple earthquakes throughout the Quaternary period, likely slipping several meters in each event. What's more, landforms known to be 12,000 years old are not offset by the fault, indicating no large ruptures have occurred since that time. The fault continues to accumulate strain at an average rate of 0.2 to 0.8 millimetres per year, and therefore poses a future earthquake threat.




"We determined that future earthquakes on the Tintina fault could exceed magnitude 7.5," says Finley. "Based on the data, we think that the fault may be at a relatively late stage of a seismic cycle, having accrued a slip deficit, or build-up of strain, of six meters in the last 12,000 years. If this were to be released, it would cause a significant earthquake."

An earthquake of magnitude 7.5 or greater would cause severe shaking in Dawson City and could pose a threat to nearby highways and mining infrastructure. Compounding the hazard from seismic shaking, the region is prone to landslides, which could be seismically triggered. The Moosehide landslide immediately north of Dawson City and the newly discovered Sunnydale landslide directly across the Yukon River both show ongoing signs of instability.

Canada's National Seismic Hazard Model (NSHM) includes the potential for large earthquakes in central Yukon Territory, but the Tintina fault is not currently recognized as a discrete seismogenic fault source. The recent findings by this team will ultimately be integrated into the NSHM, which informs seismic building codes and other engineering standards that protect human lives and critical infrastructure. The findings will also be shared with local governments and emergency managers to improve earthquake readiness in their communities.

This research occurred on the territory of the Tr'ondek Hwech'in and Na-Cho Nyak Dun First Nations 
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Scientists uncover hidden gut 'sense' that talks to your brain | ScienceDaily
In a breakthrough that reimagines the way the gut and brain communicate, researchers have uncovered what they call a "neurobiotic sense," a newly identified system that lets the brain respond in real time to signals from microbes living in our gut.


						
The new research, led by Duke University School of Medicine neuroscientists Diego Bohorquez, PhD, and M. Maya Kaelberer, PhD, and published in Nature, centers on neuropods, tiny sensor cells lining the colon's epithelium. These cells detect a common microbial protein and send rapid messages to the brain that help curb appetite.

But this is just the beginning. The team believes this neurobiotic sense may be a broader platform for understanding how gut detects microbes, influencing everything from eating habits to mood -- and even how the brain might shape the microbiome in return. 

"We were curious whether the body could sense microbial patterns in real time and not just as an immune or inflammatory response, but as a neural response that guides behavior in real time," said Bohorquez, a professor of medicine and neurobiology at Duke University School of Medicine and senior author of the study.  

The key player is flagellin, an ancient protein found in bacterial flagella, a tail-like structure that bacteria use to swim. When we eat, some gut bacteria release flagellin. Neuropods detect it, with help from a receptor called TLR5, and fire off a message through the vagus nerve - a major communication line of communication between the gut and the brain.  

The team, supported by the National Institutes of Health, proposed a bold idea: that bacterial flagellin in the colon could trigger neuropods to send an appetite-suppressing signal to the brain -- a direct microbial influence on behavior.

The researchers tested this by fasting mice overnight, then giving them a small dose of flagellin directly to the colon. Those mice ate less.  

When researchers tried the same experiment in mice missing the TLR5 receptor, nothing changed. The mice kept eating and gained weight, a clue that the pathway helps regulate appetite. The findings suggest that flagellin sends a "we've had enough" signal through TLR5, allowing the gut to tell the brain it's time to stop eating. Without that receptor, the message doesn't get through.

The discovery was guided by lead study authors Winston Liu, MD, PhD, Emily Alway, both graduate students of the Medical Scientist Training Program, and postdoctoral fellow Naama Reicher, Ph.D. Their experiments reveal that disrupting the pathway altered eating habits in mice pointed to a deeper link between gut microbes and behavior.

"Looking ahead, I think this work will be especially helpful for the broader scientific community to explain how our behavior is influenced by microbes," said Bohorquez. "One clear next step is to investigate how specific diets change the microbial landscape in the gut. That could be a key piece of the puzzle in conditions like obesity or psychiatric disorders."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250805041623.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



This common fruit has over 1,600 compounds that boost brain, heart, and gut health | ScienceDaily

As noted in the article, the term "superfood" is a common word without an official definition or established criteria. Mainstream superfoods are typically part of the Mediterranean Diet and generally rich in natural plant compounds that are beneficial to a person's health. Pezzuto addresses the broader topic of superfoods in detail, then makes the scientific case for grapes, noting that fresh grapes are underplayed in this arena and often not included with mention of other similar foods, such as berries.

Grapes are a natural source of over 1,600 compounds, including antioxidants and other polyphenols such as flavonoids, anthocyanidins, catechins, phenolic acids, resveratrol, and more. Polyphenols are credited with the health benefits of grapes, via antioxidant activity and influencing cellular processes. It is the whole grape and the unique matrix of these compounds within it that creates the biological effects, not a single component.

Over sixty peer-reviewed studies have been published in the scientific literature on grapes and health. The role of grapes on cardiovascular health is well established, including promoting relaxation of blood vessels and healthy circulation, as well as modulating cholesterol levels. Clinical trials also show that grapes support brain health (help maintain healthy brain metabolism and beneficial impacts on cognition), skin health (enhanced resistance to UV radiation and DNA damage in skin cells), gut health (modulating the gut microbiome and increasing diversity in the gut), and eye health (retinal impact via increase in macular pigment optical density). Finally, in the realm of nutrigenomics - the study of foods on gene expression in the body - grape consumption has been shown to positively alter gene expression in relevant body systems. Pezzuto suggests that it is these activities at the genetic level that are likely the driving force behind the health benefits of grapes.

"Dr. Pezzuto shows that based on the science, grapes are indeed a superfood, and should be recognized as such," said Ian LeMay, president of the California Table Grape Commission, "and we are hopeful that using this nomenclature in association with grapes becomes common practice. Luckily, whether consumed for health or sheer enjoyment as a healthy snack, eating California grapes is a win for consumers."
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Starving tumors makes cancer treatment work better | ScienceDaily
Cancer cells and tumors do not exist in a vacuum. Far from the isolation and self-sufficiency of the fictional Wakanda, tumors develop in and alter the nearby milieu of immune cells, connective tissue, blood vessels and a sea of proteins and carbohydrates that provide structure and other supportive functions.


						
Cancer cells interact with this neighborhood -- which scientists term the tumor microenvironment -- in many ways, including obtaining extra resources needed to fuel their unchecked growth. Like a fishing trawler deploying its net, pancreatic ductal adenocarcinoma (PDAC) cells reform their cell surfaces to grab additional nutrients from the jelly-like substance between cells called the extracellular matrix.

This cellular scavenging process -- known as macropinocytosis -- affects the area surrounding the tumor, making the connective tissue stiffer and preventing immune cells from reaching the tumor.

Scientists at the NCI-Designated Cancer Center at Sanford Burnham Prebys published findings July 24, 2025, in Cancer Cell demonstrating that blocking macropinocytosis reshapes the tumor microenvironment to be less fibrous and to allow more access to immune cells. These changes made immunotherapy and chemotherapy more effective in treating PDAC tumors in mice.

The researchers started by observing cells in the tumor microenvironment called fibroblasts that typically form connective tissue and produce many components of the extracellular matrix that are captured during macropinocytosis. In the presence of a tumor, some nearby fibroblasts are coerced to become cancer-associated fibroblasts (CAF) that help tumors grow.

"These CAFs are among the cells surrounding the tumor, and they will support tumor growth by providing metabolites and growth signals, as well as helping in other ways," said Yijuan Zhang, PhD, a staff scientist at Sanford Burnham Prebys and lead author of the study.

The scientists found that blocking macropinocytosis exacerbated the metabolic stress experienced by CAFs that are deprived of glutamine, one of the 20 amino acids used to build proteins throughout the body. Because PDAC relies upon glutamine much more than other cancers, CAFs in the pancreatic cancer tumor microenvironment are routinely starved of glutamine. After preventing pancreatic CAFs from using the same scrounging strategy as PDAC tumors, the scientists observed a change to a different subtype of CAF marked by the expression of genes that promote inflammation.




"Most pancreatic CAFs are myofibroblasts that promote stiffness and density in the tumor microenvironment and make it more difficult for immune cells and drugs to reach the tumor," said Cosimo Commisso, PhD, senior author and interim director and deputy director of the institute's cancer center. "Our experiments led to a subtype reprogramming with fewer myofibroblasts and more inflammatory CAFs, and we wondered how this change would affect the overall tumor microenvironment."

The research team found that significant changes in the tumor neighborhood resulted from preventing macropinocytosis in CAFs.

"There were fewer deposits of collagen that make the tumor microenvironment stiff or fibrotic, more access for CD4+ and CD8+ T cells to infiltrate the tumor, and vascular expansion, which means a widening of blood vessels that can promote drug delivery," said Zhang.

The investigators then wanted to see how these tumor microenvironment modifications might make a difference for patients with PDAC and other cancers that rely on macropinocytosis for fuel. They tested the effects of combining a treatment to block macropinocytosis with immunotherapy and chemotherapy.

"Infiltrating T cells are rich in a cell surface protein called PD-1 that dampens the immune response, so we combined a macropinocytosis inhibitor called EIPA with an anti-PD-1 antibody," said Commisso. "We found it significantly suppressed tumor metastasis and prolonged mouse survival."

"Our findings were similar when using EIPA as a pre-treatment before using the chemotherapy gemcitabine," said Zhang. "In addition to synergistically suppressing tumor growth in mice with PDAC, it also reduced the spread of micrometastases in the lungs."

The scientists will continue to explore how to prevent tumors from scavenging energy to reshape the tumor microenvironment into one that makes cancer treatments more effective.




"We believe this is a very promising strategy to pursue for developing combination therapies for cancer patients," said Commisso. "Especially for pancreatic cancer that is the third leading causes of cancer deaths despite accounting for only three percent of cases."

Additional authors include:
    	Li Ling, Rabi Murad, Swetha Maganti, Ambroise Manceau, Hannah A. Hetrick, Madelaine Neff, Cheska Marie Galapate, Shea F. Grenier, Florent Carrette, Karen Duong-Polk, Anindya Bagchi, David A. Scott, Yoav Altman, Jennifer L. Hope and Linda M. Bradley from Sanford Burnham Prebys
    	Andrew M. Lowy from the University of California San Diego

The study was supported by the National Institutes of Health and the National Cancer Institute.
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Brain fog, falls, and fatigue? This app helps seniors cut risky meds | ScienceDaily
McGill University researchers have developed and are licensing a digital tool to help safely reduce patients' use of medications that may be unnecessary or even harmful to them.


						
When clinicians review a patient's file, MedSafer flags potentially inappropriate medications. In a new clinical trial, the software helped deprescribe such medications in 36 percent of long-term care residents, nearly triple as many as when reviews were done without the tool.

"Sometimes we blame aging for memory loss or mobility issues when the real culprit is the medications," said lead author Dr. Emily McDonald, Associate Professor in McGill's Department of Medicine, Scientist at the Research Institute of the McGill University Health Centre (The Institute) and attending physician at the McGill University Health Centre. "I've seen patients go from barely responsive to having conversations again after stopping a sedating medication."

Nearly two thirds of Canadian seniors take five or more medications a day, and the number is significantly higher in long-term care, she added.

How the tool fits into routine care

Medications are typically reviewed every three months in long-term care homes, but the scholars say there's no standard approach to deprescribing.

MedSafer works as a checklist for clinicians. It scans a resident's medication list alongside their health conditions, flags drugs that may no longer be appropriate and provides guidance on how to stop some medications or for safer alternatives.




The software was co-developed by McDonald and Dr. Todd Lee, Associate Professor in McGill's Department of Medicine and Scientist at The Institute . The trial involved 725 residents in five long-term care homes in New Brunswick who were taking an average of 10 medications each.

The problem with 'prescribing cascades'

Medications often accumulate over time and are sometimes prescribed to counteract the side effects of other drugs, a pattern known as a "prescribing cascade."

"Some medications can increase the risk of falls, confusion and hospitalizations," said Lee. "The more you take, the more side effects and interactions you can have."

The researchers' goal is to see MedSafer integrated into primary care, so that overmedication can be addressed before patients enter long-term care.

"This should be the new standard of care for older adults," McDonald said. "No one should be on a medication that's doing more harm than good."

About the study

The research was funded by the Healthy Seniors Pilot Project, a joint initiative of the Public Health Agency of Canada and the Government of New Brunswick.

McDonald and Lee are co-founders of MedSafer Corp., which licenses the software used in the study.
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This diet helped people lose twice as much weight, without eating less | ScienceDaily
When given nutritionally matched diets, participants lost twice as much weight eating minimally processed foods compared to ultra-processed foods, suggesting that cutting down on processing could help to sustain a healthy weight long term, finds a new clinical trial led by researchers at UCL and UCLH.


						
The study, published in Nature Medicine, is the first interventional study comparing ultra-processed food (UPF) and minimally processed food (MPF) diets in 'real world' conditions, as well as being the longest experimental study of a UPF diet to date1.

The trial split 55 adults into two groups. One group started with an eight-week diet of MPF, such as overnight oats or homemade spaghetti Bolognese. After a four-week 'washout' period during which participants went back to their normal diet, they switched to a diet of UPF, such as breakfast oat bars or a lasagna ready meal. The other group completed the diets in the opposite order. In total, 50 participants completed at least one diet.

The provided diets were nutritionally matched in accordance with the Eatwell Guide, the UK's official government advice on how to eat a healthy, balanced diet. This included levels of fat, saturated fat, protein, carbohydrate, salt and fiber, as well as providing recommended intakes of fruits and vegetables. Participants had plenty of food (i.e. more calories than they needed) delivered to their home and were told to eat as much or as little as they wanted, as they would normally. They were not told to limit their intake.

After eight weeks on each diet, both groups lost weight, likely as a result of the improved nutritional profile of what they were eating compared to their normal diet. However, this effect was higher (2.06% reduction) on the MPF diet compared to the UPF diet (1.05% reduction)2.

These changes corresponded to an estimated calorie deficit of 290 kilocalories (kcal) per day on the MPF diet, compared to 120 kcal per day on the UPF diet. To put this in context, the Eatwell Guide recommends a daily energy intake of 2,000 kcal for women and 2,500 kcal for men.

The greater weight loss experienced on the MPF diet came from reductions in fat mass and total body water, with no change in muscle or fat-free mass, indicating a healthier body composition overall.




The findings suggest that, when observing recommended dietary guidelines, choosing minimally processed foods may be more effective for losing weight.

Dr Samuel Dicken, first author of the study from the UCL Centre for Obesity Research and UCL Department of Behavioural Science & Health, said: "Previous research has linked ultra-processed foods with poor health outcomes. But not all ultra-processed foods are inherently unhealthy based on their nutritional profile. The main aim of this trial was to fill crucial gaps in our knowledge about the role of food processing in the context of existing dietary guidance, and how it affects health outcomes such as weight, blood pressure and body composition, as well as experiential factors like food cravings.

"The primary outcome of the trial was to assess percentage changes in weight and on both diets we saw a significant reduction, but the effect was nearly double on the minimally processed diet. Though a 2% reduction may not seem very big, that is only over eight weeks and without people trying to actively reduce their intake. If we scaled these results up over the course of a year, we'd expect to see a 13% weight reduction in men and a 9% reduction in women on the minimally processed diet, but only a 4% weight reduction in men and 5% in women after the ultra-processed diet. Over time this would start to become a big difference."

Participants completed several questionnaires to assess their food cravings before starting the diets, and at weeks four and eight during the diets3.

There were significantly greater improvements in the number of cravings and ability to resist them (craving control) on the MPF diet compared to the UPF diet, despite greater weight loss on the MPF diet that might ordinarily be expected to lead to stronger cravings.

On the MPF diet compared to the UPF diet, participants reported a two-fold greater improvement in overall craving control, a four-fold greater improvement in craving control for savoury food, and an almost two-fold greater improvement in resisting whichever food they most craved.




Professor Chris van Tulleken, an author of the study from UCL Division of Infection & Immunity and UCLH, said: "The global food system at the moment drives diet-related poor health and obesity, particularly because of the wide availability of cheap, unhealthy food. This study highlights the importance of ultra-processing in driving health outcomes in addition to the role of nutrients like fat, salt and sugar. It underlines the need to shift the policy focus away from individual responsibility and on to the environmental drivers of obesity, such as the influence of multinational food companies in shaping unhealthy food environments.

"Stakeholders across disciplines and organisations must work together and focus on wider policy actions that improve our food environment, such as warning labels, marketing restrictions, progressive taxation and subsidies, to ensure that healthy diets are affordable, available and desirable for all."

The trial also measured secondary health markers, such as blood pressure and heart rate, as well as blood markers such as liver function, glucose, cholesterol and inflammation. Across these markers, there were no significant negative impacts of the UPF diet, with either no change, or a significant improvement from baseline.

Generally, there weren't significant differences in these markers between the diets, and the researchers caution that longer studies would be needed to investigate these measures properly in relation to the changes in weight and fat mass.

Professor Rachel Batterham, senior author of the study from the UCL Centre for Obesity Research, said: "Despite being widely promoted, less than 1% of the UK population follows all of the recommendations in the Eatwell Guide, and most people stick to fewer than half.

"The normal diets of the trial participants tended to be outside national nutritional guidelines and included an above average proportion of UPF, which may help to explain why switching to a trial diet consisting entirely of UPF, but that was nutritionally balanced, resulted in neutral or slightly favourable changes to some secondary health markers.

"The best advice to people would be to stick as closely to nutritional guidelines as they can by moderating overall energy intake, limiting intake of salt, sugar and saturated fat, and prioritizing high-fiber foods such as fruits, vegetables, pulses and nuts. Choosing less processed options such as whole foods and cooking from scratch, rather than ultra-processed, packaged foods or ready meals, is likely to offer additional benefits in terms of body weight, body composition and overall health."

This research was supported by the National Institute for Health and Care Research UCLH Biomedical Research Centre and the Rosetrees Trust.

Notes
    	MPF have undergone very little alteration from their natural state, such as fruits, vegetables, whole grains, meat, fish and dairy products like natural yoghurt. UPF have been significantly altered from their original form through processing, and typically contain ingredients not commonly used in home cooking, such as artificial flavours, preservatives and emulsifiers.
    	Not all participants lost weight, with 10 individuals in each group gaining weight. This is thought to be due to a lack of adherence to the diet, particularly on the second diet that they undertook. When the unadjusted results from the first round of diets (either MPF or UPF) were considered in isolation, the weight loss was greater than when the average across both rounds of diets (4.09% reduction for MPF and 2.12% reduction for UPF).
    	The Control of Eating Questionnaire (CoEQ) assesses overall craving control, craving for sweet foods, craving for savoury foods, positive mood, and the perceived ability to resist eating foods that are craved. The Power of Food Scale (PFS) assesses the appetite for and motivation to consume palatable foods when that food is available (but not physically present), when it is present (but not tasted), and when the food has been tasted (but not yet consumed).
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Crushing vs. Slashing: New skull scans reveal how giant dinosaurs killed | ScienceDaily
A new analysis of the bite strength of 18 species of carnivorous dinosaurs shows that while the Tyrannasaurus rex skull was optimized for quick, strong bites like a crocodile, other giant, predatory dinosaurs that walked on two legs -- including spinosaurs and allosaurs -- had much weaker bites and instead specialized in slashing and ripping flesh. Reported in the Cell Press journal Current Biology on August 4, these findings demonstrate that meat-eating dinosaurs followed different evolutionary paths in terms of skull design and feeding style despite their similarly gigantic sizes.


						
"Carnivorous dinosaurs took very different paths as they evolved into giants in terms of feeding biomechanics and possible behaviors," said Andrew Rowe of the University of Bristol, UK.

"Tyrannosaurs evolved skulls built for strength and crushing bites, while other lineages had comparatively weaker but more specialized skulls, suggesting a diversity of feeding strategies even at massive sizes. In other words, there wasn't one 'best' skull design for being a predatory giant; several designs functioned perfectly well."

Rowe has always been fascinated by big carnivorous dinosaurs, and he considers them interesting subjects for exploring basic questions in organismal biology. In this study, he and co-author Emily Rayfield wanted to know how bipedalism -- or walking on two legs -- influenced skull biomechanics and feeding techniques.

It was previously known that despite reaching similar sizes, predatory dinosaurs evolved in very different parts of the world at different times and had very different skull shapes. For Rowe and Rayfield, those facts raised questions about whether their skulls were functionally similar under the surface or if there were notable differences in their predatory lifestyles. As there are no massive, bipedal carnivores alive today -- ever since the end-Cretaceous mass extinction event -- the authors note that studying these animals offers intriguing insights into a way of life which has since disappeared.

To examine the relationship between body size and skull biomechanics, the authors used 3D technologies including CT scans and surface scans analyze the skull mechanics, quantify the feeding performance, and measure the bite strength across 18 species of therapod, a group of carnivorous dinosaurs ranging from small to giant. While they expected some differences between species, they were surprised when their analyses showed clear biomechanical divergence.

"Tyrannosaurids like T. rex had skulls that were optimized for high bite forces at the cost of higher skull stress," Rowe says. "But in some other giants, like Giganotosaurus, we calculated stress patterns suggesting a relatively lighter bite. It drove home how evolution can produce multiple 'solutions' to life as a large, carnivorous biped."

Skull stress didn't show a pattern of increase with size. Some smaller therapods experienced greater stress than some larger species due to increased muscle volume and bite forces. The findings show that being a predatory biped didn't always equate to being a bone-crushing giant. Unlike T. rex, some dinosaurs, including the spinosaurs and allosaurs, became giants while maintaining weaker bites more suited for slashing at prey and stripping flesh.

"I tend to compare Allosaurus to a modern Komodo dragon in terms of feeding style," Rowe says. "Large tyrannosaur skulls were instead optimized like modern crocodiles with high bite forces that crushed prey. This biomechanical diversity suggests that dinosaur ecosystems supported a wider range of giant carnivore ecologies than we often assume, with less competition and more specialization."

This research was supported by funding from the Biotechnology and Biological Sciences Research Council.
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Scientists just cracked the code to editing entire chromosomes flawlessly | ScienceDaily
A team of Chinese researchers led by Prof. GAO Caixia from the Institute of Genetics and Developmental Biology of the Chinese Academy of Sciences has developed two new genome editing technologies, known collectively as Programmable Chromosome Engineering (PCE) systems.


						
The study, published online in Cell on August 4, achieves multiple types of precise DNA manipulations ranging from kilobase to megabase scale in higher organisms, especially plants.

Extensive research has demonstrated the immense potential of the site-specific recombinase Cre-Lox system for precise chromosomal manipulation. However, its broader application has been hindered by three critical limitations:
    	Reversible recombination reactions -- stemming from the inherent symmetry of Lox sites -- can negate desired edits.
    	The tetrameric nature of Cre recombinase complicates engineering efforts, hindering activity optimization.
    	Residual Lox sites after recombination may compromise editing precision.

The research team addressed each of these challenges and developed novel methods to advance the state of this technology. First, they built a high-throughput platform for rapid recombination site modification and proposed an asymmetric Lox site design. This led to the development of novel Lox variants that reduce reversible recombination activity by over 10-fold (approaching the background level of negative controls) while retaining high-efficiency forward recombination.

They then leveraged their recently developed AiCE (AI-informed Constraints for protein Engineering), model -- a protein-directed evolution system integrating general inverse folding models with structural and evolutionary constraints -- to develop AiCErec, a recombinase engineering method. This approach enabled precise optimization of Cre's multimerization interface, yielding an engineered variant with a recombination efficiency 3.5 times that of wild-type Cre.

Lastly, they designed and refined a scarless editing strategy for recombinases. By harnessing the high editing efficiency of prime editors, they developed Re-pegRNA, a method that uses specifically designed pegRNAs to perform re-prime editing on residual Lox sites, precisely replacing them with the original genomic sequence, thereby ensuring seamless genome modifications.

The integration of these three innovations led to the creation of two programmable platforms, PCE and RePCE. These platforms allow flexible programming of insertion positions and orientations for different Lox sites, enabling precise, scarless manipulation of DNA fragments ranging from kilobase to megabase scale in both plant and animal cells. Key achievements include: targeted integration of large DNA fragments up to 18.8 kb, complete replacement of 5-kb DNA sequences, chromosomal inversions spanning 12 Mb, chromosomal deletions of 4 Mb, and whole-chromosome translocations.

As a proof of concept, the researchers used this technology to create herbicide-resistant rice germplasm with a 315-kb precise inversion, showcasing its transformative potential for genetic engineering and crop improvement.

This pioneering work not only overcomes the historical limitations of the Cre-Lox system but also opens new avenues for precise genome engineering in a variety of organisms.
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Scientists reexamine 47-year-old fossil and discover a new Jurassic sea monster | ScienceDaily
Paleontologists have identified a new species of ancient marine reptile from Germany's world-renowned Posidonia Shale fossil beds, expanding our understanding of prehistoric ocean ecosystems that existed nearly 183 million years ago.


						
The newly classified species, named Plesionectes longicollum ("long-necked near-swimmer"), represents a previously unknown type of plesiosauroid -- the group of long-necked marine reptiles that inhabited Earth's oceans during the age of dinosaurs. The specimen is a nearly complete skeleton that even preserves remnants of fossilized soft tissue. It was originally excavated in 1978 from a quarry in Holzmaden, Southwest Germany, but its unique anatomical features have only now been fully recognized through comprehensive scientific analysis.

"This specimen has been in collections for decades, but previous studies never fully explored its distinctive anatomy," said Sven Sachs of the Naturkunde-Museum Bielefeld, the study's lead author. "Our detailed examination revealed an unusual combination of skeletal features that clearly distinguish it from all previously known plesiosaurs."

The research, published by Sven Sachs and co-author Dr. Daniel Madzia from the Polish Academy of Sciences, demonstrates that the Posidonia Shale -- already famous for its exceptionally preserved fossils -- contained even greater marine reptile diversity than previously recognized.

The Plesionectes specimen is particularly significant as it represents the oldest known plesiosaur from the Holzmaden area. Despite being an immature individual, its distinctive anatomical characteristics were not significantly affected by its developmental stage, warranting classification as an entirely new genus and species.

"This discovery adds another piece to the puzzle of marine ecosystem evolution during a critical time in Earth's history," explained Dr. Madzia. "The early Toarcian period when this animal lived was marked by significant environmental changes, including a major oceanic anoxic event that affected marine life worldwide."

The fossil is permanently housed at the Staatliches Museum fur Naturkunde Stuttgart (Stuttgart State Museum of Natural History) where it is cataloged as specimen SMNS 51945.

The Posidonia Shale at Holzmaden has previously yielded five other plesiosaur species, including representatives from all three major plesiosaur lineages. This new addition further cements the formation's status as one of the world's most important windows into Jurassic marine life.
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This star survived its own supernova and shined even brighter | ScienceDaily
Rich with detail, the spiral galaxy NGC 1309 shines in this NASA/ESA Hubble Space Telescope Picture of the Week. NGC 1309 is situated about 100 million light-years away in the constellation Eridanus.


						
This stunning Hubble image encompasses NGC 1309's bluish stars, dark brown gas clouds and pearly white centre, as well as hundreds of distant background galaxies. Nearly every smudge, streak and blob of light in this image is an individual galaxy. The only exception to the extragalactic ensemble is a star, which can be identified near the top of the frame by its diffraction spikes. It is positively neighborly, just a few thousand light-years away in the Milky Way galaxy.

Hubble has turned its attention toward NGC 1309 several times; previous Hubble images of this galaxy were released in 2006 and 2014. Much of NGC 1309's scientific interest derives from two supernovae, SN 2002fk in 2002 and SN 2012Z in 2012. SN 2002fk was a perfect example of a Type Ia supernova, which happens when the core of a dead star (a white dwarf) explodes.

SN 2012Z, on the other hand, was a bit of a renegade. It was classified as a Type Iax supernova: while its spectrum resembled that of a Type Ia supernova, the explosion wasn't as bright as expected. Hubble observations showed that in this case, the supernova did not destroy the white dwarf completely, leaving behind a 'zombie star' that shone even brighter than it did before the explosion. Hubble observations of NGC 1309 taken across several years also made this the first time the white dwarf progenitor of a supernova has been identified in images taken before the explosion.
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NASA's most advanced radar ever will track earthquakes, landslides, and ice loss from space | ScienceDaily
Following a successful launch on July 30, the NISAR satellite will orbit Earth for at least three years, using its sophisticated radar systems to scan nearly all the planet's land and ice surfaces twice every 12 days. NASA and the Indian Space Research Organisation (ISRO) will jointly operate the spacecraft and gather science of high priority to both the United States and India.


						
Short for NASA-ISRO Synthetic Aperture Radar, NISAR will help scientists better understand processes involved in natural hazards and catastrophic events, such as earthquakes, volcanic eruptions, and landslides. In addition, it will support monitoring of infrastructure, such as dams, bridges, and roadways. What's more, the satellite's cloud-penetrating ability will help urgent-response communities during weather disasters such as hurricanes, storm surges, and floods. And NISAR will provide key global Earth observations, such as changes in ice sheets, glaciers, and sea ice, as well as improve understanding of how deforestation, permafrost loss, and fires affect the carbon cycle.

Along with providing an unprecedented amount of data, the mission breaks new ground with its collaboration between teams of scientists and engineers separated by more than 9,000 miles and 13 time zones.

The first-ever hardware collaboration between NASA and ISRO on an Earth-observing mission, NISAR will carry the most advanced radar system ever launched as part of a NASA or ISRO mission.

About the length of a pickup truck, the satellite's main body contains engineering systems and a first-of-its-kind dual-radar payload -- an L-band system with a 10-inch (25-centimeter) wavelength and an S-band system with a 4-inch (10-centimeter) wavelength. Each system's signal is sensitive to different sizes of features on Earth's surface, and each specializes in measuring different attributes, such as moisture content, surface roughness, and motion. These characteristics are important for studying a variety of natural surface conditions, such as the amount of soil moisture available for vegetation to thrive or if land has subsided over time.

When operating together, the satellite's two radars will collect data synchronized in time and location, extending the sensitivity of the measurements to objects on the surface in a broad range of sizes. For example, S-band data will allow more accurate characterization of shorter plants, such as bushes and shrubs, while L-band data will sense taller vegetation, like trees.

The spacecraft will operate in a Sun-synchronous orbit, with its radar antennas pointed in a configuration that will also offer unprecedented coverage of Antarctica. This is crucial for studying the motion, deformation, and melting of the Antarctic ice sheet as it breaks up and deposits fresh water into the ocean.
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AI cracks a meteorite's secret: A material that defies heat | ScienceDaily
Crystals and glasses have opposite heat-conduction properties, which play a pivotal role in a variety of technologies. These range from the miniaturization and efficiency of electronic devices to waste-heat recovery systems, as well as the lifespan of thermal shields for aerospace applications.


						
The problem of optimizing the performance and durability of materials used in these different applications essentially boils down to fundamentally understanding how their chemical composition and atomic structure (e.g., crystalline, glassy, nanostructured) determine their capability to conduct heat. Michele Simoncelli, assistant professor of applied physics and applied mathematics at Columbia Engineering, tackles this problem from first principles -- i.e., in Aristotle's words, in terms of "the first basis from which a thing is known" -- starting from the fundamental equations of quantum mechanics and leveraging machine-learning techniques to solve them with quantitative accuracy.

In research published on July 11 in the Proceedings of the National Academy of Sciences, Simoncelli and his collaborators Nicola Marzari from the Swiss Federal Technology Institute of Lausanne and Francesco Mauri from Sapienza University of Rome predicted the existence of a material with hybrid crystal-glass thermal properties, and a team of experimentalists led by Etienne Balan, Daniele Fournier, and Massimiliano Marangolo from the Sorbonne University in Paris confirmed it with measurements.

The first of its kind, this material was discovered in meteorites and has also been identified on Mars. The fundamental physics driving this behavior could advance our understanding and design of materials that manage heat under extreme temperature differences -- and, more broadly, provide insight into the thermal history of planets.

A unified theory of thermal transport in atomically ordered crystals and disordered glasses

Thermal conduction depends on whether a material is crystalline, with an ordered lattice of atoms, or glassy, with a disordered, amorphous structure, which influences how heat flows at the quantum level-broadly speaking, thermal conduction in crystals typically decreases with increasing temperature, while in glasses it increases upon heating.

In 2019, Simoncelli, Nicola Marzari, and Francesco Mauri derived a single equation that captures the opposite thermal-conductivity trends observed in crystals and glasses -- and, most importantly, also describes the intermediate behavior of defective or partially disordered materials, such as those used in thermoelectrics for waste-heat recovery, perovskite solar cells, and thermal barrier coatings for heat shields.




Using this equation, they investigated the relationship between atomic structure and thermal conductivity in materials made from silicon dioxide, one of the main components of sand. They predicted that a particular "tridymite" form of silicon dioxide, described in the 1960s as typical of meteorites, would exhibit the hallmarks of a hybrid crystal-glass material with a thermal conductivity that remains unchanged with temperature. This unusual thermal-transport behavior bears analogies with the invar effect in thermal expansion, for which the Nobel Prize in Physics was awarded in 1920.

That led the team to the experimental groups of Etienne Balan, Daniele Fournier, and Massimiliano Marangolo in France, who obtained special permission from the National Museum of Natural History in Paris to perform experiments on a sample of silica tridymite carved from a meteorite that landed in Steinbach, Germany, in 1724. Their experiments confirmed their predictions: meteoric tridymite has an atomic structure that falls between an orderly crystal and disordered glass, and its thermal conductivity remains essentially constant over the experimentally accessible temperature range of 80 K to 380 K.

Upon further investigation, the team also predicted that this material could form from decade-long thermal aging in refractory bricks used in furnaces for steel production. Steel is one of the most essential materials in modern society, but producing it is carbon-intensive: just 1 kg of steel emits approximately 1.3 kg of carbon dioxide, with the nearly 1 billion tons produced each year accounting for about7% of carbon emissions in the U.S. Materials derived from tridymite could be used to more efficiently control the intense heat involved in steel production, helping to reduce the steel industry's carbon footprint.

Future: from AI-driven solutions of first-principles theories to real-world technologies

In this new PNAS paper, Simoncelli employed machine-learning methods to overcome the computational bottlenecks of traditional first-principles methods and simulate atomic properties that influence heat transport with quantum-level accuracy. The quantum mechanisms that govern heat flow through hybrid crystal-glass materials may also help us understand the behavior of other excitations in solids, such as charge-carrying electrons and spin-carrying magnons. Research on these topics is shaping emerging technologies, including wearable devices powered by thermoelectrics, neuromorphic computing, and spintronic devices that exploit magnetic excitations for information processing.

Simoncelli's group at Columbia is exploring these topics, structured around three core pillars: the formulation of first-principles theories to predict experimental observables, the development of AI simulation methods for quantitatively accurate predictions of materials properties, and the application of theory and methods to design and discover materials to overcome targeted industrial or engineering challenges.
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Johns Hopkins scientists grow a mini human brain that lights up and connects like the real thing | ScienceDaily
Johns Hopkins University researchers have grown a novel whole-brain organoid, complete with neural tissues and rudimentary blood vessels -- an advance that could usher in a new era of research into neuropsychiatric disorders such as autism.


						
"We've made the next generation of brain organoids," said lead author Annie Kathuria, an assistant professor in JHU's Department of Biomedical Engineering who studies brain development and neuropsychiatric disorders. "Most brain organoids that you see in papers are one brain region, like the cortex or the hindbrain or midbrain. We've grown a rudimentary whole-brain organoid; we call it the multi-region brain organoid (MRBO)."

The research, published in Advanced Science, marks one of the first times scientists have been able to generate an organoid with tissues from each region of the brain connected and acting in concert. Having a human cell-based model of the brain will open possibilities for studying schizophrenia, autism, and other neurological diseases that affect the whole brain -- work that typically is conducted in animal models.

To generate a whole-brain organoid, Kathuria and members of her team first grew neural cells from the separate regions of the brain and rudimentary forms of blood vessels in separate lab dishes. The researchers then stuck the individual parts together with sticky proteins that act as a biological superglue and allowed the tissues to form connections. As the tissues began to grow together, they started producing electrical activity and responding as a network.

The multi-region mini brain organoid retained a broad range of types of neuronal cells, with characteristics resembling a brain in a 40-day-old human fetus. Some 80% of the range of types of cells normally seen at the early stages of human brain development was equally expressed in the laboratory-crafted miniaturized brains. Much smaller compared to a real brain -- weighing in at 6 million to 7 million neurons compared with tens of billions in adult brains -- these organoids provide a unique platform on which to study whole-brain development.

The researchers also saw the creation of an early blood-brain barrier formation, a layer of cells that surround the brain and control which molecules can pass through.

"We need to study models with human cells if you want to understand neurodevelopmental disorders or neuropsychiatric disorders, but I can't ask a person to let me take a peek at their brain just to study autism," Kathuria said. "Whole-brain organoids let us watch disorders develop in real time, see if treatments work, and even tailor therapies to individual patients."

Using whole-brain organoids to test experimental drugs may also help improve the rate of clinical trial success, researchers said. Roughly 85% to 90% of drugs fail during Phase 1 clinical trials. For neuropsychiatric drugs, the fail rate is closer to 96%. This is because scientists predominantly study animal models during the early stages of drug development. Whole-brain organoids more closely resemble the natural development of a human brain and likely will make better test subjects.

"Diseases such as schizophrenia, autism, and Alzheimer's affect the whole brain, not just one part of the brain. If you can understand what goes wrong early in development, we may be able to find new targets for drug screening," Kathuria said. "We can test new drugs or treatments on the organoids and determine whether they're actually having an impact on the organoids."
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Alzheimer's risk may start at the brain's border, not inside it | ScienceDaily
The brain's health depends on more than just its neurons. A complex network of blood vessels and immune cells acts as the brain's dedicated guardians -- controlling what enters, cleaning up waste, and protecting it from threats by forming the blood-brain barrier.


						
A new study from Gladstone Institutes and UC San Francisco (UCSF) reveals that many genetic risk factors for neurological diseases like Alzheimer's and stroke exert their effects within these very guardian cells.

"When studying diseases affecting the brain, most research has focused on its resident neurons," says Gladstone Investigator Andrew C. Yang, PhD, senior author of the new study. "I hope our findings lead to more interest in the cells forming the brain's borders, which might actually take center stage in diseases like Alzheimer's."

The findings, published in Neuron, address a long-standing question about where genetic risk begins and suggest that vulnerabilities in the brain's defense system may be a key trigger for disease.

Mapping the Brain's Guardians

For years, large-scale genetic studies have linked dozens of DNA variants to a higher risk of neurological diseases like Alzheimer's, Parkinson's, or multiple sclerosis.

Yet, a major mystery has persisted: over 90% of these variants lie not in the genes themselves, but in the surrounding DNA that does not contain the code for making proteins, once dismissed as "junk DNA." These regions act as complex dimmer switches, turning genes on or off.




Until now, scientists haven't had a full map of which switches control which genes or in which specific brain cells they operate, hindering the path from genetic discovery to new treatments.

A New Technology Finds Answers

The blood-brain barrier is the brain's frontline defense -- a cellular border made up of blood vessel cells, immune cells, and other supporting cells that meticulously controls access to the brain.

Yet, these important cells have been difficult to study, even using the field's most powerful genetic techniques. To overcome this, the Gladstone team developed MultiVINE-seq, a technology that gently isolates the vascular and immune cells from postmortem human brain tissue.

This technology allowed the team, for the first time, to simultaneously map two layers of information: the gene activity and the "dimmer switch" settings -- known as chromatin accessibility -- within each cell. The scientists studied 30 brain samples from individuals with and without neurological disease, giving them a detailed look at how genetic risk variants function across all major brain cell types.

Working closely with Gladstone Investigators Ryan Corces, PhD, and Katie Pollard, PhD, lead authors Madigan Reid, PhD, and Shreya Menon integrated their single-cell atlas with large-scale genetic data from studies of Alzheimer's, stroke, and other brain diseases. This revealed where disease-associated variants are active -- and many were found to be active in vascular and immune cells rather than neurons.




"Before this, we knew these genetic variants increased disease risk, but we didn't know where or how they acted in the context of brain barrier cell types," Reid says. "Our study shows that many of the variants are actually functioning in blood vessels and immune cells in the brain."

Different Diseases, Different Disruptions

One of the study's most striking findings is that genetic risk variants affect the brain's barrier system in fundamentally different ways, depending on the disease.

"We were surprised to see that the genetic drivers for stroke and Alzheimer's had such distinct effects, even though they both involve the brain's blood vessels," Reid says. "That tells us they involve really distinct mechanisms: structural weakening in stroke, and dysfunctional immune signaling in Alzheimer's."

In stroke, genetic variants primarily affected genes responsible for the structural integrity of blood vessels, potentially weakening the vessels' physical structure. Whereas in Alzheimer's, the variants amplified genes that regulate immune activity, suggesting that overactive inflammation -- not structural weakness -- is the key issue.

Among the Alzheimer's-associated variants, one stood out. A common variant near the PTK2B gene, which is found in more than a third of the population, was most active in T cells, a type of immune cell. The variant enhances expression of the gene, which may promote T cell activation and entry into the brain, putting immune cells into overdrive. The team found these super-charged immune cells near amyloid plaques, the sticky protein buildups that mark Alzheimer's.

"Scientists are debating the role of T cells and related components of the immune system in Alzheimer's," Yang says. "Here, we provide genetic evidence in humans that a common Alzheimer's risk factor may work through T cells."

Excitingly, PTK2B is a known "druggable" target, and therapies that inhibit its function are already in clinical trials for cancer. The new study opens a fresh avenue to investigate whether such drugs could be repurposed for Alzheimer's disease.

Location, Location, Location

The study's findings on the brain's "guardian" cells point to two new opportunities for protecting the brain.

Located at the critical interface between the brain and the body, the cells are continually influenced by lifestyle and environmental exposures, which could synergize with genetic predispositions to drive disease. Their location also makes them a promising target for future therapies, potentially allowing for drugs that can bolster the brain's defenses from the "outside" without needing to cross the formidable blood-brain barrier.

"This work brings the brain's vascular and immune cells into the spotlight," Yang says. "Given their unique location and role in establishing the brain's relationship with the body and outside world, our work could inform new, more accessible drug targets and lifestyle interventions to protect the brain from the outside in."

About the Study

The study, "Human brain vascular multi-omics elucidates disease risk associations," was published in the journal Neuron on July 28, 2025.

In addition to Yang, Reid, Corces, and Pollard, the study's other authors are Shreya Menon, Hao Liu, Haoyue Zhou, Zhirui Hu, Bella Ding, Zimo Zhang, Sophia Nelson, and Amanda Apolonio of Gladstone; Simon Frerich of UC San Francisco; Shahram Oveisgharan and David A. Bennett of Rush University Medical Center; and Martin Dichgans of LMU Munich.

The work was supported by the National Institute of Neurological Disorders and Stroke (1R01NS128909-01), Alzheimer's Association (ADSF-24-1345199-C, AARF-22-923641), BrightFocus Foundation (A2022027F), Cure Alzheimer's Fund, the Ludwig Family Foundation, the Dolby Family Fund, the Bakar Aging Research Institute, National Institute of Mental Health (R01- 503 MH123178), National Institute of Aging (P01-AG073082, U01-AG072573), The Leducq Foundation (22CVD01, BRENDA), the Joachim Herz Foundation, and the National Human Genome Research Institute (UM1-HG012076).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250803233111.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



These butterflies look the same, but DNA uncovered six hidden species | ScienceDaily
Some butterflies can smell others of the same species, allowing them to identify each other in areas where multiple species all look the same, new research finds.


						
A large international team has genetically mapped glasswing butterflies found across Central and South America, rewriting the evolutionary tree and highlighting six new species.

The team includes experts at the Wellcome Sanger Institute, Universidad Regional Amazonica Ikiam in Ecuador, Universidade Estadual de Campinas in Brazil, the University of Cambridge, and others.

The research, published on July 28 in the Proceedings of the National Academy of Sciences (PNAS), starts to uncover new insights about these butterflies as well as factors involved in the rapid diversification of species and why some species are more capable of this. The findings help experts to understand more about how has life evolved until now and possibly suggest how it might change in the future.

For example, researchers found that in glasswing butterflies, even the most closely related species produce different pheromones, indicating that they can smell others of the same species. Given that all of these butterflies look the same to teach birds that they are all toxic, this allows the butterflies to find a compatible mate.

By untangling the taxonomy of these butterflies, the team provides answers to questions that have remained unknown for at least 150 years. The researchers also present ten freely available reference genomes that can help to monitor and maintain insect populations in some of the most biodiverse areas of the world.

Butterflies are used in conservation as an indicator species, meaning they are used to track and monitor the levels of biodiversity and other insects in an area.




Glasswing (Ithomiine) butterflies are found across Central and South America and make up a substantial part of the butterfly species found there, making them good indicators of biodiversity in incredibly biodiverse areas, like the Amazon rainforest.

However, there are over 400 species of glasswing butterfly, and all species in an area look incredibly similar to discourage birds from eating them, with coloring that implies they are toxic.

Additionally, glasswing butterflies can undergo rapid radiation, where many new species arise from the same ancestor in a short period of time. As they are very closely related, it makes it difficult to visually identify and track the different species of butterflies.

To genetically untangle these butterflies, an international team including Sanger Institute scientists sequenced the genomes of almost all species of two particularly fast radiations of glasswing butterflies to remap their evolutionary trees. Of those species, 10 were sequenced to the gold standard of "reference quality" genomes that are freely available to the research community.

By genetically mapping these butterflies, the team highlighted that six subspecies were more genetically distinct than previously thought, leading to them being classified as new individual species. Also, understanding the species from a genomic perspective enables experts to highlight any visual differences that could be used to identify and track the different species, now that they are confirmed as genetically distinct.

The team also investigated if the genomes held clues as to why these butterflies had so many species, and what allowed them to develop so quickly. While most butterflies have 31 chromosomes, they found that in these glasswing butterflies, the number of chromosomes varies a lot, ranging between 13 and 28. While they have largely the same genes, these genes are packaged into chromosomes in different ways in each species, a process known as chromosomal rearrangement.




These chromosomal rearrangements have knock-on effects when it comes to mating. In order to reproduce, butterflies must produce eggs and sperm, but this relies on the butterfly's chromosomes lining up. This means that if two butterflies with different chromosomal rearrangements mated, their offspring would be sterile because they would be unable to produce sperm or eggs. As a result, the butterflies have evolved a new mechanism using pheromones to detect potential mates with a chromosome arrangement that matches their own and therefore avoid producing sterile offspring.

The researchers suggest that the high level of chromosomal rearrangement in these butterflies is key to their ability to rapidly form new species, as once a population changes its chromosome number and thus forms its own species, it can more quickly adapt to different altitudes or host plants. Why they have such high levels of rearrangements remains a mystery and is something the scientists are working to uncover.

Understanding rapid radiation in insects could have implications for conservation research, understanding how species adapt to climate change, as well as possible implications for agriculture and pest control.

Dr Eva van der Heijden, first author at the Wellcome Sanger Institute and the University of Cambridge, said: "Glasswing butterflies are an incredibly adaptive group of insects that have been valuable in ecology research for around 150 years. However, until now, there was no genetic resource that allowed us to robustly identify different species, and it is difficult to monitor and track something that you can't identify easily. With this new genetically informed evolutionary tree, and multiple new reference genomes, we hope that it will be possible to advance biodiversity and conservation research around the world, and help protect the butterflies and other insects that are crucial to many of Earth's ecosystems."

Dr Caroline Bacquet, senior author at the Universidad Regional Amazonica Ikiam in Ecuador, said: "Having the reference genomes for the two groups of glasswing butterflies, Mechanitis and Melinaea, allowed us to take a closer look at how they have adapted to life in such close proximity to their relatives. These butterflies share the responsibility of warding off predators by displaying similar colour patterns, and by producing different pheromones they can successfully find mates and reproduce. Now that we have clarity on glasswing butterfly species, we can look for specific markings or differences between them, giving new ways to track them during fieldwork."

Dr Joana Meier, senior author at the Wellcome Sanger Institute, said: "We are in the middle of an extinction crisis and understanding how new species evolve, and evolve quickly in some cases, is important for preserving species. Comparing butterflies that rapidly form new species to others that do not could benchmark how common this is in insects and highlight the factors involved. This, in turn, could identify any species that require closer conservation and possibly identify genes that are important in the adaptation process and might have uses in agriculture, medicine, or bioengineering. This research would not have been possible without global collaboration. We have one planet, and we must work together to understand and protect it."

This study was made possible by a large international collaboration. As well as those already mentioned, this work included researchers at Harvard University, USA, the Federal University of Pernambuco, Brazil, Technische Universitat Braunschweig, Germany, the University of York, the University of Bristol, Universite de Guyane, France, Universidad Nacional Mayor de San Marcos, Lima, Peru, Smithsonian Tropical Research Institute, Panama, University of Florida, USA, and Universite des Antilles, Paris, France. A full list of contributors and affiliations can be found in the publication.

This research includes funding from Wellcome and others. A full list of funding acknowledgements can be found in the publication.
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Woodpeckers thrive where missiles fly. How a bombing range became a wildlife refuge | ScienceDaily
Florida's Avon Park bombing range is teeming with life. Over 40 at-risk species occupy this 106,000-acre expanse used by the U.S. Air Force for training exercises.


						
Conservation biologists from Michigan State University are using the range to test something other than weapons: innovative strategies to save threatened species.

Using decades' worth of monitoring data, researchers are looking back through time to understand the outcome of interventions designed to rescue a population of imperiled red-cockaded woodpeckers.

What they've found is a promising story of success.

Their results, published in a special edition of (Proceedings of the National Academy of Sciences), demonstrate the potential for translocations -- the practice of moving individuals from donor populations to isolated, at-risk ones -- to reverse long-term population decline in endangered species. It's the latest study from MSU's Fitzpatrick Lab to analyze how translocation efforts can help restore connectivity between isolated populations and bring dwindling species back from the brink.

These findings emphasize how effective the careful introduction of new individuals can be in the short-term and in the years and decades ahead -- presenting a potential boon for threatened and endangered species.

When used in concert with land protection and management strategies such as controlled burns, interventions at the individual level can help dwindling communities recover.




Red-cockaded woodpeckers, once abundant from the American South to the Eastern seaboard, have disappeared alongside their pine savannah habitat, now confined to small, disconnected pockets covering only three percent of their historic range.

The overdevelopment of these ecosystems has placed hundreds of species -- including the red-cockaded woodpecker -- at risk of disappearing entirely.

"The only reason that these populations are still around is because of the continued collaborations and long-term investment in these imperiled species," explained Alex Lewanski, a graduate student at MSU and first author on the study.

The Avon Park Air Force Range contains over 35,000 acres of pine savannah, providing a well-protected band of habitat for threatened animals and a proving ground for complex conservation strategies.

The installation is one of 18 Sentinel Landscapes; protected areas around military installations where the Department of Defense and other federal agencies work with state governments and private stakeholders to meet conservation goals.

Leveraging this rare opportunity, researchers from Archbold Biological Station, in collaboration with the U.S. Fish and Wildlife Service and the U.S. Air Force, introduced fifty-four red cockaded woodpeckers from six donor populations into the range's pine savannahs between 1998 and 2016. Analyses revealed that translocations provided substantial and extended benefits, improving the population's size and overall genetic health.




MSU researchers determined that the introduced birds contributed directly to higher population counts, and that translocated birds and their descendants tended to have higher rates of survival and reproductive success.

The findings indicate that reproductive success is highly associated with total nesting years -- and translocated birds tended to nest for more years than locally hatched ones.

These positive effects persisted into the future along family lines. About 70 percent of the translocated woodpeckers survived in the population after their release, and many formed breeding pairs with local individuals, providing a boost to the genetic diversity of the population.

But complex population dynamics, changes which manifest across decades, and the sheer challenge of gathering high-resolution monitoring data makes gauging the effectiveness of translocation efforts difficult. The detail and length of this study, the authors explain, provide rare insights into the long-term effects of these strategies.

The team hopes that these positive results incentivize land managers to consider the long-term benefits of translocations and continued monitoring.

"It has the potential to act as an important component of managing many imperiled species," Lewanski said.

While the woodpeckers are benefitting from this extensive conservation project, these strategies, and the partnership which support them, have implications for other at-risk species, too.

In the future, Lewanski expects that genetic insights will play a growing role in tracking and evaluating conservation programs. Analysis of genetic material helps detect and minimize inbreeding and create highly detailed pedigrees for populations, reducing the burden of on-site monitoring programs to track bird nesting and reproduction.

Using genetic monitoring tools allows scientists and land managers to be more precise when deciding how and when to use translocations, according to Sarah Fitzpatrick, a professor at Michigan State University and senior author on the study.

Eventually, a combination of genomic analysis and on-site monitoring could provide tailor-made strategies for managers attempting translocations.

This study is the product of a partnership between Michigan State University, Archbold Biological Research Station, the U.S. Air Force, Department of Defense and the U.S. Fish and Wildlife Service.

Funding for managing and monitoring the Avon Park red-cockaded woodpeckers was provided by the DoD, the USAF, and the USFWS. Additional project support was provided by the National Defense Science & Engineering Graduate Fellowship from the Department of Defense and the National Science Foundation.
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Researchers discover key social factors that triple long COVID risk | ScienceDaily
Mass General Brigham investigators led a nationwide study that found that financial hardship, food insecurity, lack of healthcare access, and other social risk factors are linked to higher risks of long COVID.


						
Long COVID includes a wide range of symptoms that present or persist three or more months after SARS-CoV-2 infection. Although in recent years researchers have gained greater insight into the prevalence, symptoms and effects of long COVID through the longitudinal Researching COVID to Enhance Recovery (RECOVER) Initiative, social risk factors for developing long COVID remain incompletely understood. In a new analysis of the RECOVER-Adult cohort, Mass General Brigham researchers found a two- to three-times higher risk of long COVID in those with social risk factors, including financial hardship, food insecurity, experiences of medical discrimination, and skipped medical care due to cost. Findings are published in Annals of Internal Medicine.

"During the pandemic, we saw the overwhelming role that social risk factors played in determining who was infected with COVID-19 and what the severity and mortality from disease was," said lead author Candace Feldman, MD, MPH, ScD, of the Division of Rheumatology, Inflammation and Immunity at Brigham and Women's Hospital (BWH), a founding member of the Mass General Brigham healthcare system. "We wanted to understand whether those risk factors also play a significant role in the longer-term, chronic symptoms that can affect people months and even years after SARS-CoV-2 infection."

In this study, the researchers analyzed 3,700 participants from the RECOVER-Adult cohort, who had a SARS-CoV-2 infection during the Omicron variant outbreak, completed a baseline survey about social and economic factors at the time of infection, and completed a six-month follow-up survey assessing long COVID symptoms. The RECOVER-Adult participants were from 33 states, Washington, D.C., and Puerto Rico, and joined the study between October 2021 and November 2023.

In the baseline survey, the researchers assessed four major individual-level social risk factors: economic instability, education and language access barriers, health care access and quality challenges, and lack of social and community support using a series of questions and previously validated surveys. They also used ZIP code data to study area-level measures of risk, like household crowding.

After adjusting for variables including hospitalization for SARS-CoV-2 infection (as a marker of disease severity), vaccination history, pregnancy status, age, sex, race and ethnicity, the researchers found significant associations between nearly all the individual-level social risk factors studied and increased risk of developing long COVID. Furthermore, a greater number of social risk factors conferred a higher risk of long COVID. Living in areas with more household crowding was also associated with a greater risk of long COVID.

There was a significantly higher burden of social risk factors among racially or ethnically minoritized groups. However, the researchers found that social risk factors appeared to affect white, Black and Hispanic people's risks of long COVID similarly.




Going forward, RECOVER Initiative researchers hope to determine whether these findings extend to children with long COVID and whether certain long COVID symptoms may be linked to specific social risk factors. They also hope to study symptoms of COVID-19 lasting a year or longer to better understand how social factors might contribute to these symptoms' persistence.

"While rates of COVID-19 have decreased, long COVID is a chronic disease that many people still suffer from," said senior author Elizabeth Karlson, MD, MS, of the Division of Rheumatology, Inflammation and Immunity at BWH. "As with other chronic diseases, many different parts of people's social environment influence long COVID risk. Future interventions must address these factors to effectively reduce adverse outcomes among people with high burden of social risk factors."

Authorship: In addition to Feldman and Karlson, Mass General Brigham authors include Leah Santacroce, Ingrid V. Bassett, Tanayott Thaweethai, Yuri Quintana, Bruce D. Levy, and Cheryl R. Clark.

Additional authors include Radica Alicic, Rachel Atchley-Challenner, Alicia Chung, Mark P. Goldberg, Carol R. Horowitz, Karen B. Jacobson, J. Daniel Kelly, Stacey Knight, Karen Lutrick, Praveen Mudumbi, Sairam Parthasarathy, Heather Prendergast, Nasser Sharareh, Judd Shellito, Zaki A. Sherif, Brittany D. Taylor, Emily Taylor, Joel Tsevat, Zanthia Wiley, Natasha J. Williams, Lynn Yee, Lisa Aponte-Soto, Jhony Baissary, Jasmine Berry, Alexander W. Charney, Maged M. Costantine, Alexandria M. Duven, Nathaniel Erdmann, Kacey C. Ernst, Elen M. Feuerriegel, Valerie J. Flaherman, Minjoung Go, Kellie Hawkins, Vanessa Jacoby, Janice John, Sara Kelly, Elijah Kindred, Adeyinka Laiyemo, Emily B. Levitan, Jennifer K. Logue, Jai G. Marathe, Jeffrey N. Martin, Grace A. McComsey, Torri D. Metz, Tony Minor, Aoyjai P. Montgomery, Janet M. Mullington, Igho Ofotukun, Megumi J. Okumura, Michael J. Peluso, Kristen Pogreba-Brown, Hengameh Raissy, Johana M. Rosas, Upinder Singh, Timothy VanWagoner.

Disclosures: Feldman receives grant support to her institution for health equity research and consults for several organizations on unrelated content. Knight receives research funding from Janssen. Alicic, Parthasarathy, Aponte-Soto, Singh, Levitan, and Mullington receive NIH or other research funding or consulting support unrelated to this manuscript.

Funding: This study was funded in part by the National Institutes of Health (OTA OT2HL161841, OTA OT2HL161847, and OTA OT2HL156812).
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Radar that could find life on Europa just nailed its first big test | ScienceDaily
NASA's largest interplanetary probe tested its radar during a Mars flyby. The results include a detailed image and bode well for the mission at Jupiter's moon Europa.


						
As it soared past Mars in March, NASA's Europa Clipper conducted a critical radar test that had been impossible to accomplish on Earth. Now that mission scientists have studied the full stream of data, they can declare success: The radar performed just as expected, bouncing and receiving signals off the region around Mars' equator without a hitch.

Called REASON (Radar for Europa Assessment and Sounding: Ocean to Near-surface), the radar instrument will "see" into Europa's icy shell, which may have pockets of water inside. The radar may even be able to detect the ocean beneath the shell of Jupiter's fourth-largest moon.

"We got everything out of the flyby that we dreamed," said Don Blankenship, principal investigator of the radar instrument, of the University of Texas at Austin. "The goal was to determine the radar's readiness for the Europa mission, and it worked. Every part of the instrument proved itself to do exactly what we intended."

The radar will help scientists understand how the ice may capture materials from the ocean and transfer them to the surface of the moon. Above ground, the instrument will help to study elements of Europa's topography, such as ridges, so scientists can examine how they relate to features that REASON images beneath the surface.

Limits of Earth

Europa Clipper has an unusual radar setup for an interplanetary spacecraft: REASON uses two pairs of slender antennas that jut out from the solar arrays, spanning a distance of about 58 feet (17.6 meters). Those arrays themselves are huge -- from tip to tip, the size of a basketball court -- so they can catch as much light as possible at Europa, which gets about 1/25th the sunlight as Earth.




The instrument team conducted all the testing that was possible prior to the spacecraft's launch from NASA's Kennedy Space Center in Florida on Oct. 14, 2024. During development, engineers at the agency's Jet Propulsion Laboratory in Southern California even took the work outdoors, using open-air towers on a plateau above JPL to stretch out and test engineering models of the instrument's spindly high-frequency and more compact very-high-frequency antennas.

But once the actual flight hardware was built, it needed to be kept sterile and could be tested only in an enclosed area. Engineers used the giant High Bay 1 clean room at JPL, where the spacecraft was assembled, to test the instrument piece by piece. To test the "echo," or the bounceback of REASON's signals, however, they'd have needed a chamber about 250 feet (76 meters) long -- nearly three-quarters the length of a football field.

Enter Mars

The mission's primary goal in flying by Mars on March 1, less than five months after launch, was to use the planet's gravitational pull to reshape the spacecraft's trajectory. But it also presented opportunities to calibrate the spacecraft's infrared camera and perform a dry run of the radar instrument over terrain NASA scientists have been studying for decades.

As Europa Clipper zipped by the volcanic plains of the Red Planet -- starting at 3,100 miles (5,000 kilometers) down to 550 miles (884 kilometers) above the surface -- REASON sent and received radio waves for about 40 minutes. In comparison, at Europa the instrument will operate as close as 16 miles (25 kilometers) from the moon's surface.

All told, engineers were able to collect 60 gigabytes of rich data from the instrument. Almost immediately, they could tell REASON was working well. The flight team scheduled the full dataset to download, starting in mid-May. Scientists relished the opportunity over the next couple of months to examine the information in detail and compare notes.




"The engineers were excited that their test worked so perfectly," said JPL's Trina Ray, Europa Clipper deputy science manager. "All of us who had worked so hard to make this test happen -- and the scientists seeing the data for the first time -- were ecstatic, saying, 'Oh, look at this! Oh, look at that!' Now, the science team is getting a head start on learning how to process the data and understand the instrument's behavior compared to models. They are exercising those muscles just like they will out at Europa."

Europa Clipper's total journey to reach the icy moon will be about 1.8 billion miles (2.9 billion kilometers) and includes one more gravity assist -- using Earth -- in 2026. The spacecraft is currently about 280 million miles (450 million kilometers) from Earth.

More About Europa Clipper

Europa Clipper's three main science objectives are to determine the thickness of the moon's icy shell and its interactions with the ocean below, to investigate its composition, and to characterize its geology. The mission's detailed exploration of Europa will help scientists better understand the astrobiological potential for habitable worlds beyond our planet.

Managed by Caltech in Pasadena, California, NASA's Jet Propulsion Laboratory in Southern California leads the development of the Europa Clipper mission in partnership with the Johns Hopkins Applied Physics Laboratory in Laurel, Maryland, for NASA's Science Mission Directorate in Washington. APL designed the main spacecraft body in collaboration with JPL and NASA's Goddard Space Flight Center in Greenbelt, Maryland, NASA's Marshall Space Flight Center in Huntsville, Alabama, and Langley Research Center in Hampton, Virginia. The Planetary Missions Program Office at NASA Marshall executes program management of the Europa Clipper mission. NASA's Launch Services Program, based at NASA Kennedy, managed the launch service for the Europa Clipper spacecraft. The REASON radar investigation is led by the University of Texas at Austin.
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Lupus often fades with age. Scientists finally know why | ScienceDaily
Lupus is a "classic" autoimmune disease.


						
It causes the immune system's first-line viral defenses -- known as interferons -- to attack the body. Nearly every organ is at risk, leading to conditions like kidney and heart disease.

But unlike many other autoimmune or chronic illnesses, lupus can improve as patients reach their 60s and 70s.

"I see my younger lupus patients in their 20s, 30s, and 40s every few months, monitoring them closely for signs of severe disease, but many of my older patients just once a year to touch base," said Sarah Patterson, MD, assistant professor of medicine in the division of rheumatology at UCSF. "If patients make it through those risky decades, they sometimes see a dramatic improvement."

Now, Patterson and colleagues have published a study in Science Translational Medicine that reveals how this works.

By analyzing blood samples from patients across the age spectrum, the team discovered that aging turns down the activity of certain immune genes in people with lupus, leading to fewer interferons and other inflammatory proteins in the body.

The study found that in healthy adults, inflammation-related genes and proteins rose slowly over the years, a process that has been dubbed "inflammaging." In patients with lupus, however, the expression of these genes and proteins were abnormally high in mid-life but decreased as the decades went by.




"Inflammaging seemed to be reversed in the lupus patients," said Chaz Langelier, MD, PhD, associate professor of medicine at UCSF and senior author of the paper. "But it wasn't fully reversed. The lupus patients still had a greater level of inflammatory signaling compared to healthy adults in older age."

That reversal reflected what Patterson has seen in her patients -- a return to something approaching healthy older age.

Next, the team intends to test whether drugs that block interferons are more or less effective in lupus patients at different ages. They also hope to extend the approach to understand other inflammation-related conditions, such as rheumatoid arthritis, COPD, and atherosclerosis.

Authors: Other UCSF authors are Rithwik Narendra, Hoang Van Phan, Ana Almonte-Loya, Emily C. Lydon, MD, Christina Love, Michiko Shimoda, PhD, Padmini Deosthale, MS, Lenka Maliskova, Walter Eckalbar, PhD, Gabriela K. Fragiadakis, PhD, Jinoos Yazdany, MD, MPH, Maria Dall'Era, MD, Patricia Katz, PhD, Chun Jimmie Ye, PhD, and Marina Sirota, PhD. For a complete author list see the paper.

Funding: This work was funded by the National Institutes of Health (R01 AR069616, K23AT011768, P30 AI027763), the US Centers for Disease Control and Prevention (CDC), and the Chan Zuckerberg Biohub.
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Perfectly timed cancer combo wipes out tumors by supercharging the immune system | ScienceDaily
Head and neck squamous cell carcinomas (HNSCC) are a group of cancers that affect cells in and around our mouth and nose. With 890,000 new cases and 450,000 deaths annually, HNSCC accounts for roughly 4.5% of cancer diagnoses and deaths worldwide. Treatment options for HNSCC are very limited, so nearly half of affected patients with HNSCC die from the disease. Current therapies consist of surgery, radiotherapy and chemotherapy, which can be effective but often have limited success and significant side effects.


						
To meet this unmet medical need, researchers at the University of California San Diego School of Medicine are exploring new approaches to improve the effectiveness of treatments for HNSCC. In a new study of oral cancer, a type of HNSCC, they demonstrate how precisely timing two different treatments can potentially improve treatment outcomes by protecting tumor-draining lymph nodes, which are located close to tumors and have an important role in mediating the immune system's response to the tumor.

The researchers found:
    	In mice with oral cancer, delivering radiation therapy that preserves tumor-draining lymph nodes then later delivering immunotherapy resulted in a complete and durable tumor response, meaning the tumors became undetectable. This happened in 15/20 mice treated with this approach.
    	The two treatments synergized to enhance migration of a specific type of immune cell, called activated CCR7+ dendritic cells, from tumors into lymph nodes. These cells helped trigger a stronger immune response to the tumor. This occurred in all treated mice.

The study's results could have significant implications for the treatment of HNSCC, as well as other cancers that are resistant or unresponsive to current standard treatment approaches. The research also provides valuable biological insight into the role of tumor-draining lymph nodes in cancer biology, which could have further implications for developing new therapies. While it will take further research to fully explore the potential of this timed treatment approach, the findings demonstrate the importance of optimizing the sequence and timing of therapies to maximize their benefit to the patient. The researchers are now conducting clinical trials in collaboration with investigators at Providence Earl Chiles Cancer Center to leverage these strategies to improve outcomes in head and neck cancer patients.

The study, published in Nature Communications, was led by Robert Saddawi-Konefka, M.D., Ph.D.,PGY-8, resident physician and Joseph Califano, M.D., professor and interim chair in the Department of Otolaryngology and Iris and Matthew Strauss Chancellor's Endowed Chair in Head and Neck Surgery at UC San Diego School of Medicine. Califano is also director of the Hanna and Mark Gleiberman Head and Neck Cancer Center at Moore's Cancer Center. The study was supported, in part by a National Cancer Institute funded R01 grant led by. Califano and Andrew Sharabi, M.D., Ph.D., associate professor and Jacobs Chancellor's Endowed Chair in the Department of Radiation Medicine and Applied Sciences at UC San Diego School of Medicine, as well as a member of the Head and Neck Cancer Center at Moores Cancer Center. The authors declare no competing interests.
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Ancient bird droppings reveal a hidden extinction crisis | ScienceDaily
Researchers from the University of Adelaide, New Zealand's Manaaki Whenua-Landcare Research and University of Auckland have discovered that more than 80 per cent of parasites detected in kakapo poo prior to the 1990s are no longer present in contemporary populations.


						
The project used ancient DNA and microscopic techniques to sample faeces dating back more than 1500 years, with nine of 16 original parasite taxa disappearing prior to the 1990s, when the endangered parrot came under full-population management, and an additional four recorded as lost in the period since.

"Despite their sometimes negative portrayal, parasites are increasingly appreciated for their ecological importance," says the University of Adelaide's Dr Jamie Wood, who contributed to the study published in Current Biology.

"Parasites are among the planet's most ubiquitous, successful, and species-rich groups of organisms, and nearly all free-living species harbor some parasites. They may help with immune system development and compete to exclude foreign parasites that may be more harmful to their hosts."

"However, the dependence of parasites on living hosts may make them susceptible to extinction, especially as many parasites live with just one host species."

An extinction of a parasite that occurs in tandem with its host is known as a secondary extinction or a coextinction, and it often happens at a faster rate than for the host animal.

"Predictive models indicate that parasites may go extinct before their hosts during the coextinction process as opportunities to transmit between host individuals diminish," says Dr Wood.




"As a result, faunal declines may have a lasting impact on parasite communities, even if host populations eventually recover.

"Dependent species, like parasites, are rarely preserved or documented prior to their extinction, and so until now we have had few data to indicate the actual scale of the coextinction process.

"Our new research indicates that parasite extinctions may be far more prevalent than previous estimates suggest, with unknown impacts on their hosts and their ecosystems."

Lead author Alexander Boast, from Manaaki Whenua-Landcare Research, was surprised at the degree of parasite loss.

"The level of parasite loss in kakapo was greater than we had expected, and very few parasite species were found in both ancient and modern kakapo populations. Thus, it seems that endangered species everywhere may possess fractions of their original parasite communities," he says.

As we reckon with the impacts of biodiversity loss, Dr Wood says due attention should also be given to parasitic life.

"Global rates of climate change, ecosystem modification, and biodiversity decline continue to rise, which means there is an increasingly urgent need to recognize and understand the downstream impacts on dependent species, such as parasites, mutualists, or predators," he says.

"Documenting parasite extinction, how quickly it can unfold, and estimating the number of presently threatened parasites are key first steps toward a "global parasite conservation plan" and supporting informed predictions for past, present, and future parasite losses."
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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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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.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250803011823.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



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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        The Earth didn't just crack, it curved. "It sent chills down my spine!"
        A surprising discovery emerged from a security camera video taken during Myanmar's recent magnitude 7.7 earthquake. While the footage initially drew attention for showing the dramatic fault movement, scientists soon realized it revealed something never captured before: curved fault slip.

      

      
        Hubble just exposed a rare and violent star collision
        Hubble has helped uncover a white dwarf that's likely the result of two stars crashing together. Carbon traces in its atmosphere tell a story of a cosmic merger, a rare phenomenon previously invisible in ordinary optical light.

      

      
        Scientists create mysterious molecule that could spark life in space
        Scientists have successfully synthesized methanetetrol, an incredibly unstable and previously elusive compound thought to be a key ingredient in the chemical evolution of life. Described as a "prebiotic concentrate" or even a "prebiotic bomb," this molecule could represent a crucial step in the cosmic recipe for life.

      

      
        'Bridge' of stray stars reveals two massive galaxies tearing each other apart
        Astronomers have discovered a ghostly, million-light-year-long bridge of stars connecting two massive galaxies within the Abell 3667 cluster, 700 million light-years away. This glowing thread of intracluster light marks the first optical evidence of a cosmic tug-of-war: a rare, aggressive galactic merger where two entire galaxy clusters are colliding and combining.

      

      
        Baby star fires a jet, then gets blasted by the fallout
        Astronomers have stumbled upon an incredible cosmic chain reaction: a young star launched a high-speed jet that ignited an explosion, creating a massive bubble in space that is now slamming back into the very star system that birthed it. This startling feedback loop, caught for the first time using ALMA data, may reshape what we know about how stars and planets form, and the volatile environments they endure. Nature, it seems, still holds dramatic surprises.

      

      
        DNA from the deep reveals a hidden ocean "superhighway"
        Deep beneath the ocean's surface, a groundbreaking DNA study reveals that the deep sea is far more globally connected than once thought. By analyzing thousands of brittle stars preserved in museum collections, scientists discovered these ancient creatures have silently migrated across the planet's seafloor for millions of years, forming a vast evolutionary network from Iceland to Tasmania.

      

      
        This prehistoric predator survived global warming by eating bones
        A prehistoric predator changed its diet and body size during a major warming event 56 million years ago, revealing how climate change can reshape animal behavior, food chains, and survival strategies.

      

      
        Scientists found the gene that makes Aussie skinks immune to deadly snake venom
        Australian skinks have developed a remarkable genetic defense against venomous snake bites by mutating a key muscle receptor, making them resistant to neurotoxins. These tiny but powerful molecular changes mirror those found in cobra-resistant mammals like mongooses and honey badgers. This evolutionary arms race not only shows how adaptable life can be but also offers exciting possibilities for creating new antivenoms and therapies in human medicine.

      

      
        Can humans regrow eyes? These snails already do
        Apple snails can fully regrow their eyes, and their genes and eye structures are strikingly similar to humans. Scientists mapped the regeneration process and used CRISPR to identify genes, including pax6, as essential to eye development, raising hopes for future human vision restoration.

      

      
        NASA and Japan's XRISM just found sulfur hiding between the stars
        An international team of scientists have provided an unprecedented tally of elemental sulfur spread between the stars using data from the Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) spacecraft.

      

      
        Star survives black hole and comes back for more
        This is the first confirmed case of a star that survived an encounter with a supermassive black hole and came back for more. This discovery upends conventional wisdom about such tidal disruption events and suggests that these spectacular flares may be just the opening act in a longer, more complex story.

      

      
        Scientists just found a massive earthquake threat hiding beneath Yukon
        A long-forgotten fault in Canada's Yukon Territory has just revealed its dangerous potential. Scientists using cutting-edge satellite and drone data discovered that the Tintina fault, previously considered dormant, has produced multiple major earthquakes in the recent geological past and could do so again. These hidden fault lines, now identified near Dawson City, may be capable of triggering devastating quakes over magnitude 7.5, posing a serious threat to communities, infrastructure, and the un...

      

      
        Crushing vs. Slashing: New skull scans reveal how giant dinosaurs killed
        Tyrannosaurus rex might be the most famous meat-eater of all time, but it turns out it wasn't the only way to be a terrifying giant. New research shows that while T. rex evolved a skull designed for bone-crushing bites like a modern crocodile, other massive carnivorous dinosaurs like spinosaurs and allosaurs took a very different route -- specializing in slashing and tearing flesh instead.

      

      
        Scientists just cracked the code to editing entire chromosomes flawlessly
        A group of Chinese scientists has created powerful new tools that allow them to edit large chunks of DNA with incredible accuracy--and without leaving any trace. Using a mix of advanced protein design, AI, and clever genetic tweaks, they've overcome major limitations in older gene editing methods. These tools can flip, remove, or insert massive pieces of genetic code in both plants and animals. To prove it works, they engineered rice that's resistant to herbicides by flipping a huge section of its...

      

      
        Scientists reexamine 47-year-old fossil and discover a new Jurassic sea monster
        A new long-necked marine reptile, Plesionectes longicollum, has been identified from a decades-old fossil found in Germany's Posidonia Shale. The remarkably preserved specimen rewrites part of the Jurassic marine story, revealing unexpected diversity during a time of oceanic chaos. It is now the oldest known plesiosaur from Holzmaden.

      

      
        This star survived its own supernova and shined even brighter
        In a spectacular image captured by the Hubble Space Telescope, the spiral galaxy NGC 1309 glows with cosmic elegance and hides a strange survivor.

      

      
        NASA's most advanced radar ever will track earthquakes, landslides, and ice loss from space
        NASA and ISRO have launched NISAR, a groundbreaking radar satellite that will monitor natural disasters and environmental changes across Earth. It can scan land and ice surfaces every 12 days, offering scientists vital data on earthquakes, floods, melting glaciers, and more.

      

      
        AI cracks a meteorite's secret: A material that defies heat
        A rare mineral from a 1724 meteorite defies the rules of heat flow, acting like both a crystal and a glass. Thanks to AI and quantum physics, researchers uncovered its bizarre ability to maintain constant thermal conductivity, a breakthrough that could revolutionize heat management in technology and industry.

      

      
        Johns Hopkins scientists grow a mini human brain that lights up and connects like the real thing
        Scientists at Johns Hopkins have grown a first-of-its-kind organoid mimicking an entire human brain, complete with rudimentary blood vessels and neural activity. This new "multi-region brain organoid" connects different brain parts, producing electrical signals and simulating early brain development. By watching these mini-brains evolve, researchers hope to uncover how conditions like autism or schizophrenia arise, and even test treatments in ways never before possible with animal models.

      

      
        These butterflies look the same, but DNA uncovered six hidden species
        Glasswing butterflies may all look alike, but behind their transparent wings hides an evolutionary story full of intrigue. Researchers discovered that while these butterflies appear nearly identical to avoid predators, they produce unique pheromones to attract suitable mates from their own species. A massive genetic mapping effort has now revealed six new butterfly species and uncovered a surprisingly high level of chromosomal rearrangement that helps explain why these butterflies evolve so rapid...

      

      
        Woodpeckers thrive where missiles fly. How a bombing range became a wildlife refuge
        In a surprising twist of conservation success, a U.S. Air Force bombing range in Florida has become a sanctuary for endangered species like the red-cockaded woodpecker. Michigan State University researchers used decades of monitoring data to study the impact of moving birds from healthier populations to struggling ones. The outcome? A powerful success story showing that with long-term commitment, strategic partnerships, and smart interventions like controlled burns and translocations, even isolat...

      

      
        Radar that could find life on Europa just nailed its first big test
        NASA's Europa Clipper spacecraft just aced a key radar test while flying past Mars, proving its ability to detect structures beneath planetary surfaces--something that couldn't be tested on Earth. The radar, known as REASON, will eventually be used to explore Europa, an icy moon of Jupiter believed to harbor a subsurface ocean.

      

      
        Ancient bird droppings reveal a hidden extinction crisis
        An intriguing new study reveals that over 80% of parasites found in the ancient poo of New Zealand's endangered kakapo have vanished, even though the bird itself is still hanging on. Researchers discovered this dramatic parasite decline by analyzing droppings dating back 1,500 years, uncovering an unexpected wave of coextinctions that occurred long before recent conservation efforts began. These hidden losses suggest that as we fight to save charismatic species, we may be silently erasing whole c...

      

      
        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.

      

      
        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.
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The Earth didn't just crack, it curved. "It sent chills down my spine!" | ScienceDaily
Dramatic CCTV video of fault slip during a recent large earthquake in Myanmar thrilled both scientists and casual observers when it was posted to YouTube. But it was on his fifth or sixth viewing, said geophysicist Jesse Kearse, that he spotted something even more exciting.


						
When Kearse and his colleague Yoshihiro Kaneko at Kyoto University analyzed the video more carefully, they concluded that it had captured the first direct visual evidence of curved fault slip.

Earthquake geologists often observe curved slickenlines, the scrape marks created by blocks of rock moving past each other during faulting. But until now there has been no visual proof of the curved slip that might create these slickenlines.

The video confirmation of curved fault slip can help researchers create better dynamic models of how faults rupture, Kearse and Kaneko conclude in their paper published in The Seismic Record. (See video below.)

The video comes from a CCTV security camera recording along the trace of Myanmar's Sagaing Fault, which ruptured 28 March in a magnitude 7.7 earthquake. The camera was placed about 20 meters to the east of the fault and was 120 kilometers away from the earthquake's hypocenter.

The resulting video is astonishing. A fault in motion as never seen before -- shaking followed by a visible northward slide of the land on the western side of the fault.

"I saw this on YouTube an hour or two after it was uploaded, and it sent chills down my spine straight away," Kearse recalled. "It shows something that I think every earthquake scientist has been desperate to see, and it was just right there, so very exciting."

Watching it over and over again, he noticed something else.




"Instead of things moving straight across the video screen, they moved along a curved path that has a convexity downwards, which instantly started bells ringing in my head," Kearse said, "because some of my previous research has been specifically on curvature of fault slip, but from the geological record."

Kearse had studied curved slickenlines associated with other earthquakes, such as the 2016 magnitude 7.8 Kaikoura earthquake in New Zealand, and their implications for understanding how faults rupture.

With the Myanmar video, "we set about to quantify the movement a bit more carefully, to extract objective quantitative information from the video rather than just pointing at it to say, look, it's curved," he said.



The researchers decided to track the movement of objects in the video by pixel cross correlation, frame by frame. The analysis helped them measure the rate and direction of fault motion during the earthquake.

They conclude that the fault slipped 2.5 meters for roughly 1.3 seconds, at a peak velocity of about 3.2 meters per second. This shows that the earthquake was pulse-like, which is a major discovery and confirms previous inferences made from seismic waveforms of other earthquakes. In addition, most of the fault motion is strike-slip, with a brief dip-slip component.




The slip curves rapidly at first, as it accelerates to top velocity, then remains linear as the slip slows down, the researchers found.

The pattern fits with what earthquake scientists had previously proposed about slip curvature, that it might occur in part because stresses on the fault near the ground surface are relatively low. "The dynamic stresses of the earthquake as it's approaching and begins to rupture the fault near the ground surface are able to induce an obliquity to the fault movement," said Kearse.

"These transient stresses push the fault off its intended course initially, and then it catches itself and does what it's supposed to do, after that."

The researchers previously concluded that the type of slip curvature -- whether it curves in one direction, or in the other -- is dependent on the direction that the rupture travels, and is consistent with the north to south rupture of the Myanmar earthquake. This means that slickenlines can record the dynamics of past earthquakes, which can be useful for understanding future seismic risks.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250806094127.htm
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Hubble just exposed a rare and violent star collision | ScienceDaily
University of Warwick astronomers have uncovered compelling evidence that a nearby white dwarf is in fact the remnant of two stars merging -- a rare stellar discovery revealed through Hubble Space Telescope ultraviolet observations of carbon in the star's hot atmosphere.


						
White dwarfs are the dense cores left behind when stars exhaust their fuel and collapse. They are Earth-sized stellar embers weighing typically half as much as the Sun, made up of carbon-oxygen cores with surface layers of helium and hydrogen. While white dwarfs are common in the universe, those with exceptionally high mass (weighing more than the Sun) are rare and enigmatic.

In a paper published on August 6 in Nature Astronomy, Warwick astronomers report on their investigations of a known high-mass white dwarf 130 light-years away, called WD 0525+526. With a mass 20% larger than our Sun, WD 0525+526 is considered "ultra-massive," and how this star came to be is not fully understood.

Such a white dwarf could form from the collapse of a massive star. However, ultraviolet data from the Hubble Space Telescope revealed WD 0525+526 to have small amounts of carbon rising from its core into its hydrogen-rich atmosphere -- suggesting this white dwarf did not originate from a single massive star.

"In optical light (the kind of light we see with our eyes), WD 0525+526 looks like a heavy but otherwise ordinary white dwarf," said first author Dr Snehalata Sahu, Research Fellow at the University of Warwick. "However, through ultraviolet observations obtained with Hubble, we were able to detect faint carbon signatures that were not visible to optical telescopes.

"Finding small amounts of carbon in the atmosphere is a telltale sign that this massive white dwarf is likely to be a be the remnant of a merger between two stars colliding. It also tells us there may be many more merger remnants like this masquerading as common pure-hydrogen atmosphere white dwarfs. Only ultraviolet observations would be able to reveal them to us."

Normally, hydrogen and helium form a thick barrier-like envelope around a white dwarf core, keeping elements like carbon hidden. In a merger of two stars, the hydrogen and helium layers can burn off almost completely as the stars combine. The resulting single star has a very thin envelope that no longer prevents carbon from reaching the surface -- this is exactly what is found on WD 0525+526.




Antoine Bedard, Warwick Prize Fellow in the Astronomy and Astrophysics group at Warwick and co-first author said, "We measured the hydrogen and helium layers to be ten-billion times thinner than in typical white dwarfs. We think these layers were stripped away in the merger, and this is what now allows carbon to appear on the surface.

"But this remnant is also unusual: it has about 100,000 times less carbon on its surface compared to other merger remnants. The low carbon level, together with the star's high temperature (nearly four times hotter than the Sun), tells us WD 0525+526 is much earlier in its post-merger evolution than those previously found. This discovery helps us build a better understand the fate of binary star systems, which is critical for related phenomena like supernova explosions."

Adding to the mystery is how carbon reaches the surface at all in this much hotter star. The other merger remnants are later in their evolution and cool enough for convection to bring carbon to the surface. But WD 0525+526 is far too hot for that process. Instead, the team identified a subtler form of mixing called semi-convection, seen here for the first time in a white dwarf. This process allows small amounts of carbon to slowly rise into the star's hydrogen-rich atmosphere.

"Finding clear evidence of mergers in individual white dwarfs is rare," added Professor Boris Gansicke, Department of Physics, University of Warwick, who obtained the Hubble data for this study. "But ultraviolet spectroscopy gives us the ability to detect these signs early, when the carbon is still invisible at optical wavelengths. Because the Earth's atmosphere blocks ultraviolet light, these observations must be carried out from space, and currently only Hubble can do this job.

"Hubble just turned 35 years old, and while still going strong, it is very important that we start planning for a new space telescope that will eventually replace it."

As WD 0525+526 continues to evolve and cool, it is expected that more carbon will emerge at its surface over time. For now, its ultraviolet glow offers a rare glimpse into the earliest stage of a stellar merger's aftermath -- and a new benchmark for how binary stars end their lives.
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Scientists create mysterious molecule that could spark life in space | ScienceDaily
Researchers have for the first time isolated a compound that could open new doors in understanding the chemistry that supports life in space.


						
Ryan Fortenberry, an astrochemist at the University of Mississippi, Ralf Kaiser, professor of chemistry at the University of Hawaii at Manoa, and Alexander M. Mebel, computational chemist at Florida International University, are part of an international team that synthesized methanetetrol for the first time. They published their research on the elusive compound in the journal Nature Communications.

"This is essentially a prebiotic concentrate -- a seed of life molecule," Fortenberry said. "It's something that can lead to more complex chemistry if given the opportunity. Think of it like an acorn that will grow into a tree in the Grove.

"The acorn alone cannot make a tree; it requires sunlight and water and lots of other things. But it can be what starts the process."

Methanetetrol is an ortho acid - an elusive class of compounds that are particularly difficult to isolate and study but are thought to play a key role in early life chemistry.

To mimic how methanetetrol might form in space, the researchers froze water and carbon dioxide ices to near absolute zero and exposed them to cosmic ray-like radiation. This process allowed them to release the molecule into gas form and identify it using powerful ultraviolet light.

"The detection of the only alcohol with four hydroxyl groups at the same carbon atom pushes the experimental and detection capabilities to the 'final frontier,' the next level beyond what could be accomplished before due to the lack of experimental and computational approaches," said Kaiser, whose lab has been trying to isolate methanetetrol for more than five years.




Since methanetetrol has so many oxygen bonds - and because oxygen does not like to bond close to other oxygens - the compound is very unstable, meaning it is likely to break down if it is not kept in the right conditions.

"You have this compact, carbon-oxygen molecule that just really wants to go 'boom,'" Fortenberry said. "And when it does, when you give it any kind of energy, you'll have water, hydrogen peroxide and a number of other potential compounds that are important for life.

"It's a like a prebiotic bomb."

If the molecule can form in the lab, it can also form in space, the authors said. This makes the compound particularly interesting to astrochemists who are looking for potential life-supporting regions.

"While carbon is the building block of life, oxygen is what makes up nearly everything else," Fortenberry said. "Oxygen is everywhere and is essential for life as we know it.

"So, if we can find places where methanetetrol forms naturally, we know that it is a place that has the potential building blocks to support life."

This material is based on work supported by the National Science Foundation grants AST-2403867.
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'Bridge' of stray stars reveals two massive galaxies tearing each other apart | ScienceDaily
Using one of the most detailed sets of observations ever of a galaxy cluster 700 million light-years from Earth, astronomers have captured the faint glow of stray stars in the process of being ripped from their home galaxy and absorbed into another. The 'bridge' of diffuse light -- spanning roughly a million light years between two galaxies in the cluster Abell 3667 -- is the first direct evidence that the two brightest galaxies in the cluster are actively merging.


						
The findings also imply, the researchers say, that Abell 3667 formed from two smaller clusters, which had themselves merged around a billion years ago.

"This is the first time a feature of this scale and size has been found in a local galaxy cluster," said Anthony Englert, a Ph.D. candidate at Brown University and lead author of a study describing the findings. "We knew that it was possible for a bridge like this to form between two galaxies, but it hadn't been documented anywhere before now. It was a huge surprise that we were able to image such a faint feature."

The new images of Abell 3667 were made using the Dark Energy Camera (DECam) mounted on the Victor M. Blanco Telescope at Cerro Tololo Inter-American Observatory in Chile. Englert and two colleagues -- Ian Dell'Antonio, a professor of physics at Brown, and Mireia Montes, a research fellow at the Institute of Space Sciences in Barcelona, Spain -- stitched together a record-breaking 28 hours of observations taken over a span of years by DECam. The findings are published in The Astrophysical Journal. 

"Because Blanco has been imaging with DECam for the past decade, there is a ton of archival data available," Englert said. "It was just a happy coincidence that so many people had imaged Abell 3667 over the years, and we were able to stack all of those observations together."

That extensive observation time is what made it possible to image the dim light of stray stars within the cluster. This type of diffuse light, known as intracluster light or ICL, offers a treasure trove of information about the history of Abell 3667 and the gravitational dance of the galaxies within it.

The ICL imaged by Englert and his colleagues revealed a special type of galactic merger happening in Abell 3667. Normally, Englert says, mergers that involve the largest galaxy in a cluster, called the brightest cluster galaxy or BCG, occur gradually as it steals stars from many smaller galaxies that surround it. But this new research shows something different happening in this case. Abell 3667 is actually made of two galaxy clusters, each with its own BCG, that are now merging together. The ICL bridge discovered by the researchers suggests that the larger BCG is stealing stars from the smaller one -- an event known as a rapid or aggressive merger. As the two BCGs merge, so too do the smaller galaxies that surround them, making Abell 3667 the product of two merging clusters. Data from X-ray and radio frequency observations had suggested a rapid merger in Abell 3667, but this is the first optical evidence to back it up.




The appearance of intracluster light in these new images offers a tantalizing preview of what's to come when the Vera C. Rubin Observatory becomes fully operational later this year or early next. Using a telescope twice the size of Blanco and the largest camera ever built, the Rubin telescope will perform a 10-year scan deep into the entire southern sky, a project called the Legacy Survey of Space and Time.

"Rubin is going to be able to image ICL in much the same way as we did here, but it's going to do it for every single local galaxy cluster in the southern sky," Englert said. "What we did is just a small sliver of what Rubin is going to be able to do. It's really going to blow the study of the ICL wide open."

That will be a scientific bonanza for astronomers and astrophysicists. In addition to revealing the history of galaxy clusters, the ICL holds clues to some of the most fundamental mysteries of the universe, particularly dark matter -- the mysterious, invisible stuff thought to account for most of the universe's mass.

"ICL is quite important for cosmology," Dell'Antonio said. "The distribution of this light should mirror the distribution of dark matter, so it provides an indirect way to 'see' the dark matter."

Seeing the unseeable -- that's a powerful telescope.

The Victor M. Blanco Telescope and the Vera C. Rubin Observatory are operated by NOIRLab, the U.S. national center for ground-based, nighttime optical astronomy operated by the National Science Foundation. The research was funded by NSF (AST-2108287), the U.S. Department of Energy (DE-SC-0010010) and the NASA Rhode Island Space Grant Consortium.

Image Details
    	Jellyfish galaxy JO171
    Similar to the iconic Hoag's Object, JO171 is an example of a ring galaxy, characterized by a completely detached ring of young stars surrounding a central old spheroid. JO171's fall into the dense Abell 3667 galaxy cluster is stripping it of gas, creating the striking jellyfish-like tendrils seen trailing off to one side of the galaxy. Analysis of the galaxy's stellar population and its gas and stellar dynamics shows that the origin of the ring is related to an interaction with another galaxy in the distant past, prior to its accretion onto Abell 3667. More recently, since infall into the cluster, the gas in the ring has been stripped by ram pressure, causing the quenching of star formation in the stripped half of the ring. This is the first observed case of ram-pressure stripping in action in a ring galaxy. Both of the events (accretion and stripping) caused dramatic transformations in this galaxy.
    	Jellyfish galaxy LEDA 64246
    LEDA 64246 is another example of extended galaxy tails formed by ram-pressure stripping. Their blue glow indicates that the stripping has triggered star formation in the trails.
    	Brightest cluster galaxy IC 4965 and infalling group
    The central galaxy in this cutout is referred to as the brightest cluster galaxy (BCG). The formation of BCGs has been an astronomical mystery for decades. The mystery has been partially answered by the detection of intracluster light, which provides evidence that BCGs generally form through the gradual stripping of stars from less massive galaxies in the cluster, which then accrete onto the BCG.
    	NGC 6862
    NGC 6862 is a Seyfert galaxy that is partially obscured by Milky Way cirrus, or integrated flux nebulae.
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Baby star fires a jet, then gets blasted by the fallout | ScienceDaily
Astronomers have observed an explosion in space that is pushing back against and influencing the baby star which triggered the explosion in the first place. If explosions like this one are common around young stars, then the young stars and their planets are exposed to a harsher environment than previously thought.


						
Stars and their associated planetary systems are formed from the gravitational collapse of molecular clouds in space. As a cloud collapses, it retains its angular momentum, causing it to evolve into a spinning structure known as a protoplanetary disk. Stars and planets form within a protoplanetary disk, but not all of the material is incorporated into the new stars and planets. Some of the material is ejected through powerful jets aligned with the rotation axis of the disk. These jets help remove excess angular momentum and matter from the protoplanetary disk.

A team of Japanese astronomers was reanalyzing archival data for protoplanetary disks from the Atacama Large Millimeter/submillimeter Array (ALMA), when they unexpectedly discovered an explosively expanding bubble structure near one of the disks. That disk, known as WSB 52, is located 441.3 light-years away in the direction of the constellation Ophiuchus. Further detailed analysis revealed that a shock front created by the expanding bubble was colliding with the disk and distorting it. Similar expanding bubble structures have been detected around other young stars, but none of them have shown signs of collision between the bubble and the disk. This phenomenon was also not predicted theoretically.

The team found that the center of the bubble aligned with the disk's rotation axis. The chances of a bubble aligning with the axis of the disk by random chance are effectively zero, indicating that this alignment is not random. This led the research team to conclude that a jet aligned with the axis of the disk triggered the expansion of the bubble. According to their explanation, a high-speed jet emitted from WSB 52 hundreds of years ago collided with cold gas near the disk, causing the gas to compress. The increased pressure from the compression caused the gas to explode, which resulted in the formation of the expanding bubble.

Masataka Aizawa at Ibaraki University, who led this research, explains, "In science fiction, there are scenes where a beam is fired at something to destroy it, causing an explosion with debris flying back at the shooter. Similar things occur in real astronomical phenomena, but with greater intensity. Through this discovery, I once again realized that nature is far more complex than humans think. In future research, I hope to further explore the effects of the explosions on the formation of stars and planetary systems."
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DNA from the deep reveals a hidden ocean "superhighway" | ScienceDaily
A world-first study led by Museums Victoria Research Institute has revealed that beneath the cold, dark, pressurized world of the deep sea, marine life is far more globally connected than previously imagined.


						
Published on July 23 in Nature, this landmark study maps the global distribution and evolutionary relationships of brittle stars (Ophiuroidea), the ancient, spiny animals found from shallow coastal waters to the deepest abyssal plains, and from the equator to the poles.

By analyzing the DNA of thousands of specimens collected on hundreds of research voyages and preserved in natural history museums around the world, scientists have uncovered how these deep-sea invertebrates have quietly migrated across entire oceans over millions of years, linking ecosystems from Iceland to Tasmania.

This unprecedented dataset offers powerful new insights into how marine life has evolved and dispersed across the oceans over the past 100 million years.

"You might think of the deep sea as remote and isolated, but for many animals on the seafloor, it's actually a connected superhighway," said Dr Tim O'Hara, Senior Curator of Marine Invertebrates at Museums Victoria Research Institute and lead author of the study.

"Over long timescales, deep-sea species have expanded their ranges by thousands of kilometers. This connectivity is a global phenomenon that's gone unnoticed, until now."

This is the most comprehensive study of its kind, using DNA from 2,699 brittle star specimens housed in 48 natural history museums across the globe. These animals which have lived on Earth for over 480 million years are found on all ocean floors, including at depths of more than 3,500 meters.




Unlike marine life in shallow waters, which is restricted by temperature boundaries, deep-sea environments are more stable and allow species to disperse over vast distances. Many brittle stars produce yolk-rich larvae that can drift on deep ocean currents for extended periods, giving them the ability to colonize far-flung regions.

"These animals don't have fins or wings, but they've still managed to span entire oceans," said Dr O'Hara. "The secret lies in their biology - their larvae can survive for a long time in cold water, hitching a ride on slow-moving deep-sea currents."

The research shows that deep-sea communities, particularly at temperate latitudes, are more closely related across regions than their shallow-water counterparts. For example, marine animals found off southern Australia share close evolutionary links with those in the North Atlantic, on the other side of the planet.

Yet, the deep sea is not uniform. While species can spread widely, factors such as extinction events, environmental change, and geography have created a patchwork of biodiversity across the seafloor.

"It's a paradox. The deep sea is highly connected, but also incredibly fragile," said Dr O'Hara. "Understanding how life is distributed and moves through this vast environment is essential if we want to protect it, especially as threats from deep-sea mining and climate change increase."

This research not only transforms our understanding of deep-sea evolution but also highlights the enduring scientific value of museum collections. The DNA analysed in this study came from specimens collected during 332 research voyages, many undertaken decades ago, and preserved in institutions including Museums Victoria's Research Institute.

"This is science on a global scale," said Lynley Crosswell, CEO and Director of Museums Victoria. "It demonstrates how museums, through international collaboration and the preservation of biodiversity specimens, can unlock new knowledge about our planet's past and help shape its future."

This world-leading project was made possible through partnerships with more than 40 institutions globally, spanning natural history museums, universities and marine research organizations including support via grants of sea time on RV Investigator from Australia's CSIRO Marine National Facility.
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This prehistoric predator survived global warming by eating bones | ScienceDaily
About 56 million years ago, when Earth experienced a dramatic rise in global temperatures, one meat-eating mammal responded in a surprising way: It started eating more bones.


						
That's the conclusion reached by a Rutgers-led team of researchers, whose recent study of fossil teeth from the extinct predator Dissacus praenuntius reveals how animals adapted to a period of extreme climate change known as the Paleocene-Eocene Thermal Maximum (PETM). The findings, published in the journal Palaeogeography, Palaeoclimatology, Palaeoecology, could help scientists predict how today's wildlife might respond to modern global warming.

"What happened during the PETM very much mirrors what's happening today and what will happen in the future," said Andrew Schwartz, a doctoral student in the Department of Anthropology at the School of Arts and Sciences, who led the research. "We're seeing the same patterns. Carbon dioxide levels are rising, temperatures are higher and ecosystems are being disrupted."

Associate Professor Robert Scott of the Department of Anthropology is a co-author of the study.

Schwartz, Scott and another colleague used a technique called dental microwear texture analysis to study the tiny pits and scratches left on fossilized teeth. These marks reveal what kinds of food the animal was chewing in the weeks before it died.

The ancient omnivore was about the size of a jackal or a coyote and likely consumed a mix of meat and other food sources like fruits and insects. "They looked superficially like wolves with oversized heads," Schwartz said, describing them as "super weird mammals." "Their teeth were kind of like hyenas. But they had little tiny hooves on each of their toes."

Before this period of rising temperatures, Dissacus had a diet similar to modern cheetahs, eating mostly tough flesh. But during and after this ancient period, its teeth showed signs of crunching harder materials, such as bones.




"We found that their dental microwear looked more like that of lions and hyenas," Schwartz said. "That suggests they were eating more brittle food, which were probably bones, because their usual prey was smaller or less available."

This dietary shift happened alongside a modest reduction in body size, likely because of food scarcity. While earlier hypotheses blamed shrinking animals on hotter temperatures alone, this latest research suggests that limited food played a bigger role, Schwartz said.

This period of rapid global warming lasted about 200,000 years, but the changes it triggered were fast and dramatic. Schwartz said studies of the past like his can offer practical lessons for today and what comes next.

"One of the best ways to know what's going to happen in the future is to look back at the past," he said. "How did animals change? How did ecosystems respond?"

The findings also highlight the importance of dietary flexibility, he said. Animals that can eat a variety of foods are more likely to survive environmental stress.

"In the short term, it's great to be the best at what you do," Schwartz said. "But in the long term, it's risky. Generalists, meaning animals that are good at a lot of things, are more likely to survive when the environment changes."

Such an insight may be helpful for modern conservation biologists, allowing them to identify which species today may be most vulnerable, he said. Animals with narrow diets, such as pandas, may struggle as their habitats shrink. But adaptable species, including jackals or raccoons, might fare better.




"We already see this happening," Schwartz said. "In my earlier research, jackals in Africa started eating more bones and insects over time, probably because of habitat loss and climate stress."

The study also showed that rapid climate warming as seen during the ancient past can lead to major changes in ecosystems, including shifts in available prey and changes in predator behavior. This may suggest that modern climate change could similarly disrupt food webs and force animals to adapt, or risk extinction, he said.

Even though Dissacus was a successful and adaptable animal that lived for about 15 million years, it eventually went extinct. Scientists think this happened because of changes in the environment and competition from other animals, Schwartz said.

Schwartz conducted his research using a combination of fieldwork and lab analysis, focusing on fossil specimens from the Bighorn Basin in Wyoming, a site with a rich and continuous fossil record spanning millions of years. Schwartz chose the location because it preserves a detailed sequence of environmental and ecological changes during the ancient period of climate warming.

Schwartz has been interested in paleontology, specifically dinosaurs, since he was a boy, journeying with his father, an amateur fossil hunter, on treks through New Jersey's rivers and streams. Now, as a late-stage doctoral student, he hopes to use ancient fossils to answer urgent questions about the future.

He also wants to inspire the next generation of researchers.

"I love sharing this work," he said. "If I see a kid in a museum looking at a dinosaur, I say, 'Hey, I'm a paleontologist. You can do this, too.'"

In addition to Schwartz and Scott, Larisa DeSantis of Vanderbilt University is an author of the study.
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Scientists found the gene that makes Aussie skinks immune to deadly snake venom | ScienceDaily
A University of Queensland-led study has found Australian skinks have evolved molecular armor to stop snake venom from shutting down their muscles.


						
Professor Bryan Fry from UQ's School of the Environment said revealing exactly how skinks dodge death could inform biomedical approaches to treating snakebite in people.

"What we saw in skinks was evolution at its most ingenious," Professor Fry said.

"Australian skinks have evolved tiny changes in a critical muscle receptor, called the nicotinic acetylcholine receptor.

"This receptor is normally the target of neurotoxins which bind to it and block nerve-muscle communication causing rapid paralysis and death.

"But in a stunning example of a natural counterpunch, we found that on 25 occasions skinks independently developed mutations at that binding site to block venom from attaching.

"It's a testament to the massive evolutionary pressure than venomous snakes exerted after their arrival and spread across the Australian continent, when they would have feasted on the defenseless lizards of the day.




"Incredibly, the same mutations evolved in other animals like mongooses which feed on cobras.

"We confirmed with our functional testing that Australia's Major Skink (Bellatorias frerei) has evolved exactly the same resistance mutation that gives the honey badger it's famous resistance to cobra venom.

"To see this same type of resistance evolve in a lizard and a mammal is quite remarkable - evolution keeps hitting the same molecular bullseye."

The muscle receptor mutations in the skinks included a mechanism to add sugar molecules to physically block toxins and the substitution of a protein building block (amino acid arginine at position 187).

The laboratory work validating the mutations was carried out at UQ's Adaptive Biotoxicology Laboratory by Dr Uthpala Chandrasekara who said it was incredible to witness.

"We used synthetic peptides and receptor models to mimic what happens when venom enters an animal at the molecular level and the data was crystal clear, some of the modified receptors simply didn't respond at all," said Dr Chandrasekara.




"It's fascinating to think that one tiny change in a protein can mean the difference between life and death when facing a highly venomous predator."

The findings could one day inform the development of novel antivenoms or therapeutic agents to counter neurotoxic venoms.

"Understanding how nature neutralizes venom can offer clues for biomedical innovation," Dr Chandrasekara said.

"The more we learn about how venom resistance works in nature, the more tools we have for the design of novel antivenoms."

The project included collaborations with museums across Australia.

The research has been published in International Journal of Molecular Sciences.
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Can humans regrow eyes? These snails already do | ScienceDaily
Human eyes are complex and irreparable, yet they are structurally like those of the freshwater apple snail, which can completely regenerate its eyes. Alice Accorsi, assistant professor of molecular and cellular biology at the University of California, Davis, studies how these snails regrow their eyes -- with the goal of eventually helping to restore vision in people with eye injuries.


						
In a new study published August 6 in Nature Communications, Accorsi shows that apple snail and human eyes share many anatomical and genetic features.

"Apple snails are an extraordinary organism," said Accorsi. "They provide a unique opportunity to study regeneration of complex sensory organs. Before this, we were missing a system for studying full eye regeneration."

Her team also developed methods for editing the apple snail's genome, which will allow them to explore the genetic and molecular mechanisms behind eye regeneration.

A not-so-snail's paced snail

The golden apple snail (Pomacea canaliculata) is a freshwater snail speciesfrom South America. It's now invasive in many places throughout the rest of the world, but Accorsi said the same traits that make apple snails so invasive also make them a good animal to work with in the lab.

"Apple snails are resilient, their generation time is very short, and they have a lot of babies," she said.




In addition to being easy to grow in the lab, apple snails have "camera-type" eyes -- the same type as humans.

Snails have been known for their regenerative abilities for centuries -- in 1766, a researcher noted that decapitated garden snails can regrow their entire heads. However, Accorsi is the first to leverage this feature in regenerative research.

"When I started reading about this, I was asking myself, why isn't anybody already using snails to study regeneration?" said Accorsi. "I think it's because we just hadn't found the perfect snail to study, until now. A lot of other snails are difficult or very slow to breed in the lab, and many species also go through metamorphosis, which presents an extra challenge."

Eyes like a camera

There are many types of eyes in the animal kingdom, but camera-types eyes are known for producing particularly high-resolution images. They consist of a protective cornea, a lens for focusing light and a retina that contains millions of light-detecting photoreceptor cells. They are found in all vertebrates, some spiders, squid and octopi, and some snails.

Using a combination of dissections, microscopy and genomic analysis, Accorsi's team showed that the apple snail's eyes are anatomically and genetically similar to human eyes.




"We did a lot of work to show that many genes that participate in human eye development are also present in the snail," Accorsi said. "After regeneration, the morphology and gene expression of the new eye is pretty much identical to the original one."

How to regrow an eye

So, how do the snails regrow their eyes after amputation? The researchers showed that the process takes about a month and consists of several phases. First, the wound must heal to prevent infection and fluid loss, which usually takes around 24 hours. Then, unspecialized cells migrate and proliferate in the area. Over the course of about a week and a half, these cells specialize and begin to form eye structures including the lens and retina. By day 15 post-amputation, all of the eye's structures are present, including the optic nerve, but these structures continue to mature and grow for several more weeks.

"We still don't have conclusive evidence that they can see images, but anatomically, they have all the components that are needed to form an image," said Accorsi. "It would be very interesting to develop a behavioral assay to show that the snails can process stimuli using their new eyes in the same way as they were doing with their original eyes. That's something we're working on."

The team also investigated which genes were active during the regeneration process. They showed that immediately after amputation, the snails had about 9,000 genes that were expressed at different rates compared to normal adult snail eyes. After 28 days, 1,175 genes were still expressed differently in the regenerated eye, which suggests that although the eyes look fully developed after a month, complete maturation might take longer.

Genes for regeneration

To better understand how genes regulate regeneration, Accorsi developed methods to edit the snails' genome using CRISPR-Cas9.

"The idea is that we mutate specific genes and then see what effect it has on the animal, which can help us understand the function of different parts of the genome," said Accorsi.

As a first test, the team used CRISPR/Cas9 to mutate a gene called pax6 in snail embryos. Pax6 is known to control the development and organization of brain and eye in humans, mice and fruit flies. Like humans, snails have two copies of each gene - one from each parent. The researchers showed that when apple snails have two non-functional versions of pax6, they develop without eyes, which shows that pax6 is also essential for initial eye development in apple snails.

Accorsi is working on the next step: testing whether pax6 also plays a role in eye regeneration. To determine this, researchers will need to mutate or turn off pax6 in adult snails and then test their regenerative ability.

She is also investigating other eye-related genes, including genes that encode specific parts of the eye, like the lens or retina, and genes that control pax6.

"If we find a set of genes that are important for eye regeneration, and these genes are also present in vertebrates, in theory we could activate them to enable eye regeneration in humans," said Accorsi.

Additional authors on the study are Asmita Gattamraju of UC Davis, and Brenda Pardo, Eric Ross, Timothy J. Corbin, Melainia McClain, Kyle Weaver, Kym Delventhal, Jason A. Morrison, Mary Cathleen McKinney, Sean A. McKinney and Alejandro Sanchez Alvarado of the Stowers Institute for Medical Research. Accorsi performed most of the research for this study at Stowers Institute for Medical Research, where she worked as a postdoctoral fellow before joining UC Davis in 2024.

The study was funded by the Howard Hughes Medical Institute, the Society for Developmental Biology, the American Association for Anatomy and the Stowers Institute for Medical Research.
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NASA and Japan's XRISM just found sulfur hiding between the stars | ScienceDaily
An international team of scientists have provided an unprecedented tally of elemental sulfur spread between the stars using data from the Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) spacecraft.


						
Astronomers used X-rays from two binary star systems to detect sulfur in the interstellar medium, the gas and dust found in the space between stars. It's the first direct measurement of both sulfur's gas and solid phases, a unique capability of X-ray spectroscopy, XRISM's (pronounced "crism") primary method of studying the cosmos.

"Sulfur is important for how cells function in our bodies here on Earth, but we still have a lot of questions about where it's found out in the universe," said Lia Corrales, an assistant professor of astronomy at the University of Michigan in Ann Arbor. "Sulfur can easily change from a gas to a solid and back again. The XRISM spacecraft provides the resolution and sensitivity we need to find it in both forms and learn more about where it might be hiding."

A paper about these results, led by Corrales, published June 27 in the Publications of the Astronomical Society of Japan. 

Using ultraviolet light, researchers have found gaseous sulfur in the space between stars. In denser parts of the interstellar medium, such as the molecular clouds where stars and planets are born, this form of sulfur quickly disappears.

Scientists assume the sulfur condenses into a solid, either by combining with ice or mixing with other elements.

When a doctor performs an X-ray here on Earth, they place the patient between an X-ray source and a detector. Bone and tissue absorb different amounts of the light as it travels through the patient's body, creating contrast in the detector.




To study sulfur, Corrales and her team did something similar.

They picked a portion of the interstellar medium with the right density -- not so thin that all the X-rays would pass through unchanged, but also not so dense that they would all be absorbed.

Then the team selected a bright X-ray source behind that section of the medium, a binary star system called GX 340+0 located over 35,000 light-years away in the southern constellation Scorpius.

Using the Resolve instrument on XRISM, the scientists were able to measure the energy of GX 340+0's X-rays and determined that sulfur was present not only as a gas, but also as a solid, possibly mixed with iron.

"Chemistry in environments like the interstellar medium is very different from anything we can do on Earth, but we modeled sulfur combined with iron, and it seems to match what we're seeing with XRISM," said co-author Elisa Costantini, a senior astronomer at the Space Research Organization Netherlands and the University of Amsterdam. "Our lab has created models for different elements to compare with astronomical data for years. The campaign is ongoing, and soon we'll have new sulfur measurements to compare with the XRISM data to learn even more."

Iron-sulfur compounds are often found in meteorites, so scientists have long thought they might be one way sulfur solidifies out of molecular clouds to travel through the universe.




In their paper, Corrales and her team propose a few compounds that would match XRISM's observations -- pyrrhotite, troilite, and pyrite, which is sometimes called fool's gold.

The researchers were also able to use measurements from a second X-ray binary called 4U 1630-472 that helped confirm their findings.

"NASA's Chandra X-ray Observatory has previously studied sulfur, but XRISM's measurements are the most detailed yet," said Brian Williams, the XRISM project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "Since GX 340+0 is on the other side of the galaxy from us, XRISM's X-ray observations are a unique probe of sulfur in a large section of the Milky Way. There's still so much to learn about the galaxy we call home."

XRISM is led by JAXA (Japan Aerospace Exploration Agency) in collaboration with NASA, along with contributions from ESA (European Space Agency). NASA and JAXA developed Resolve, the mission's microcalorimeter spectrometer.
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Star survives black hole and comes back for more | ScienceDaily
Lightning might not strike twice, but black holes apparently do. An international group of researchers led by Tel Aviv University astronomers observed a flare caused when a star falls onto a black hole and is destroyed. Surprisingly, this flare occurred about two years after a nearly identical flare named AT 2022dbl, from the exact same location. This is the first confirmed case of a star that survived an encounter with a supermassive black hole and came back for more. This discovery upends conventional wisdom about such tidal disruption events and suggests that these spectacular flares may be just the opening act in a longer, more complex story.


						
The study was led by Dr. Lydia Makrygianni (a former postdoc at Tel Aviv University and currently a researcher at Lancaster University in the UK) under the supervision of Prof. Iair Arcavi, a member of the Astrophysics Department at Tel Aviv University, and Director of the Wise Observatory in Mizpe Ramon. Prof. Ehud Nakar, Chair of the Astrophysics Department, and students Sara Faris and Yael Dgany from Arcavi's research group also took part in the research, alongside many international collaborators. The results are published in a July issue of the Astrophysical Journal Letters.

The researchers explain that at the center of every large galaxy lies a black hole that is millions to billions of times the mass of the sun. Such a supermassive black hole exists also in our own Milky Way Galaxy, its discovery was awarded the 2020 Nobel Prize in physics. But beyond knowing they're there, it's not well understood how such monsters form, nor how they affect their host galaxies. One of the main challenges in understanding these black holes is that they are, well, black. A black hole is a region of space where gravity is so strong that not even light can escape. The supermassive black hole in the center of the Milky Way was discovered thanks to the movement of stars in its vicinity. But in other, more distant, galaxies, such movement cannot be discerned.

Luckily, or unluckily, depending on your point of view, once every 10,000 to 100,000 years, a star will wander too close to the supermassive black hole in the center of its galaxy, resulting in it getting ripped to shreds. Half of the star will be "swallowed" by the black hole, and half thrown outward. When material falls onto a black hole, it does so in a circular fashion, much like water going down the bathtub drain. Around black holes, however, the velocity of the rotating material approaches the speed of light, the material is heated and radiates brilliantly. Such an unlucky star thus "illuminates" the black hole for a few weeks to months, providing astronomers with a brief opportunity to study its properties.

Strangely, though, these flares have not been behaving as expected. Their brilliance and temperature were much lower than predicted. After about a decade of trying to understand why, AT 2022dbl may have provided the answer. The repetition of the first flare in an almost identical manner two years later implies that at least the first flare was the result of the partial disruption of the star, with much of it surviving and coming back for a (nearly identical) additional passage. These flares are thus more of a "snack" by the supermassive black hole than a "meal."

"The question now is whether we'll see a third flare after two more years, in early 2026" says Prof. Arcavi. "If we see a third flare," continues Arcavi, "it means that the second one was also the partial disruption of the star. So maybe all such flares, which we have been trying to understand for a decade now as full stellar disruptions, are not what we thought." If a third flare does not occur, then the second flare could have been the full disruption of the star. The implication is that partial and full disruptions look almost identical, a prediction made before this discovery by the research group of Prof. Tsvi Piran at the Hebrew University. "Either way," adds Arcavi, "we'll have to re-write our interpretation of these flares and what they can teach us about the monsters lying in the centers of galaxies."
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Scientists just found a massive earthquake threat hiding beneath Yukon | ScienceDaily
New research led by the University of Victoria (UVic) has illuminated a significant and previously unrecognized source of seismic hazard for the Yukon Territory of northwestern Canada.


						
The Tintina fault is a major geologic fault approximately 1,000 km long that trends northwestward across the entire territory. It has slipped laterally a total of 450 km in its lifetime but was previously believed to have been inactive for at least 40 million years. However, using new high-resolution topographic data collected from satellites, airplanes and drones, researchers have identified a 130-km-long segment of the fault near Dawson City where there is evidence of numerous large earthquakes in the much more recent geologic past (the Quaternary Period, 2.6 million years to present), indicating possible future earthquakes.

"Over the past couple of decades there have been a few small earthquakes of magnitude 3 to 4 detected along the Tintina fault, but nothing to suggest it is capable of large ruptures," says Theron Finley, recent UVic PhD graduate and lead author of the recent article in Geophysical Research Letters. "The expanding availability of high-resolution data prompted us to re-examine the fault, looking for evidence of prehistoric earthquakes in the landscape."

Currently, the understanding of earthquake rates and seismic hazard in much of Canada is based on a catalogue of earthquakes from oral Indigenous accounts, written historical records and modern seismic monitoring networks. Collectively, these records only cover the last couple hundred years. However, for many active faults, thousands of years can elapse between large ruptures.

When earthquakes are large and/or shallow, they often rupture the Earth's surface and produce a linear feature in the landscape known as a fault scarp. These features, which can persist in the landscape for thousands of years, are typically tens to hundreds of kilometers long, but only a few metres wide and tall. They are difficult to detect in heavily forested regions like Canada, and require extremely high-resolution topographic data to identify.

The team, consisting of researchers from UVic, the Geological Survey of Canada and University of Alberta, used high resolution topographic data from the ArcticDEM dataset from satellite images, as well as from light detection and ranging (lidar) surveys conducted with airplanes and drones. They identified a series of fault scarps passing within 20 km of Dawson City.

Crucially, they observed that glacial landforms 2.6 million years in age are laterally offset across the fault scarp by 1000 m. Others, 132,000 years old, are laterally offset by 75 m. These findings confirm that the fault has slipped in multiple earthquakes throughout the Quaternary period, likely slipping several meters in each event. What's more, landforms known to be 12,000 years old are not offset by the fault, indicating no large ruptures have occurred since that time. The fault continues to accumulate strain at an average rate of 0.2 to 0.8 millimetres per year, and therefore poses a future earthquake threat.




"We determined that future earthquakes on the Tintina fault could exceed magnitude 7.5," says Finley. "Based on the data, we think that the fault may be at a relatively late stage of a seismic cycle, having accrued a slip deficit, or build-up of strain, of six meters in the last 12,000 years. If this were to be released, it would cause a significant earthquake."

An earthquake of magnitude 7.5 or greater would cause severe shaking in Dawson City and could pose a threat to nearby highways and mining infrastructure. Compounding the hazard from seismic shaking, the region is prone to landslides, which could be seismically triggered. The Moosehide landslide immediately north of Dawson City and the newly discovered Sunnydale landslide directly across the Yukon River both show ongoing signs of instability.

Canada's National Seismic Hazard Model (NSHM) includes the potential for large earthquakes in central Yukon Territory, but the Tintina fault is not currently recognized as a discrete seismogenic fault source. The recent findings by this team will ultimately be integrated into the NSHM, which informs seismic building codes and other engineering standards that protect human lives and critical infrastructure. The findings will also be shared with local governments and emergency managers to improve earthquake readiness in their communities.

This research occurred on the territory of the Tr'ondek Hwech'in and Na-Cho Nyak Dun First Nations 
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Crushing vs. Slashing: New skull scans reveal how giant dinosaurs killed | ScienceDaily
A new analysis of the bite strength of 18 species of carnivorous dinosaurs shows that while the Tyrannasaurus rex skull was optimized for quick, strong bites like a crocodile, other giant, predatory dinosaurs that walked on two legs -- including spinosaurs and allosaurs -- had much weaker bites and instead specialized in slashing and ripping flesh. Reported in the Cell Press journal Current Biology on August 4, these findings demonstrate that meat-eating dinosaurs followed different evolutionary paths in terms of skull design and feeding style despite their similarly gigantic sizes.


						
"Carnivorous dinosaurs took very different paths as they evolved into giants in terms of feeding biomechanics and possible behaviors," said Andrew Rowe of the University of Bristol, UK.

"Tyrannosaurs evolved skulls built for strength and crushing bites, while other lineages had comparatively weaker but more specialized skulls, suggesting a diversity of feeding strategies even at massive sizes. In other words, there wasn't one 'best' skull design for being a predatory giant; several designs functioned perfectly well."

Rowe has always been fascinated by big carnivorous dinosaurs, and he considers them interesting subjects for exploring basic questions in organismal biology. In this study, he and co-author Emily Rayfield wanted to know how bipedalism -- or walking on two legs -- influenced skull biomechanics and feeding techniques.

It was previously known that despite reaching similar sizes, predatory dinosaurs evolved in very different parts of the world at different times and had very different skull shapes. For Rowe and Rayfield, those facts raised questions about whether their skulls were functionally similar under the surface or if there were notable differences in their predatory lifestyles. As there are no massive, bipedal carnivores alive today -- ever since the end-Cretaceous mass extinction event -- the authors note that studying these animals offers intriguing insights into a way of life which has since disappeared.

To examine the relationship between body size and skull biomechanics, the authors used 3D technologies including CT scans and surface scans analyze the skull mechanics, quantify the feeding performance, and measure the bite strength across 18 species of therapod, a group of carnivorous dinosaurs ranging from small to giant. While they expected some differences between species, they were surprised when their analyses showed clear biomechanical divergence.

"Tyrannosaurids like T. rex had skulls that were optimized for high bite forces at the cost of higher skull stress," Rowe says. "But in some other giants, like Giganotosaurus, we calculated stress patterns suggesting a relatively lighter bite. It drove home how evolution can produce multiple 'solutions' to life as a large, carnivorous biped."

Skull stress didn't show a pattern of increase with size. Some smaller therapods experienced greater stress than some larger species due to increased muscle volume and bite forces. The findings show that being a predatory biped didn't always equate to being a bone-crushing giant. Unlike T. rex, some dinosaurs, including the spinosaurs and allosaurs, became giants while maintaining weaker bites more suited for slashing at prey and stripping flesh.

"I tend to compare Allosaurus to a modern Komodo dragon in terms of feeding style," Rowe says. "Large tyrannosaur skulls were instead optimized like modern crocodiles with high bite forces that crushed prey. This biomechanical diversity suggests that dinosaur ecosystems supported a wider range of giant carnivore ecologies than we often assume, with less competition and more specialization."

This research was supported by funding from the Biotechnology and Biological Sciences Research Council.
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Scientists just cracked the code to editing entire chromosomes flawlessly | ScienceDaily
A team of Chinese researchers led by Prof. GAO Caixia from the Institute of Genetics and Developmental Biology of the Chinese Academy of Sciences has developed two new genome editing technologies, known collectively as Programmable Chromosome Engineering (PCE) systems.


						
The study, published online in Cell on August 4, achieves multiple types of precise DNA manipulations ranging from kilobase to megabase scale in higher organisms, especially plants.

Extensive research has demonstrated the immense potential of the site-specific recombinase Cre-Lox system for precise chromosomal manipulation. However, its broader application has been hindered by three critical limitations:
    	Reversible recombination reactions -- stemming from the inherent symmetry of Lox sites -- can negate desired edits.
    	The tetrameric nature of Cre recombinase complicates engineering efforts, hindering activity optimization.
    	Residual Lox sites after recombination may compromise editing precision.

The research team addressed each of these challenges and developed novel methods to advance the state of this technology. First, they built a high-throughput platform for rapid recombination site modification and proposed an asymmetric Lox site design. This led to the development of novel Lox variants that reduce reversible recombination activity by over 10-fold (approaching the background level of negative controls) while retaining high-efficiency forward recombination.

They then leveraged their recently developed AiCE (AI-informed Constraints for protein Engineering), model -- a protein-directed evolution system integrating general inverse folding models with structural and evolutionary constraints -- to develop AiCErec, a recombinase engineering method. This approach enabled precise optimization of Cre's multimerization interface, yielding an engineered variant with a recombination efficiency 3.5 times that of wild-type Cre.

Lastly, they designed and refined a scarless editing strategy for recombinases. By harnessing the high editing efficiency of prime editors, they developed Re-pegRNA, a method that uses specifically designed pegRNAs to perform re-prime editing on residual Lox sites, precisely replacing them with the original genomic sequence, thereby ensuring seamless genome modifications.

The integration of these three innovations led to the creation of two programmable platforms, PCE and RePCE. These platforms allow flexible programming of insertion positions and orientations for different Lox sites, enabling precise, scarless manipulation of DNA fragments ranging from kilobase to megabase scale in both plant and animal cells. Key achievements include: targeted integration of large DNA fragments up to 18.8 kb, complete replacement of 5-kb DNA sequences, chromosomal inversions spanning 12 Mb, chromosomal deletions of 4 Mb, and whole-chromosome translocations.

As a proof of concept, the researchers used this technology to create herbicide-resistant rice germplasm with a 315-kb precise inversion, showcasing its transformative potential for genetic engineering and crop improvement.

This pioneering work not only overcomes the historical limitations of the Cre-Lox system but also opens new avenues for precise genome engineering in a variety of organisms.
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Scientists reexamine 47-year-old fossil and discover a new Jurassic sea monster | ScienceDaily
Paleontologists have identified a new species of ancient marine reptile from Germany's world-renowned Posidonia Shale fossil beds, expanding our understanding of prehistoric ocean ecosystems that existed nearly 183 million years ago.


						
The newly classified species, named Plesionectes longicollum ("long-necked near-swimmer"), represents a previously unknown type of plesiosauroid -- the group of long-necked marine reptiles that inhabited Earth's oceans during the age of dinosaurs. The specimen is a nearly complete skeleton that even preserves remnants of fossilized soft tissue. It was originally excavated in 1978 from a quarry in Holzmaden, Southwest Germany, but its unique anatomical features have only now been fully recognized through comprehensive scientific analysis.

"This specimen has been in collections for decades, but previous studies never fully explored its distinctive anatomy," said Sven Sachs of the Naturkunde-Museum Bielefeld, the study's lead author. "Our detailed examination revealed an unusual combination of skeletal features that clearly distinguish it from all previously known plesiosaurs."

The research, published by Sven Sachs and co-author Dr. Daniel Madzia from the Polish Academy of Sciences, demonstrates that the Posidonia Shale -- already famous for its exceptionally preserved fossils -- contained even greater marine reptile diversity than previously recognized.

The Plesionectes specimen is particularly significant as it represents the oldest known plesiosaur from the Holzmaden area. Despite being an immature individual, its distinctive anatomical characteristics were not significantly affected by its developmental stage, warranting classification as an entirely new genus and species.

"This discovery adds another piece to the puzzle of marine ecosystem evolution during a critical time in Earth's history," explained Dr. Madzia. "The early Toarcian period when this animal lived was marked by significant environmental changes, including a major oceanic anoxic event that affected marine life worldwide."

The fossil is permanently housed at the Staatliches Museum fur Naturkunde Stuttgart (Stuttgart State Museum of Natural History) where it is cataloged as specimen SMNS 51945.

The Posidonia Shale at Holzmaden has previously yielded five other plesiosaur species, including representatives from all three major plesiosaur lineages. This new addition further cements the formation's status as one of the world's most important windows into Jurassic marine life.
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This star survived its own supernova and shined even brighter | ScienceDaily
Rich with detail, the spiral galaxy NGC 1309 shines in this NASA/ESA Hubble Space Telescope Picture of the Week. NGC 1309 is situated about 100 million light-years away in the constellation Eridanus.


						
This stunning Hubble image encompasses NGC 1309's bluish stars, dark brown gas clouds and pearly white centre, as well as hundreds of distant background galaxies. Nearly every smudge, streak and blob of light in this image is an individual galaxy. The only exception to the extragalactic ensemble is a star, which can be identified near the top of the frame by its diffraction spikes. It is positively neighborly, just a few thousand light-years away in the Milky Way galaxy.

Hubble has turned its attention toward NGC 1309 several times; previous Hubble images of this galaxy were released in 2006 and 2014. Much of NGC 1309's scientific interest derives from two supernovae, SN 2002fk in 2002 and SN 2012Z in 2012. SN 2002fk was a perfect example of a Type Ia supernova, which happens when the core of a dead star (a white dwarf) explodes.

SN 2012Z, on the other hand, was a bit of a renegade. It was classified as a Type Iax supernova: while its spectrum resembled that of a Type Ia supernova, the explosion wasn't as bright as expected. Hubble observations showed that in this case, the supernova did not destroy the white dwarf completely, leaving behind a 'zombie star' that shone even brighter than it did before the explosion. Hubble observations of NGC 1309 taken across several years also made this the first time the white dwarf progenitor of a supernova has been identified in images taken before the explosion.
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NASA's most advanced radar ever will track earthquakes, landslides, and ice loss from space | ScienceDaily
Following a successful launch on July 30, the NISAR satellite will orbit Earth for at least three years, using its sophisticated radar systems to scan nearly all the planet's land and ice surfaces twice every 12 days. NASA and the Indian Space Research Organisation (ISRO) will jointly operate the spacecraft and gather science of high priority to both the United States and India.


						
Short for NASA-ISRO Synthetic Aperture Radar, NISAR will help scientists better understand processes involved in natural hazards and catastrophic events, such as earthquakes, volcanic eruptions, and landslides. In addition, it will support monitoring of infrastructure, such as dams, bridges, and roadways. What's more, the satellite's cloud-penetrating ability will help urgent-response communities during weather disasters such as hurricanes, storm surges, and floods. And NISAR will provide key global Earth observations, such as changes in ice sheets, glaciers, and sea ice, as well as improve understanding of how deforestation, permafrost loss, and fires affect the carbon cycle.

Along with providing an unprecedented amount of data, the mission breaks new ground with its collaboration between teams of scientists and engineers separated by more than 9,000 miles and 13 time zones.

The first-ever hardware collaboration between NASA and ISRO on an Earth-observing mission, NISAR will carry the most advanced radar system ever launched as part of a NASA or ISRO mission.

About the length of a pickup truck, the satellite's main body contains engineering systems and a first-of-its-kind dual-radar payload -- an L-band system with a 10-inch (25-centimeter) wavelength and an S-band system with a 4-inch (10-centimeter) wavelength. Each system's signal is sensitive to different sizes of features on Earth's surface, and each specializes in measuring different attributes, such as moisture content, surface roughness, and motion. These characteristics are important for studying a variety of natural surface conditions, such as the amount of soil moisture available for vegetation to thrive or if land has subsided over time.

When operating together, the satellite's two radars will collect data synchronized in time and location, extending the sensitivity of the measurements to objects on the surface in a broad range of sizes. For example, S-band data will allow more accurate characterization of shorter plants, such as bushes and shrubs, while L-band data will sense taller vegetation, like trees.

The spacecraft will operate in a Sun-synchronous orbit, with its radar antennas pointed in a configuration that will also offer unprecedented coverage of Antarctica. This is crucial for studying the motion, deformation, and melting of the Antarctic ice sheet as it breaks up and deposits fresh water into the ocean.
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AI cracks a meteorite's secret: A material that defies heat | ScienceDaily
Crystals and glasses have opposite heat-conduction properties, which play a pivotal role in a variety of technologies. These range from the miniaturization and efficiency of electronic devices to waste-heat recovery systems, as well as the lifespan of thermal shields for aerospace applications.


						
The problem of optimizing the performance and durability of materials used in these different applications essentially boils down to fundamentally understanding how their chemical composition and atomic structure (e.g., crystalline, glassy, nanostructured) determine their capability to conduct heat. Michele Simoncelli, assistant professor of applied physics and applied mathematics at Columbia Engineering, tackles this problem from first principles -- i.e., in Aristotle's words, in terms of "the first basis from which a thing is known" -- starting from the fundamental equations of quantum mechanics and leveraging machine-learning techniques to solve them with quantitative accuracy.

In research published on July 11 in the Proceedings of the National Academy of Sciences, Simoncelli and his collaborators Nicola Marzari from the Swiss Federal Technology Institute of Lausanne and Francesco Mauri from Sapienza University of Rome predicted the existence of a material with hybrid crystal-glass thermal properties, and a team of experimentalists led by Etienne Balan, Daniele Fournier, and Massimiliano Marangolo from the Sorbonne University in Paris confirmed it with measurements.

The first of its kind, this material was discovered in meteorites and has also been identified on Mars. The fundamental physics driving this behavior could advance our understanding and design of materials that manage heat under extreme temperature differences -- and, more broadly, provide insight into the thermal history of planets.

A unified theory of thermal transport in atomically ordered crystals and disordered glasses

Thermal conduction depends on whether a material is crystalline, with an ordered lattice of atoms, or glassy, with a disordered, amorphous structure, which influences how heat flows at the quantum level-broadly speaking, thermal conduction in crystals typically decreases with increasing temperature, while in glasses it increases upon heating.

In 2019, Simoncelli, Nicola Marzari, and Francesco Mauri derived a single equation that captures the opposite thermal-conductivity trends observed in crystals and glasses -- and, most importantly, also describes the intermediate behavior of defective or partially disordered materials, such as those used in thermoelectrics for waste-heat recovery, perovskite solar cells, and thermal barrier coatings for heat shields.




Using this equation, they investigated the relationship between atomic structure and thermal conductivity in materials made from silicon dioxide, one of the main components of sand. They predicted that a particular "tridymite" form of silicon dioxide, described in the 1960s as typical of meteorites, would exhibit the hallmarks of a hybrid crystal-glass material with a thermal conductivity that remains unchanged with temperature. This unusual thermal-transport behavior bears analogies with the invar effect in thermal expansion, for which the Nobel Prize in Physics was awarded in 1920.

That led the team to the experimental groups of Etienne Balan, Daniele Fournier, and Massimiliano Marangolo in France, who obtained special permission from the National Museum of Natural History in Paris to perform experiments on a sample of silica tridymite carved from a meteorite that landed in Steinbach, Germany, in 1724. Their experiments confirmed their predictions: meteoric tridymite has an atomic structure that falls between an orderly crystal and disordered glass, and its thermal conductivity remains essentially constant over the experimentally accessible temperature range of 80 K to 380 K.

Upon further investigation, the team also predicted that this material could form from decade-long thermal aging in refractory bricks used in furnaces for steel production. Steel is one of the most essential materials in modern society, but producing it is carbon-intensive: just 1 kg of steel emits approximately 1.3 kg of carbon dioxide, with the nearly 1 billion tons produced each year accounting for about7% of carbon emissions in the U.S. Materials derived from tridymite could be used to more efficiently control the intense heat involved in steel production, helping to reduce the steel industry's carbon footprint.

Future: from AI-driven solutions of first-principles theories to real-world technologies

In this new PNAS paper, Simoncelli employed machine-learning methods to overcome the computational bottlenecks of traditional first-principles methods and simulate atomic properties that influence heat transport with quantum-level accuracy. The quantum mechanisms that govern heat flow through hybrid crystal-glass materials may also help us understand the behavior of other excitations in solids, such as charge-carrying electrons and spin-carrying magnons. Research on these topics is shaping emerging technologies, including wearable devices powered by thermoelectrics, neuromorphic computing, and spintronic devices that exploit magnetic excitations for information processing.

Simoncelli's group at Columbia is exploring these topics, structured around three core pillars: the formulation of first-principles theories to predict experimental observables, the development of AI simulation methods for quantitatively accurate predictions of materials properties, and the application of theory and methods to design and discover materials to overcome targeted industrial or engineering challenges.
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Johns Hopkins scientists grow a mini human brain that lights up and connects like the real thing | ScienceDaily
Johns Hopkins University researchers have grown a novel whole-brain organoid, complete with neural tissues and rudimentary blood vessels -- an advance that could usher in a new era of research into neuropsychiatric disorders such as autism.


						
"We've made the next generation of brain organoids," said lead author Annie Kathuria, an assistant professor in JHU's Department of Biomedical Engineering who studies brain development and neuropsychiatric disorders. "Most brain organoids that you see in papers are one brain region, like the cortex or the hindbrain or midbrain. We've grown a rudimentary whole-brain organoid; we call it the multi-region brain organoid (MRBO)."

The research, published in Advanced Science, marks one of the first times scientists have been able to generate an organoid with tissues from each region of the brain connected and acting in concert. Having a human cell-based model of the brain will open possibilities for studying schizophrenia, autism, and other neurological diseases that affect the whole brain -- work that typically is conducted in animal models.

To generate a whole-brain organoid, Kathuria and members of her team first grew neural cells from the separate regions of the brain and rudimentary forms of blood vessels in separate lab dishes. The researchers then stuck the individual parts together with sticky proteins that act as a biological superglue and allowed the tissues to form connections. As the tissues began to grow together, they started producing electrical activity and responding as a network.

The multi-region mini brain organoid retained a broad range of types of neuronal cells, with characteristics resembling a brain in a 40-day-old human fetus. Some 80% of the range of types of cells normally seen at the early stages of human brain development was equally expressed in the laboratory-crafted miniaturized brains. Much smaller compared to a real brain -- weighing in at 6 million to 7 million neurons compared with tens of billions in adult brains -- these organoids provide a unique platform on which to study whole-brain development.

The researchers also saw the creation of an early blood-brain barrier formation, a layer of cells that surround the brain and control which molecules can pass through.

"We need to study models with human cells if you want to understand neurodevelopmental disorders or neuropsychiatric disorders, but I can't ask a person to let me take a peek at their brain just to study autism," Kathuria said. "Whole-brain organoids let us watch disorders develop in real time, see if treatments work, and even tailor therapies to individual patients."

Using whole-brain organoids to test experimental drugs may also help improve the rate of clinical trial success, researchers said. Roughly 85% to 90% of drugs fail during Phase 1 clinical trials. For neuropsychiatric drugs, the fail rate is closer to 96%. This is because scientists predominantly study animal models during the early stages of drug development. Whole-brain organoids more closely resemble the natural development of a human brain and likely will make better test subjects.

"Diseases such as schizophrenia, autism, and Alzheimer's affect the whole brain, not just one part of the brain. If you can understand what goes wrong early in development, we may be able to find new targets for drug screening," Kathuria said. "We can test new drugs or treatments on the organoids and determine whether they're actually having an impact on the organoids."
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These butterflies look the same, but DNA uncovered six hidden species | ScienceDaily
Some butterflies can smell others of the same species, allowing them to identify each other in areas where multiple species all look the same, new research finds.


						
A large international team has genetically mapped glasswing butterflies found across Central and South America, rewriting the evolutionary tree and highlighting six new species.

The team includes experts at the Wellcome Sanger Institute, Universidad Regional Amazonica Ikiam in Ecuador, Universidade Estadual de Campinas in Brazil, the University of Cambridge, and others.

The research, published on July 28 in the Proceedings of the National Academy of Sciences (PNAS), starts to uncover new insights about these butterflies as well as factors involved in the rapid diversification of species and why some species are more capable of this. The findings help experts to understand more about how has life evolved until now and possibly suggest how it might change in the future.

For example, researchers found that in glasswing butterflies, even the most closely related species produce different pheromones, indicating that they can smell others of the same species. Given that all of these butterflies look the same to teach birds that they are all toxic, this allows the butterflies to find a compatible mate.

By untangling the taxonomy of these butterflies, the team provides answers to questions that have remained unknown for at least 150 years. The researchers also present ten freely available reference genomes that can help to monitor and maintain insect populations in some of the most biodiverse areas of the world.

Butterflies are used in conservation as an indicator species, meaning they are used to track and monitor the levels of biodiversity and other insects in an area.




Glasswing (Ithomiine) butterflies are found across Central and South America and make up a substantial part of the butterfly species found there, making them good indicators of biodiversity in incredibly biodiverse areas, like the Amazon rainforest.

However, there are over 400 species of glasswing butterfly, and all species in an area look incredibly similar to discourage birds from eating them, with coloring that implies they are toxic.

Additionally, glasswing butterflies can undergo rapid radiation, where many new species arise from the same ancestor in a short period of time. As they are very closely related, it makes it difficult to visually identify and track the different species of butterflies.

To genetically untangle these butterflies, an international team including Sanger Institute scientists sequenced the genomes of almost all species of two particularly fast radiations of glasswing butterflies to remap their evolutionary trees. Of those species, 10 were sequenced to the gold standard of "reference quality" genomes that are freely available to the research community.

By genetically mapping these butterflies, the team highlighted that six subspecies were more genetically distinct than previously thought, leading to them being classified as new individual species. Also, understanding the species from a genomic perspective enables experts to highlight any visual differences that could be used to identify and track the different species, now that they are confirmed as genetically distinct.

The team also investigated if the genomes held clues as to why these butterflies had so many species, and what allowed them to develop so quickly. While most butterflies have 31 chromosomes, they found that in these glasswing butterflies, the number of chromosomes varies a lot, ranging between 13 and 28. While they have largely the same genes, these genes are packaged into chromosomes in different ways in each species, a process known as chromosomal rearrangement.




These chromosomal rearrangements have knock-on effects when it comes to mating. In order to reproduce, butterflies must produce eggs and sperm, but this relies on the butterfly's chromosomes lining up. This means that if two butterflies with different chromosomal rearrangements mated, their offspring would be sterile because they would be unable to produce sperm or eggs. As a result, the butterflies have evolved a new mechanism using pheromones to detect potential mates with a chromosome arrangement that matches their own and therefore avoid producing sterile offspring.

The researchers suggest that the high level of chromosomal rearrangement in these butterflies is key to their ability to rapidly form new species, as once a population changes its chromosome number and thus forms its own species, it can more quickly adapt to different altitudes or host plants. Why they have such high levels of rearrangements remains a mystery and is something the scientists are working to uncover.

Understanding rapid radiation in insects could have implications for conservation research, understanding how species adapt to climate change, as well as possible implications for agriculture and pest control.

Dr Eva van der Heijden, first author at the Wellcome Sanger Institute and the University of Cambridge, said: "Glasswing butterflies are an incredibly adaptive group of insects that have been valuable in ecology research for around 150 years. However, until now, there was no genetic resource that allowed us to robustly identify different species, and it is difficult to monitor and track something that you can't identify easily. With this new genetically informed evolutionary tree, and multiple new reference genomes, we hope that it will be possible to advance biodiversity and conservation research around the world, and help protect the butterflies and other insects that are crucial to many of Earth's ecosystems."

Dr Caroline Bacquet, senior author at the Universidad Regional Amazonica Ikiam in Ecuador, said: "Having the reference genomes for the two groups of glasswing butterflies, Mechanitis and Melinaea, allowed us to take a closer look at how they have adapted to life in such close proximity to their relatives. These butterflies share the responsibility of warding off predators by displaying similar colour patterns, and by producing different pheromones they can successfully find mates and reproduce. Now that we have clarity on glasswing butterfly species, we can look for specific markings or differences between them, giving new ways to track them during fieldwork."

Dr Joana Meier, senior author at the Wellcome Sanger Institute, said: "We are in the middle of an extinction crisis and understanding how new species evolve, and evolve quickly in some cases, is important for preserving species. Comparing butterflies that rapidly form new species to others that do not could benchmark how common this is in insects and highlight the factors involved. This, in turn, could identify any species that require closer conservation and possibly identify genes that are important in the adaptation process and might have uses in agriculture, medicine, or bioengineering. This research would not have been possible without global collaboration. We have one planet, and we must work together to understand and protect it."

This study was made possible by a large international collaboration. As well as those already mentioned, this work included researchers at Harvard University, USA, the Federal University of Pernambuco, Brazil, Technische Universitat Braunschweig, Germany, the University of York, the University of Bristol, Universite de Guyane, France, Universidad Nacional Mayor de San Marcos, Lima, Peru, Smithsonian Tropical Research Institute, Panama, University of Florida, USA, and Universite des Antilles, Paris, France. A full list of contributors and affiliations can be found in the publication.

This research includes funding from Wellcome and others. A full list of funding acknowledgements can be found in the publication.
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Woodpeckers thrive where missiles fly. How a bombing range became a wildlife refuge | ScienceDaily
Florida's Avon Park bombing range is teeming with life. Over 40 at-risk species occupy this 106,000-acre expanse used by the U.S. Air Force for training exercises.


						
Conservation biologists from Michigan State University are using the range to test something other than weapons: innovative strategies to save threatened species.

Using decades' worth of monitoring data, researchers are looking back through time to understand the outcome of interventions designed to rescue a population of imperiled red-cockaded woodpeckers.

What they've found is a promising story of success.

Their results, published in a special edition of (Proceedings of the National Academy of Sciences), demonstrate the potential for translocations -- the practice of moving individuals from donor populations to isolated, at-risk ones -- to reverse long-term population decline in endangered species. It's the latest study from MSU's Fitzpatrick Lab to analyze how translocation efforts can help restore connectivity between isolated populations and bring dwindling species back from the brink.

These findings emphasize how effective the careful introduction of new individuals can be in the short-term and in the years and decades ahead -- presenting a potential boon for threatened and endangered species.

When used in concert with land protection and management strategies such as controlled burns, interventions at the individual level can help dwindling communities recover.




Red-cockaded woodpeckers, once abundant from the American South to the Eastern seaboard, have disappeared alongside their pine savannah habitat, now confined to small, disconnected pockets covering only three percent of their historic range.

The overdevelopment of these ecosystems has placed hundreds of species -- including the red-cockaded woodpecker -- at risk of disappearing entirely.

"The only reason that these populations are still around is because of the continued collaborations and long-term investment in these imperiled species," explained Alex Lewanski, a graduate student at MSU and first author on the study.

The Avon Park Air Force Range contains over 35,000 acres of pine savannah, providing a well-protected band of habitat for threatened animals and a proving ground for complex conservation strategies.

The installation is one of 18 Sentinel Landscapes; protected areas around military installations where the Department of Defense and other federal agencies work with state governments and private stakeholders to meet conservation goals.

Leveraging this rare opportunity, researchers from Archbold Biological Station, in collaboration with the U.S. Fish and Wildlife Service and the U.S. Air Force, introduced fifty-four red cockaded woodpeckers from six donor populations into the range's pine savannahs between 1998 and 2016. Analyses revealed that translocations provided substantial and extended benefits, improving the population's size and overall genetic health.




MSU researchers determined that the introduced birds contributed directly to higher population counts, and that translocated birds and their descendants tended to have higher rates of survival and reproductive success.

The findings indicate that reproductive success is highly associated with total nesting years -- and translocated birds tended to nest for more years than locally hatched ones.

These positive effects persisted into the future along family lines. About 70 percent of the translocated woodpeckers survived in the population after their release, and many formed breeding pairs with local individuals, providing a boost to the genetic diversity of the population.

But complex population dynamics, changes which manifest across decades, and the sheer challenge of gathering high-resolution monitoring data makes gauging the effectiveness of translocation efforts difficult. The detail and length of this study, the authors explain, provide rare insights into the long-term effects of these strategies.

The team hopes that these positive results incentivize land managers to consider the long-term benefits of translocations and continued monitoring.

"It has the potential to act as an important component of managing many imperiled species," Lewanski said.

While the woodpeckers are benefitting from this extensive conservation project, these strategies, and the partnership which support them, have implications for other at-risk species, too.

In the future, Lewanski expects that genetic insights will play a growing role in tracking and evaluating conservation programs. Analysis of genetic material helps detect and minimize inbreeding and create highly detailed pedigrees for populations, reducing the burden of on-site monitoring programs to track bird nesting and reproduction.

Using genetic monitoring tools allows scientists and land managers to be more precise when deciding how and when to use translocations, according to Sarah Fitzpatrick, a professor at Michigan State University and senior author on the study.

Eventually, a combination of genomic analysis and on-site monitoring could provide tailor-made strategies for managers attempting translocations.

This study is the product of a partnership between Michigan State University, Archbold Biological Research Station, the U.S. Air Force, Department of Defense and the U.S. Fish and Wildlife Service.

Funding for managing and monitoring the Avon Park red-cockaded woodpeckers was provided by the DoD, the USAF, and the USFWS. Additional project support was provided by the National Defense Science & Engineering Graduate Fellowship from the Department of Defense and the National Science Foundation.
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Radar that could find life on Europa just nailed its first big test | ScienceDaily
NASA's largest interplanetary probe tested its radar during a Mars flyby. The results include a detailed image and bode well for the mission at Jupiter's moon Europa.


						
As it soared past Mars in March, NASA's Europa Clipper conducted a critical radar test that had been impossible to accomplish on Earth. Now that mission scientists have studied the full stream of data, they can declare success: The radar performed just as expected, bouncing and receiving signals off the region around Mars' equator without a hitch.

Called REASON (Radar for Europa Assessment and Sounding: Ocean to Near-surface), the radar instrument will "see" into Europa's icy shell, which may have pockets of water inside. The radar may even be able to detect the ocean beneath the shell of Jupiter's fourth-largest moon.

"We got everything out of the flyby that we dreamed," said Don Blankenship, principal investigator of the radar instrument, of the University of Texas at Austin. "The goal was to determine the radar's readiness for the Europa mission, and it worked. Every part of the instrument proved itself to do exactly what we intended."

The radar will help scientists understand how the ice may capture materials from the ocean and transfer them to the surface of the moon. Above ground, the instrument will help to study elements of Europa's topography, such as ridges, so scientists can examine how they relate to features that REASON images beneath the surface.

Limits of Earth

Europa Clipper has an unusual radar setup for an interplanetary spacecraft: REASON uses two pairs of slender antennas that jut out from the solar arrays, spanning a distance of about 58 feet (17.6 meters). Those arrays themselves are huge -- from tip to tip, the size of a basketball court -- so they can catch as much light as possible at Europa, which gets about 1/25th the sunlight as Earth.




The instrument team conducted all the testing that was possible prior to the spacecraft's launch from NASA's Kennedy Space Center in Florida on Oct. 14, 2024. During development, engineers at the agency's Jet Propulsion Laboratory in Southern California even took the work outdoors, using open-air towers on a plateau above JPL to stretch out and test engineering models of the instrument's spindly high-frequency and more compact very-high-frequency antennas.

But once the actual flight hardware was built, it needed to be kept sterile and could be tested only in an enclosed area. Engineers used the giant High Bay 1 clean room at JPL, where the spacecraft was assembled, to test the instrument piece by piece. To test the "echo," or the bounceback of REASON's signals, however, they'd have needed a chamber about 250 feet (76 meters) long -- nearly three-quarters the length of a football field.

Enter Mars

The mission's primary goal in flying by Mars on March 1, less than five months after launch, was to use the planet's gravitational pull to reshape the spacecraft's trajectory. But it also presented opportunities to calibrate the spacecraft's infrared camera and perform a dry run of the radar instrument over terrain NASA scientists have been studying for decades.

As Europa Clipper zipped by the volcanic plains of the Red Planet -- starting at 3,100 miles (5,000 kilometers) down to 550 miles (884 kilometers) above the surface -- REASON sent and received radio waves for about 40 minutes. In comparison, at Europa the instrument will operate as close as 16 miles (25 kilometers) from the moon's surface.

All told, engineers were able to collect 60 gigabytes of rich data from the instrument. Almost immediately, they could tell REASON was working well. The flight team scheduled the full dataset to download, starting in mid-May. Scientists relished the opportunity over the next couple of months to examine the information in detail and compare notes.




"The engineers were excited that their test worked so perfectly," said JPL's Trina Ray, Europa Clipper deputy science manager. "All of us who had worked so hard to make this test happen -- and the scientists seeing the data for the first time -- were ecstatic, saying, 'Oh, look at this! Oh, look at that!' Now, the science team is getting a head start on learning how to process the data and understand the instrument's behavior compared to models. They are exercising those muscles just like they will out at Europa."

Europa Clipper's total journey to reach the icy moon will be about 1.8 billion miles (2.9 billion kilometers) and includes one more gravity assist -- using Earth -- in 2026. The spacecraft is currently about 280 million miles (450 million kilometers) from Earth.

More About Europa Clipper

Europa Clipper's three main science objectives are to determine the thickness of the moon's icy shell and its interactions with the ocean below, to investigate its composition, and to characterize its geology. The mission's detailed exploration of Europa will help scientists better understand the astrobiological potential for habitable worlds beyond our planet.

Managed by Caltech in Pasadena, California, NASA's Jet Propulsion Laboratory in Southern California leads the development of the Europa Clipper mission in partnership with the Johns Hopkins Applied Physics Laboratory in Laurel, Maryland, for NASA's Science Mission Directorate in Washington. APL designed the main spacecraft body in collaboration with JPL and NASA's Goddard Space Flight Center in Greenbelt, Maryland, NASA's Marshall Space Flight Center in Huntsville, Alabama, and Langley Research Center in Hampton, Virginia. The Planetary Missions Program Office at NASA Marshall executes program management of the Europa Clipper mission. NASA's Launch Services Program, based at NASA Kennedy, managed the launch service for the Europa Clipper spacecraft. The REASON radar investigation is led by the University of Texas at Austin.
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Ancient bird droppings reveal a hidden extinction crisis | ScienceDaily
Researchers from the University of Adelaide, New Zealand's Manaaki Whenua-Landcare Research and University of Auckland have discovered that more than 80 per cent of parasites detected in kakapo poo prior to the 1990s are no longer present in contemporary populations.


						
The project used ancient DNA and microscopic techniques to sample faeces dating back more than 1500 years, with nine of 16 original parasite taxa disappearing prior to the 1990s, when the endangered parrot came under full-population management, and an additional four recorded as lost in the period since.

"Despite their sometimes negative portrayal, parasites are increasingly appreciated for their ecological importance," says the University of Adelaide's Dr Jamie Wood, who contributed to the study published in Current Biology.

"Parasites are among the planet's most ubiquitous, successful, and species-rich groups of organisms, and nearly all free-living species harbor some parasites. They may help with immune system development and compete to exclude foreign parasites that may be more harmful to their hosts."

"However, the dependence of parasites on living hosts may make them susceptible to extinction, especially as many parasites live with just one host species."

An extinction of a parasite that occurs in tandem with its host is known as a secondary extinction or a coextinction, and it often happens at a faster rate than for the host animal.

"Predictive models indicate that parasites may go extinct before their hosts during the coextinction process as opportunities to transmit between host individuals diminish," says Dr Wood.




"As a result, faunal declines may have a lasting impact on parasite communities, even if host populations eventually recover.

"Dependent species, like parasites, are rarely preserved or documented prior to their extinction, and so until now we have had few data to indicate the actual scale of the coextinction process.

"Our new research indicates that parasite extinctions may be far more prevalent than previous estimates suggest, with unknown impacts on their hosts and their ecosystems."

Lead author Alexander Boast, from Manaaki Whenua-Landcare Research, was surprised at the degree of parasite loss.

"The level of parasite loss in kakapo was greater than we had expected, and very few parasite species were found in both ancient and modern kakapo populations. Thus, it seems that endangered species everywhere may possess fractions of their original parasite communities," he says.

As we reckon with the impacts of biodiversity loss, Dr Wood says due attention should also be given to parasitic life.

"Global rates of climate change, ecosystem modification, and biodiversity decline continue to rise, which means there is an increasingly urgent need to recognize and understand the downstream impacts on dependent species, such as parasites, mutualists, or predators," he says.

"Documenting parasite extinction, how quickly it can unfold, and estimating the number of presently threatened parasites are key first steps toward a "global parasite conservation plan" and supporting informed predictions for past, present, and future parasite losses."
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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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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.
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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."
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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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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.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/07/250729044705.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            All Top News
          
          	
            Sections
          
          	
            Technology News
          
        

      

      Health News

      Top stories featured on ScienceDaily's Health & Medicine, Mind & Brain, and Living Well sections.


      
        Scientists found the gene that makes Aussie skinks immune to deadly snake venom
        Australian skinks have developed a remarkable genetic defense against venomous snake bites by mutating a key muscle receptor, making them resistant to neurotoxins. These tiny but powerful molecular changes mirror those found in cobra-resistant mammals like mongooses and honey badgers. This evolutionary arms race not only shows how adaptable life can be but also offers exciting possibilities for creating new antivenoms and therapies in human medicine.

      

      
        Scientists uncover hidden gut 'sense' that talks to your brain
        Your gut may be talking to your brain in ways we never imagined. Scientists have discovered a "neurobiotic sense" -- a rapid-response system where colon cells detect microbial proteins and instantly send appetite-suppressing messages to the brain. This breakthrough reveals how our gut microbes might shape not just digestion, but behavior, mood, and even mental health.

      

      
        This common fruit has over 1,600 compounds that boost brain, heart, and gut health
        Fresh grapes contain a potent mix of over 1,600 compounds that benefit heart, brain, skin, and gut health. New evidence suggests they deserve official superfood recognition, with benefits even at the genetic level.

      

      
        Starving tumors makes cancer treatment work better
        Pancreatic cancer cells are known for being hard to treat, partly because they change the environment around them to block drugs and immune cells. Scientists discovered that these tumors use a scavenging process--called macropinocytosis--to pull nutrients from nearby tissue and keep growing. By blocking this process in mice, researchers were able to change the tumor's environment, making it softer, less dense, and easier for immune cells and therapies to reach.

      

      
        Brain fog, falls, and fatigue? This app helps seniors cut risky meds
        McGill's MedSafer tool helps doctors identify and eliminate risky or unneeded medications in seniors, significantly improving patient outcomes. It aims to prevent harmful "prescribing cascades" and could redefine standard care.

      

      
        This diet helped people lose twice as much weight, without eating less
        People eating minimally processed foods lost twice as much weight as those on ultra-processed diets, even though both diets were nutritionally balanced and participants could eat freely. This real-world, long-term study revealed that food processing itself--not just nutrients--plays a significant role in shaping body weight and health outcomes.

      

      
        Johns Hopkins scientists grow a mini human brain that lights up and connects like the real thing
        Scientists at Johns Hopkins have grown a first-of-its-kind organoid mimicking an entire human brain, complete with rudimentary blood vessels and neural activity. This new "multi-region brain organoid" connects different brain parts, producing electrical signals and simulating early brain development. By watching these mini-brains evolve, researchers hope to uncover how conditions like autism or schizophrenia arise, and even test treatments in ways never before possible with animal models.

      

      
        Alzheimer's risk may start at the brain's border, not inside it
        Your brain has its own elite defense team -- and new research shows these "guardian" cells might be the real battleground for neurological diseases like Alzheimer's and stroke. Scientists discovered that most genetic risks linked to these diseases act not in neurons, but in the blood vessels and immune cells that form the blood-brain barrier.

      

      
        Researchers discover key social factors that triple long COVID risk
        New research led by Mass General Brigham reveals that people facing social challenges--like food insecurity, financial strain, and limited healthcare access--are two to three times more likely to develop long COVID.

      

      
        Lupus often fades with age. Scientists finally know why
        Lupus, a relentless autoimmune disease, appears to mellow with age. While it aggressively targets organs with runaway interferon signaling in younger adults, researchers at UCSF have found that the aging process itself may naturally tone down these immune system attacks. By comparing immune markers across age groups, the team discovered that lupus patients actually show decreasing inflammation as they grow older, in stark contrast to typical "inflammaging." This surprising twist opens the door to...

      

      
        Perfectly timed cancer combo wipes out tumors by supercharging the immune system
        Head and neck cancer, notoriously hard to treat, might have a new weakness--timing. Researchers discovered that syncing radiation and immunotherapy in just the right way can make tumors disappear in mice. By protecting the body's immune system hubs, they've unlocked a potentially powerful method to fight aggressive cancers more effectively. Clinical trials are already underway, hinting at a new era in cancer treatment.

      

      
        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.

      

      
        
          	
            All Top News
          
          	
            Sections
          
          	
            Technology News
          
        

      

    

  
	
	Articles
	Sections
	Next



Scientists found the gene that makes Aussie skinks immune to deadly snake venom | ScienceDaily
A University of Queensland-led study has found Australian skinks have evolved molecular armor to stop snake venom from shutting down their muscles.


						
Professor Bryan Fry from UQ's School of the Environment said revealing exactly how skinks dodge death could inform biomedical approaches to treating snakebite in people.

"What we saw in skinks was evolution at its most ingenious," Professor Fry said.

"Australian skinks have evolved tiny changes in a critical muscle receptor, called the nicotinic acetylcholine receptor.

"This receptor is normally the target of neurotoxins which bind to it and block nerve-muscle communication causing rapid paralysis and death.

"But in a stunning example of a natural counterpunch, we found that on 25 occasions skinks independently developed mutations at that binding site to block venom from attaching.

"It's a testament to the massive evolutionary pressure than venomous snakes exerted after their arrival and spread across the Australian continent, when they would have feasted on the defenseless lizards of the day.




"Incredibly, the same mutations evolved in other animals like mongooses which feed on cobras.

"We confirmed with our functional testing that Australia's Major Skink (Bellatorias frerei) has evolved exactly the same resistance mutation that gives the honey badger it's famous resistance to cobra venom.

"To see this same type of resistance evolve in a lizard and a mammal is quite remarkable - evolution keeps hitting the same molecular bullseye."

The muscle receptor mutations in the skinks included a mechanism to add sugar molecules to physically block toxins and the substitution of a protein building block (amino acid arginine at position 187).

The laboratory work validating the mutations was carried out at UQ's Adaptive Biotoxicology Laboratory by Dr Uthpala Chandrasekara who said it was incredible to witness.

"We used synthetic peptides and receptor models to mimic what happens when venom enters an animal at the molecular level and the data was crystal clear, some of the modified receptors simply didn't respond at all," said Dr Chandrasekara.




"It's fascinating to think that one tiny change in a protein can mean the difference between life and death when facing a highly venomous predator."

The findings could one day inform the development of novel antivenoms or therapeutic agents to counter neurotoxic venoms.

"Understanding how nature neutralizes venom can offer clues for biomedical innovation," Dr Chandrasekara said.

"The more we learn about how venom resistance works in nature, the more tools we have for the design of novel antivenoms."

The project included collaborations with museums across Australia.

The research has been published in International Journal of Molecular Sciences.
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Scientists uncover hidden gut 'sense' that talks to your brain | ScienceDaily
In a breakthrough that reimagines the way the gut and brain communicate, researchers have uncovered what they call a "neurobiotic sense," a newly identified system that lets the brain respond in real time to signals from microbes living in our gut.


						
The new research, led by Duke University School of Medicine neuroscientists Diego Bohorquez, PhD, and M. Maya Kaelberer, PhD, and published in Nature, centers on neuropods, tiny sensor cells lining the colon's epithelium. These cells detect a common microbial protein and send rapid messages to the brain that help curb appetite.

But this is just the beginning. The team believes this neurobiotic sense may be a broader platform for understanding how gut detects microbes, influencing everything from eating habits to mood -- and even how the brain might shape the microbiome in return. 

"We were curious whether the body could sense microbial patterns in real time and not just as an immune or inflammatory response, but as a neural response that guides behavior in real time," said Bohorquez, a professor of medicine and neurobiology at Duke University School of Medicine and senior author of the study.  

The key player is flagellin, an ancient protein found in bacterial flagella, a tail-like structure that bacteria use to swim. When we eat, some gut bacteria release flagellin. Neuropods detect it, with help from a receptor called TLR5, and fire off a message through the vagus nerve - a major communication line of communication between the gut and the brain.  

The team, supported by the National Institutes of Health, proposed a bold idea: that bacterial flagellin in the colon could trigger neuropods to send an appetite-suppressing signal to the brain -- a direct microbial influence on behavior.

The researchers tested this by fasting mice overnight, then giving them a small dose of flagellin directly to the colon. Those mice ate less.  

When researchers tried the same experiment in mice missing the TLR5 receptor, nothing changed. The mice kept eating and gained weight, a clue that the pathway helps regulate appetite. The findings suggest that flagellin sends a "we've had enough" signal through TLR5, allowing the gut to tell the brain it's time to stop eating. Without that receptor, the message doesn't get through.

The discovery was guided by lead study authors Winston Liu, MD, PhD, Emily Alway, both graduate students of the Medical Scientist Training Program, and postdoctoral fellow Naama Reicher, Ph.D. Their experiments reveal that disrupting the pathway altered eating habits in mice pointed to a deeper link between gut microbes and behavior.

"Looking ahead, I think this work will be especially helpful for the broader scientific community to explain how our behavior is influenced by microbes," said Bohorquez. "One clear next step is to investigate how specific diets change the microbial landscape in the gut. That could be a key piece of the puzzle in conditions like obesity or psychiatric disorders."
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This common fruit has over 1,600 compounds that boost brain, heart, and gut health | ScienceDaily

As noted in the article, the term "superfood" is a common word without an official definition or established criteria. Mainstream superfoods are typically part of the Mediterranean Diet and generally rich in natural plant compounds that are beneficial to a person's health. Pezzuto addresses the broader topic of superfoods in detail, then makes the scientific case for grapes, noting that fresh grapes are underplayed in this arena and often not included with mention of other similar foods, such as berries.

Grapes are a natural source of over 1,600 compounds, including antioxidants and other polyphenols such as flavonoids, anthocyanidins, catechins, phenolic acids, resveratrol, and more. Polyphenols are credited with the health benefits of grapes, via antioxidant activity and influencing cellular processes. It is the whole grape and the unique matrix of these compounds within it that creates the biological effects, not a single component.

Over sixty peer-reviewed studies have been published in the scientific literature on grapes and health. The role of grapes on cardiovascular health is well established, including promoting relaxation of blood vessels and healthy circulation, as well as modulating cholesterol levels. Clinical trials also show that grapes support brain health (help maintain healthy brain metabolism and beneficial impacts on cognition), skin health (enhanced resistance to UV radiation and DNA damage in skin cells), gut health (modulating the gut microbiome and increasing diversity in the gut), and eye health (retinal impact via increase in macular pigment optical density). Finally, in the realm of nutrigenomics - the study of foods on gene expression in the body - grape consumption has been shown to positively alter gene expression in relevant body systems. Pezzuto suggests that it is these activities at the genetic level that are likely the driving force behind the health benefits of grapes.

"Dr. Pezzuto shows that based on the science, grapes are indeed a superfood, and should be recognized as such," said Ian LeMay, president of the California Table Grape Commission, "and we are hopeful that using this nomenclature in association with grapes becomes common practice. Luckily, whether consumed for health or sheer enjoyment as a healthy snack, eating California grapes is a win for consumers."
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Starving tumors makes cancer treatment work better | ScienceDaily
Cancer cells and tumors do not exist in a vacuum. Far from the isolation and self-sufficiency of the fictional Wakanda, tumors develop in and alter the nearby milieu of immune cells, connective tissue, blood vessels and a sea of proteins and carbohydrates that provide structure and other supportive functions.


						
Cancer cells interact with this neighborhood -- which scientists term the tumor microenvironment -- in many ways, including obtaining extra resources needed to fuel their unchecked growth. Like a fishing trawler deploying its net, pancreatic ductal adenocarcinoma (PDAC) cells reform their cell surfaces to grab additional nutrients from the jelly-like substance between cells called the extracellular matrix.

This cellular scavenging process -- known as macropinocytosis -- affects the area surrounding the tumor, making the connective tissue stiffer and preventing immune cells from reaching the tumor.

Scientists at the NCI-Designated Cancer Center at Sanford Burnham Prebys published findings July 24, 2025, in Cancer Cell demonstrating that blocking macropinocytosis reshapes the tumor microenvironment to be less fibrous and to allow more access to immune cells. These changes made immunotherapy and chemotherapy more effective in treating PDAC tumors in mice.

The researchers started by observing cells in the tumor microenvironment called fibroblasts that typically form connective tissue and produce many components of the extracellular matrix that are captured during macropinocytosis. In the presence of a tumor, some nearby fibroblasts are coerced to become cancer-associated fibroblasts (CAF) that help tumors grow.

"These CAFs are among the cells surrounding the tumor, and they will support tumor growth by providing metabolites and growth signals, as well as helping in other ways," said Yijuan Zhang, PhD, a staff scientist at Sanford Burnham Prebys and lead author of the study.

The scientists found that blocking macropinocytosis exacerbated the metabolic stress experienced by CAFs that are deprived of glutamine, one of the 20 amino acids used to build proteins throughout the body. Because PDAC relies upon glutamine much more than other cancers, CAFs in the pancreatic cancer tumor microenvironment are routinely starved of glutamine. After preventing pancreatic CAFs from using the same scrounging strategy as PDAC tumors, the scientists observed a change to a different subtype of CAF marked by the expression of genes that promote inflammation.




"Most pancreatic CAFs are myofibroblasts that promote stiffness and density in the tumor microenvironment and make it more difficult for immune cells and drugs to reach the tumor," said Cosimo Commisso, PhD, senior author and interim director and deputy director of the institute's cancer center. "Our experiments led to a subtype reprogramming with fewer myofibroblasts and more inflammatory CAFs, and we wondered how this change would affect the overall tumor microenvironment."

The research team found that significant changes in the tumor neighborhood resulted from preventing macropinocytosis in CAFs.

"There were fewer deposits of collagen that make the tumor microenvironment stiff or fibrotic, more access for CD4+ and CD8+ T cells to infiltrate the tumor, and vascular expansion, which means a widening of blood vessels that can promote drug delivery," said Zhang.

The investigators then wanted to see how these tumor microenvironment modifications might make a difference for patients with PDAC and other cancers that rely on macropinocytosis for fuel. They tested the effects of combining a treatment to block macropinocytosis with immunotherapy and chemotherapy.

"Infiltrating T cells are rich in a cell surface protein called PD-1 that dampens the immune response, so we combined a macropinocytosis inhibitor called EIPA with an anti-PD-1 antibody," said Commisso. "We found it significantly suppressed tumor metastasis and prolonged mouse survival."

"Our findings were similar when using EIPA as a pre-treatment before using the chemotherapy gemcitabine," said Zhang. "In addition to synergistically suppressing tumor growth in mice with PDAC, it also reduced the spread of micrometastases in the lungs."

The scientists will continue to explore how to prevent tumors from scavenging energy to reshape the tumor microenvironment into one that makes cancer treatments more effective.




"We believe this is a very promising strategy to pursue for developing combination therapies for cancer patients," said Commisso. "Especially for pancreatic cancer that is the third leading causes of cancer deaths despite accounting for only three percent of cases."

Additional authors include:
    	Li Ling, Rabi Murad, Swetha Maganti, Ambroise Manceau, Hannah A. Hetrick, Madelaine Neff, Cheska Marie Galapate, Shea F. Grenier, Florent Carrette, Karen Duong-Polk, Anindya Bagchi, David A. Scott, Yoav Altman, Jennifer L. Hope and Linda M. Bradley from Sanford Burnham Prebys
    	Andrew M. Lowy from the University of California San Diego

The study was supported by the National Institutes of Health and the National Cancer Institute.
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Brain fog, falls, and fatigue? This app helps seniors cut risky meds | ScienceDaily
McGill University researchers have developed and are licensing a digital tool to help safely reduce patients' use of medications that may be unnecessary or even harmful to them.


						
When clinicians review a patient's file, MedSafer flags potentially inappropriate medications. In a new clinical trial, the software helped deprescribe such medications in 36 percent of long-term care residents, nearly triple as many as when reviews were done without the tool.

"Sometimes we blame aging for memory loss or mobility issues when the real culprit is the medications," said lead author Dr. Emily McDonald, Associate Professor in McGill's Department of Medicine, Scientist at the Research Institute of the McGill University Health Centre (The Institute) and attending physician at the McGill University Health Centre. "I've seen patients go from barely responsive to having conversations again after stopping a sedating medication."

Nearly two thirds of Canadian seniors take five or more medications a day, and the number is significantly higher in long-term care, she added.

How the tool fits into routine care

Medications are typically reviewed every three months in long-term care homes, but the scholars say there's no standard approach to deprescribing.

MedSafer works as a checklist for clinicians. It scans a resident's medication list alongside their health conditions, flags drugs that may no longer be appropriate and provides guidance on how to stop some medications or for safer alternatives.




The software was co-developed by McDonald and Dr. Todd Lee, Associate Professor in McGill's Department of Medicine and Scientist at The Institute . The trial involved 725 residents in five long-term care homes in New Brunswick who were taking an average of 10 medications each.

The problem with 'prescribing cascades'

Medications often accumulate over time and are sometimes prescribed to counteract the side effects of other drugs, a pattern known as a "prescribing cascade."

"Some medications can increase the risk of falls, confusion and hospitalizations," said Lee. "The more you take, the more side effects and interactions you can have."

The researchers' goal is to see MedSafer integrated into primary care, so that overmedication can be addressed before patients enter long-term care.

"This should be the new standard of care for older adults," McDonald said. "No one should be on a medication that's doing more harm than good."

About the study

The research was funded by the Healthy Seniors Pilot Project, a joint initiative of the Public Health Agency of Canada and the Government of New Brunswick.

McDonald and Lee are co-founders of MedSafer Corp., which licenses the software used in the study.
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This diet helped people lose twice as much weight, without eating less | ScienceDaily
When given nutritionally matched diets, participants lost twice as much weight eating minimally processed foods compared to ultra-processed foods, suggesting that cutting down on processing could help to sustain a healthy weight long term, finds a new clinical trial led by researchers at UCL and UCLH.


						
The study, published in Nature Medicine, is the first interventional study comparing ultra-processed food (UPF) and minimally processed food (MPF) diets in 'real world' conditions, as well as being the longest experimental study of a UPF diet to date1.

The trial split 55 adults into two groups. One group started with an eight-week diet of MPF, such as overnight oats or homemade spaghetti Bolognese. After a four-week 'washout' period during which participants went back to their normal diet, they switched to a diet of UPF, such as breakfast oat bars or a lasagna ready meal. The other group completed the diets in the opposite order. In total, 50 participants completed at least one diet.

The provided diets were nutritionally matched in accordance with the Eatwell Guide, the UK's official government advice on how to eat a healthy, balanced diet. This included levels of fat, saturated fat, protein, carbohydrate, salt and fiber, as well as providing recommended intakes of fruits and vegetables. Participants had plenty of food (i.e. more calories than they needed) delivered to their home and were told to eat as much or as little as they wanted, as they would normally. They were not told to limit their intake.

After eight weeks on each diet, both groups lost weight, likely as a result of the improved nutritional profile of what they were eating compared to their normal diet. However, this effect was higher (2.06% reduction) on the MPF diet compared to the UPF diet (1.05% reduction)2.

These changes corresponded to an estimated calorie deficit of 290 kilocalories (kcal) per day on the MPF diet, compared to 120 kcal per day on the UPF diet. To put this in context, the Eatwell Guide recommends a daily energy intake of 2,000 kcal for women and 2,500 kcal for men.

The greater weight loss experienced on the MPF diet came from reductions in fat mass and total body water, with no change in muscle or fat-free mass, indicating a healthier body composition overall.




The findings suggest that, when observing recommended dietary guidelines, choosing minimally processed foods may be more effective for losing weight.

Dr Samuel Dicken, first author of the study from the UCL Centre for Obesity Research and UCL Department of Behavioural Science & Health, said: "Previous research has linked ultra-processed foods with poor health outcomes. But not all ultra-processed foods are inherently unhealthy based on their nutritional profile. The main aim of this trial was to fill crucial gaps in our knowledge about the role of food processing in the context of existing dietary guidance, and how it affects health outcomes such as weight, blood pressure and body composition, as well as experiential factors like food cravings.

"The primary outcome of the trial was to assess percentage changes in weight and on both diets we saw a significant reduction, but the effect was nearly double on the minimally processed diet. Though a 2% reduction may not seem very big, that is only over eight weeks and without people trying to actively reduce their intake. If we scaled these results up over the course of a year, we'd expect to see a 13% weight reduction in men and a 9% reduction in women on the minimally processed diet, but only a 4% weight reduction in men and 5% in women after the ultra-processed diet. Over time this would start to become a big difference."

Participants completed several questionnaires to assess their food cravings before starting the diets, and at weeks four and eight during the diets3.

There were significantly greater improvements in the number of cravings and ability to resist them (craving control) on the MPF diet compared to the UPF diet, despite greater weight loss on the MPF diet that might ordinarily be expected to lead to stronger cravings.

On the MPF diet compared to the UPF diet, participants reported a two-fold greater improvement in overall craving control, a four-fold greater improvement in craving control for savoury food, and an almost two-fold greater improvement in resisting whichever food they most craved.




Professor Chris van Tulleken, an author of the study from UCL Division of Infection & Immunity and UCLH, said: "The global food system at the moment drives diet-related poor health and obesity, particularly because of the wide availability of cheap, unhealthy food. This study highlights the importance of ultra-processing in driving health outcomes in addition to the role of nutrients like fat, salt and sugar. It underlines the need to shift the policy focus away from individual responsibility and on to the environmental drivers of obesity, such as the influence of multinational food companies in shaping unhealthy food environments.

"Stakeholders across disciplines and organisations must work together and focus on wider policy actions that improve our food environment, such as warning labels, marketing restrictions, progressive taxation and subsidies, to ensure that healthy diets are affordable, available and desirable for all."

The trial also measured secondary health markers, such as blood pressure and heart rate, as well as blood markers such as liver function, glucose, cholesterol and inflammation. Across these markers, there were no significant negative impacts of the UPF diet, with either no change, or a significant improvement from baseline.

Generally, there weren't significant differences in these markers between the diets, and the researchers caution that longer studies would be needed to investigate these measures properly in relation to the changes in weight and fat mass.

Professor Rachel Batterham, senior author of the study from the UCL Centre for Obesity Research, said: "Despite being widely promoted, less than 1% of the UK population follows all of the recommendations in the Eatwell Guide, and most people stick to fewer than half.

"The normal diets of the trial participants tended to be outside national nutritional guidelines and included an above average proportion of UPF, which may help to explain why switching to a trial diet consisting entirely of UPF, but that was nutritionally balanced, resulted in neutral or slightly favourable changes to some secondary health markers.

"The best advice to people would be to stick as closely to nutritional guidelines as they can by moderating overall energy intake, limiting intake of salt, sugar and saturated fat, and prioritizing high-fiber foods such as fruits, vegetables, pulses and nuts. Choosing less processed options such as whole foods and cooking from scratch, rather than ultra-processed, packaged foods or ready meals, is likely to offer additional benefits in terms of body weight, body composition and overall health."

This research was supported by the National Institute for Health and Care Research UCLH Biomedical Research Centre and the Rosetrees Trust.

Notes
    	MPF have undergone very little alteration from their natural state, such as fruits, vegetables, whole grains, meat, fish and dairy products like natural yoghurt. UPF have been significantly altered from their original form through processing, and typically contain ingredients not commonly used in home cooking, such as artificial flavours, preservatives and emulsifiers.
    	Not all participants lost weight, with 10 individuals in each group gaining weight. This is thought to be due to a lack of adherence to the diet, particularly on the second diet that they undertook. When the unadjusted results from the first round of diets (either MPF or UPF) were considered in isolation, the weight loss was greater than when the average across both rounds of diets (4.09% reduction for MPF and 2.12% reduction for UPF).
    	The Control of Eating Questionnaire (CoEQ) assesses overall craving control, craving for sweet foods, craving for savoury foods, positive mood, and the perceived ability to resist eating foods that are craved. The Power of Food Scale (PFS) assesses the appetite for and motivation to consume palatable foods when that food is available (but not physically present), when it is present (but not tasted), and when the food has been tasted (but not yet consumed).
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Johns Hopkins scientists grow a mini human brain that lights up and connects like the real thing | ScienceDaily
Johns Hopkins University researchers have grown a novel whole-brain organoid, complete with neural tissues and rudimentary blood vessels -- an advance that could usher in a new era of research into neuropsychiatric disorders such as autism.


						
"We've made the next generation of brain organoids," said lead author Annie Kathuria, an assistant professor in JHU's Department of Biomedical Engineering who studies brain development and neuropsychiatric disorders. "Most brain organoids that you see in papers are one brain region, like the cortex or the hindbrain or midbrain. We've grown a rudimentary whole-brain organoid; we call it the multi-region brain organoid (MRBO)."

The research, published in Advanced Science, marks one of the first times scientists have been able to generate an organoid with tissues from each region of the brain connected and acting in concert. Having a human cell-based model of the brain will open possibilities for studying schizophrenia, autism, and other neurological diseases that affect the whole brain -- work that typically is conducted in animal models.

To generate a whole-brain organoid, Kathuria and members of her team first grew neural cells from the separate regions of the brain and rudimentary forms of blood vessels in separate lab dishes. The researchers then stuck the individual parts together with sticky proteins that act as a biological superglue and allowed the tissues to form connections. As the tissues began to grow together, they started producing electrical activity and responding as a network.

The multi-region mini brain organoid retained a broad range of types of neuronal cells, with characteristics resembling a brain in a 40-day-old human fetus. Some 80% of the range of types of cells normally seen at the early stages of human brain development was equally expressed in the laboratory-crafted miniaturized brains. Much smaller compared to a real brain -- weighing in at 6 million to 7 million neurons compared with tens of billions in adult brains -- these organoids provide a unique platform on which to study whole-brain development.

The researchers also saw the creation of an early blood-brain barrier formation, a layer of cells that surround the brain and control which molecules can pass through.

"We need to study models with human cells if you want to understand neurodevelopmental disorders or neuropsychiatric disorders, but I can't ask a person to let me take a peek at their brain just to study autism," Kathuria said. "Whole-brain organoids let us watch disorders develop in real time, see if treatments work, and even tailor therapies to individual patients."

Using whole-brain organoids to test experimental drugs may also help improve the rate of clinical trial success, researchers said. Roughly 85% to 90% of drugs fail during Phase 1 clinical trials. For neuropsychiatric drugs, the fail rate is closer to 96%. This is because scientists predominantly study animal models during the early stages of drug development. Whole-brain organoids more closely resemble the natural development of a human brain and likely will make better test subjects.

"Diseases such as schizophrenia, autism, and Alzheimer's affect the whole brain, not just one part of the brain. If you can understand what goes wrong early in development, we may be able to find new targets for drug screening," Kathuria said. "We can test new drugs or treatments on the organoids and determine whether they're actually having an impact on the organoids."
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Alzheimer's risk may start at the brain's border, not inside it | ScienceDaily
The brain's health depends on more than just its neurons. A complex network of blood vessels and immune cells acts as the brain's dedicated guardians -- controlling what enters, cleaning up waste, and protecting it from threats by forming the blood-brain barrier.


						
A new study from Gladstone Institutes and UC San Francisco (UCSF) reveals that many genetic risk factors for neurological diseases like Alzheimer's and stroke exert their effects within these very guardian cells.

"When studying diseases affecting the brain, most research has focused on its resident neurons," says Gladstone Investigator Andrew C. Yang, PhD, senior author of the new study. "I hope our findings lead to more interest in the cells forming the brain's borders, which might actually take center stage in diseases like Alzheimer's."

The findings, published in Neuron, address a long-standing question about where genetic risk begins and suggest that vulnerabilities in the brain's defense system may be a key trigger for disease.

Mapping the Brain's Guardians

For years, large-scale genetic studies have linked dozens of DNA variants to a higher risk of neurological diseases like Alzheimer's, Parkinson's, or multiple sclerosis.

Yet, a major mystery has persisted: over 90% of these variants lie not in the genes themselves, but in the surrounding DNA that does not contain the code for making proteins, once dismissed as "junk DNA." These regions act as complex dimmer switches, turning genes on or off.




Until now, scientists haven't had a full map of which switches control which genes or in which specific brain cells they operate, hindering the path from genetic discovery to new treatments.

A New Technology Finds Answers

The blood-brain barrier is the brain's frontline defense -- a cellular border made up of blood vessel cells, immune cells, and other supporting cells that meticulously controls access to the brain.

Yet, these important cells have been difficult to study, even using the field's most powerful genetic techniques. To overcome this, the Gladstone team developed MultiVINE-seq, a technology that gently isolates the vascular and immune cells from postmortem human brain tissue.

This technology allowed the team, for the first time, to simultaneously map two layers of information: the gene activity and the "dimmer switch" settings -- known as chromatin accessibility -- within each cell. The scientists studied 30 brain samples from individuals with and without neurological disease, giving them a detailed look at how genetic risk variants function across all major brain cell types.

Working closely with Gladstone Investigators Ryan Corces, PhD, and Katie Pollard, PhD, lead authors Madigan Reid, PhD, and Shreya Menon integrated their single-cell atlas with large-scale genetic data from studies of Alzheimer's, stroke, and other brain diseases. This revealed where disease-associated variants are active -- and many were found to be active in vascular and immune cells rather than neurons.




"Before this, we knew these genetic variants increased disease risk, but we didn't know where or how they acted in the context of brain barrier cell types," Reid says. "Our study shows that many of the variants are actually functioning in blood vessels and immune cells in the brain."

Different Diseases, Different Disruptions

One of the study's most striking findings is that genetic risk variants affect the brain's barrier system in fundamentally different ways, depending on the disease.

"We were surprised to see that the genetic drivers for stroke and Alzheimer's had such distinct effects, even though they both involve the brain's blood vessels," Reid says. "That tells us they involve really distinct mechanisms: structural weakening in stroke, and dysfunctional immune signaling in Alzheimer's."

In stroke, genetic variants primarily affected genes responsible for the structural integrity of blood vessels, potentially weakening the vessels' physical structure. Whereas in Alzheimer's, the variants amplified genes that regulate immune activity, suggesting that overactive inflammation -- not structural weakness -- is the key issue.

Among the Alzheimer's-associated variants, one stood out. A common variant near the PTK2B gene, which is found in more than a third of the population, was most active in T cells, a type of immune cell. The variant enhances expression of the gene, which may promote T cell activation and entry into the brain, putting immune cells into overdrive. The team found these super-charged immune cells near amyloid plaques, the sticky protein buildups that mark Alzheimer's.

"Scientists are debating the role of T cells and related components of the immune system in Alzheimer's," Yang says. "Here, we provide genetic evidence in humans that a common Alzheimer's risk factor may work through T cells."

Excitingly, PTK2B is a known "druggable" target, and therapies that inhibit its function are already in clinical trials for cancer. The new study opens a fresh avenue to investigate whether such drugs could be repurposed for Alzheimer's disease.

Location, Location, Location

The study's findings on the brain's "guardian" cells point to two new opportunities for protecting the brain.

Located at the critical interface between the brain and the body, the cells are continually influenced by lifestyle and environmental exposures, which could synergize with genetic predispositions to drive disease. Their location also makes them a promising target for future therapies, potentially allowing for drugs that can bolster the brain's defenses from the "outside" without needing to cross the formidable blood-brain barrier.

"This work brings the brain's vascular and immune cells into the spotlight," Yang says. "Given their unique location and role in establishing the brain's relationship with the body and outside world, our work could inform new, more accessible drug targets and lifestyle interventions to protect the brain from the outside in."

About the Study

The study, "Human brain vascular multi-omics elucidates disease risk associations," was published in the journal Neuron on July 28, 2025.

In addition to Yang, Reid, Corces, and Pollard, the study's other authors are Shreya Menon, Hao Liu, Haoyue Zhou, Zhirui Hu, Bella Ding, Zimo Zhang, Sophia Nelson, and Amanda Apolonio of Gladstone; Simon Frerich of UC San Francisco; Shahram Oveisgharan and David A. Bennett of Rush University Medical Center; and Martin Dichgans of LMU Munich.

The work was supported by the National Institute of Neurological Disorders and Stroke (1R01NS128909-01), Alzheimer's Association (ADSF-24-1345199-C, AARF-22-923641), BrightFocus Foundation (A2022027F), Cure Alzheimer's Fund, the Ludwig Family Foundation, the Dolby Family Fund, the Bakar Aging Research Institute, National Institute of Mental Health (R01- 503 MH123178), National Institute of Aging (P01-AG073082, U01-AG072573), The Leducq Foundation (22CVD01, BRENDA), the Joachim Herz Foundation, and the National Human Genome Research Institute (UM1-HG012076).
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Researchers discover key social factors that triple long COVID risk | ScienceDaily
Mass General Brigham investigators led a nationwide study that found that financial hardship, food insecurity, lack of healthcare access, and other social risk factors are linked to higher risks of long COVID.


						
Long COVID includes a wide range of symptoms that present or persist three or more months after SARS-CoV-2 infection. Although in recent years researchers have gained greater insight into the prevalence, symptoms and effects of long COVID through the longitudinal Researching COVID to Enhance Recovery (RECOVER) Initiative, social risk factors for developing long COVID remain incompletely understood. In a new analysis of the RECOVER-Adult cohort, Mass General Brigham researchers found a two- to three-times higher risk of long COVID in those with social risk factors, including financial hardship, food insecurity, experiences of medical discrimination, and skipped medical care due to cost. Findings are published in Annals of Internal Medicine.

"During the pandemic, we saw the overwhelming role that social risk factors played in determining who was infected with COVID-19 and what the severity and mortality from disease was," said lead author Candace Feldman, MD, MPH, ScD, of the Division of Rheumatology, Inflammation and Immunity at Brigham and Women's Hospital (BWH), a founding member of the Mass General Brigham healthcare system. "We wanted to understand whether those risk factors also play a significant role in the longer-term, chronic symptoms that can affect people months and even years after SARS-CoV-2 infection."

In this study, the researchers analyzed 3,700 participants from the RECOVER-Adult cohort, who had a SARS-CoV-2 infection during the Omicron variant outbreak, completed a baseline survey about social and economic factors at the time of infection, and completed a six-month follow-up survey assessing long COVID symptoms. The RECOVER-Adult participants were from 33 states, Washington, D.C., and Puerto Rico, and joined the study between October 2021 and November 2023.

In the baseline survey, the researchers assessed four major individual-level social risk factors: economic instability, education and language access barriers, health care access and quality challenges, and lack of social and community support using a series of questions and previously validated surveys. They also used ZIP code data to study area-level measures of risk, like household crowding.

After adjusting for variables including hospitalization for SARS-CoV-2 infection (as a marker of disease severity), vaccination history, pregnancy status, age, sex, race and ethnicity, the researchers found significant associations between nearly all the individual-level social risk factors studied and increased risk of developing long COVID. Furthermore, a greater number of social risk factors conferred a higher risk of long COVID. Living in areas with more household crowding was also associated with a greater risk of long COVID.

There was a significantly higher burden of social risk factors among racially or ethnically minoritized groups. However, the researchers found that social risk factors appeared to affect white, Black and Hispanic people's risks of long COVID similarly.




Going forward, RECOVER Initiative researchers hope to determine whether these findings extend to children with long COVID and whether certain long COVID symptoms may be linked to specific social risk factors. They also hope to study symptoms of COVID-19 lasting a year or longer to better understand how social factors might contribute to these symptoms' persistence.

"While rates of COVID-19 have decreased, long COVID is a chronic disease that many people still suffer from," said senior author Elizabeth Karlson, MD, MS, of the Division of Rheumatology, Inflammation and Immunity at BWH. "As with other chronic diseases, many different parts of people's social environment influence long COVID risk. Future interventions must address these factors to effectively reduce adverse outcomes among people with high burden of social risk factors."

Authorship: In addition to Feldman and Karlson, Mass General Brigham authors include Leah Santacroce, Ingrid V. Bassett, Tanayott Thaweethai, Yuri Quintana, Bruce D. Levy, and Cheryl R. Clark.

Additional authors include Radica Alicic, Rachel Atchley-Challenner, Alicia Chung, Mark P. Goldberg, Carol R. Horowitz, Karen B. Jacobson, J. Daniel Kelly, Stacey Knight, Karen Lutrick, Praveen Mudumbi, Sairam Parthasarathy, Heather Prendergast, Nasser Sharareh, Judd Shellito, Zaki A. Sherif, Brittany D. Taylor, Emily Taylor, Joel Tsevat, Zanthia Wiley, Natasha J. Williams, Lynn Yee, Lisa Aponte-Soto, Jhony Baissary, Jasmine Berry, Alexander W. Charney, Maged M. Costantine, Alexandria M. Duven, Nathaniel Erdmann, Kacey C. Ernst, Elen M. Feuerriegel, Valerie J. Flaherman, Minjoung Go, Kellie Hawkins, Vanessa Jacoby, Janice John, Sara Kelly, Elijah Kindred, Adeyinka Laiyemo, Emily B. Levitan, Jennifer K. Logue, Jai G. Marathe, Jeffrey N. Martin, Grace A. McComsey, Torri D. Metz, Tony Minor, Aoyjai P. Montgomery, Janet M. Mullington, Igho Ofotukun, Megumi J. Okumura, Michael J. Peluso, Kristen Pogreba-Brown, Hengameh Raissy, Johana M. Rosas, Upinder Singh, Timothy VanWagoner.

Disclosures: Feldman receives grant support to her institution for health equity research and consults for several organizations on unrelated content. Knight receives research funding from Janssen. Alicic, Parthasarathy, Aponte-Soto, Singh, Levitan, and Mullington receive NIH or other research funding or consulting support unrelated to this manuscript.

Funding: This study was funded in part by the National Institutes of Health (OTA OT2HL161841, OTA OT2HL161847, and OTA OT2HL156812).
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Lupus often fades with age. Scientists finally know why | ScienceDaily
Lupus is a "classic" autoimmune disease.


						
It causes the immune system's first-line viral defenses -- known as interferons -- to attack the body. Nearly every organ is at risk, leading to conditions like kidney and heart disease.

But unlike many other autoimmune or chronic illnesses, lupus can improve as patients reach their 60s and 70s.

"I see my younger lupus patients in their 20s, 30s, and 40s every few months, monitoring them closely for signs of severe disease, but many of my older patients just once a year to touch base," said Sarah Patterson, MD, assistant professor of medicine in the division of rheumatology at UCSF. "If patients make it through those risky decades, they sometimes see a dramatic improvement."

Now, Patterson and colleagues have published a study in Science Translational Medicine that reveals how this works.

By analyzing blood samples from patients across the age spectrum, the team discovered that aging turns down the activity of certain immune genes in people with lupus, leading to fewer interferons and other inflammatory proteins in the body.

The study found that in healthy adults, inflammation-related genes and proteins rose slowly over the years, a process that has been dubbed "inflammaging." In patients with lupus, however, the expression of these genes and proteins were abnormally high in mid-life but decreased as the decades went by.




"Inflammaging seemed to be reversed in the lupus patients," said Chaz Langelier, MD, PhD, associate professor of medicine at UCSF and senior author of the paper. "But it wasn't fully reversed. The lupus patients still had a greater level of inflammatory signaling compared to healthy adults in older age."

That reversal reflected what Patterson has seen in her patients -- a return to something approaching healthy older age.

Next, the team intends to test whether drugs that block interferons are more or less effective in lupus patients at different ages. They also hope to extend the approach to understand other inflammation-related conditions, such as rheumatoid arthritis, COPD, and atherosclerosis.

Authors: Other UCSF authors are Rithwik Narendra, Hoang Van Phan, Ana Almonte-Loya, Emily C. Lydon, MD, Christina Love, Michiko Shimoda, PhD, Padmini Deosthale, MS, Lenka Maliskova, Walter Eckalbar, PhD, Gabriela K. Fragiadakis, PhD, Jinoos Yazdany, MD, MPH, Maria Dall'Era, MD, Patricia Katz, PhD, Chun Jimmie Ye, PhD, and Marina Sirota, PhD. For a complete author list see the paper.

Funding: This work was funded by the National Institutes of Health (R01 AR069616, K23AT011768, P30 AI027763), the US Centers for Disease Control and Prevention (CDC), and the Chan Zuckerberg Biohub.
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Perfectly timed cancer combo wipes out tumors by supercharging the immune system | ScienceDaily
Head and neck squamous cell carcinomas (HNSCC) are a group of cancers that affect cells in and around our mouth and nose. With 890,000 new cases and 450,000 deaths annually, HNSCC accounts for roughly 4.5% of cancer diagnoses and deaths worldwide. Treatment options for HNSCC are very limited, so nearly half of affected patients with HNSCC die from the disease. Current therapies consist of surgery, radiotherapy and chemotherapy, which can be effective but often have limited success and significant side effects.


						
To meet this unmet medical need, researchers at the University of California San Diego School of Medicine are exploring new approaches to improve the effectiveness of treatments for HNSCC. In a new study of oral cancer, a type of HNSCC, they demonstrate how precisely timing two different treatments can potentially improve treatment outcomes by protecting tumor-draining lymph nodes, which are located close to tumors and have an important role in mediating the immune system's response to the tumor.

The researchers found:
    	In mice with oral cancer, delivering radiation therapy that preserves tumor-draining lymph nodes then later delivering immunotherapy resulted in a complete and durable tumor response, meaning the tumors became undetectable. This happened in 15/20 mice treated with this approach.
    	The two treatments synergized to enhance migration of a specific type of immune cell, called activated CCR7+ dendritic cells, from tumors into lymph nodes. These cells helped trigger a stronger immune response to the tumor. This occurred in all treated mice.

The study's results could have significant implications for the treatment of HNSCC, as well as other cancers that are resistant or unresponsive to current standard treatment approaches. The research also provides valuable biological insight into the role of tumor-draining lymph nodes in cancer biology, which could have further implications for developing new therapies. While it will take further research to fully explore the potential of this timed treatment approach, the findings demonstrate the importance of optimizing the sequence and timing of therapies to maximize their benefit to the patient. The researchers are now conducting clinical trials in collaboration with investigators at Providence Earl Chiles Cancer Center to leverage these strategies to improve outcomes in head and neck cancer patients.

The study, published in Nature Communications, was led by Robert Saddawi-Konefka, M.D., Ph.D.,PGY-8, resident physician and Joseph Califano, M.D., professor and interim chair in the Department of Otolaryngology and Iris and Matthew Strauss Chancellor's Endowed Chair in Head and Neck Surgery at UC San Diego School of Medicine. Califano is also director of the Hanna and Mark Gleiberman Head and Neck Cancer Center at Moore's Cancer Center. The study was supported, in part by a National Cancer Institute funded R01 grant led by. Califano and Andrew Sharabi, M.D., Ph.D., associate professor and Jacobs Chancellor's Endowed Chair in the Department of Radiation Medicine and Applied Sciences at UC San Diego School of Medicine, as well as a member of the Head and Neck Cancer Center at Moores Cancer Center. The authors declare no competing interests.
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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.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250803011826.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



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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        Hubble just exposed a rare and violent star collision
        Hubble has helped uncover a white dwarf that's likely the result of two stars crashing together. Carbon traces in its atmosphere tell a story of a cosmic merger, a rare phenomenon previously invisible in ordinary optical light.

      

      
        Scientists create mysterious molecule that could spark life in space
        Scientists have successfully synthesized methanetetrol, an incredibly unstable and previously elusive compound thought to be a key ingredient in the chemical evolution of life. Described as a "prebiotic concentrate" or even a "prebiotic bomb," this molecule could represent a crucial step in the cosmic recipe for life.

      

      
        'Bridge' of stray stars reveals two massive galaxies tearing each other apart
        Astronomers have discovered a ghostly, million-light-year-long bridge of stars connecting two massive galaxies within the Abell 3667 cluster, 700 million light-years away. This glowing thread of intracluster light marks the first optical evidence of a cosmic tug-of-war: a rare, aggressive galactic merger where two entire galaxy clusters are colliding and combining.

      

      
        Baby star fires a jet, then gets blasted by the fallout
        Astronomers have stumbled upon an incredible cosmic chain reaction: a young star launched a high-speed jet that ignited an explosion, creating a massive bubble in space that is now slamming back into the very star system that birthed it. This startling feedback loop, caught for the first time using ALMA data, may reshape what we know about how stars and planets form, and the volatile environments they endure. Nature, it seems, still holds dramatic surprises.

      

      
        NASA and Japan's XRISM just found sulfur hiding between the stars
        An international team of scientists have provided an unprecedented tally of elemental sulfur spread between the stars using data from the Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) spacecraft.

      

      
        Star survives black hole and comes back for more
        This is the first confirmed case of a star that survived an encounter with a supermassive black hole and came back for more. This discovery upends conventional wisdom about such tidal disruption events and suggests that these spectacular flares may be just the opening act in a longer, more complex story.

      

      
        This star survived its own supernova and shined even brighter
        In a spectacular image captured by the Hubble Space Telescope, the spiral galaxy NGC 1309 glows with cosmic elegance and hides a strange survivor.

      

      
        NASA's most advanced radar ever will track earthquakes, landslides, and ice loss from space
        NASA and ISRO have launched NISAR, a groundbreaking radar satellite that will monitor natural disasters and environmental changes across Earth. It can scan land and ice surfaces every 12 days, offering scientists vital data on earthquakes, floods, melting glaciers, and more.

      

      
        AI cracks a meteorite's secret: A material that defies heat
        A rare mineral from a 1724 meteorite defies the rules of heat flow, acting like both a crystal and a glass. Thanks to AI and quantum physics, researchers uncovered its bizarre ability to maintain constant thermal conductivity, a breakthrough that could revolutionize heat management in technology and industry.

      

      
        Radar that could find life on Europa just nailed its first big test
        NASA's Europa Clipper spacecraft just aced a key radar test while flying past Mars, proving its ability to detect structures beneath planetary surfaces--something that couldn't be tested on Earth. The radar, known as REASON, will eventually be used to explore Europa, an icy moon of Jupiter believed to harbor a subsurface ocean.

      

      
        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.

      

      
        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.
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Hubble just exposed a rare and violent star collision | ScienceDaily
University of Warwick astronomers have uncovered compelling evidence that a nearby white dwarf is in fact the remnant of two stars merging -- a rare stellar discovery revealed through Hubble Space Telescope ultraviolet observations of carbon in the star's hot atmosphere.


						
White dwarfs are the dense cores left behind when stars exhaust their fuel and collapse. They are Earth-sized stellar embers weighing typically half as much as the Sun, made up of carbon-oxygen cores with surface layers of helium and hydrogen. While white dwarfs are common in the universe, those with exceptionally high mass (weighing more than the Sun) are rare and enigmatic.

In a paper published on August 6 in Nature Astronomy, Warwick astronomers report on their investigations of a known high-mass white dwarf 130 light-years away, called WD 0525+526. With a mass 20% larger than our Sun, WD 0525+526 is considered "ultra-massive," and how this star came to be is not fully understood.

Such a white dwarf could form from the collapse of a massive star. However, ultraviolet data from the Hubble Space Telescope revealed WD 0525+526 to have small amounts of carbon rising from its core into its hydrogen-rich atmosphere -- suggesting this white dwarf did not originate from a single massive star.

"In optical light (the kind of light we see with our eyes), WD 0525+526 looks like a heavy but otherwise ordinary white dwarf," said first author Dr Snehalata Sahu, Research Fellow at the University of Warwick. "However, through ultraviolet observations obtained with Hubble, we were able to detect faint carbon signatures that were not visible to optical telescopes.

"Finding small amounts of carbon in the atmosphere is a telltale sign that this massive white dwarf is likely to be a be the remnant of a merger between two stars colliding. It also tells us there may be many more merger remnants like this masquerading as common pure-hydrogen atmosphere white dwarfs. Only ultraviolet observations would be able to reveal them to us."

Normally, hydrogen and helium form a thick barrier-like envelope around a white dwarf core, keeping elements like carbon hidden. In a merger of two stars, the hydrogen and helium layers can burn off almost completely as the stars combine. The resulting single star has a very thin envelope that no longer prevents carbon from reaching the surface -- this is exactly what is found on WD 0525+526.




Antoine Bedard, Warwick Prize Fellow in the Astronomy and Astrophysics group at Warwick and co-first author said, "We measured the hydrogen and helium layers to be ten-billion times thinner than in typical white dwarfs. We think these layers were stripped away in the merger, and this is what now allows carbon to appear on the surface.

"But this remnant is also unusual: it has about 100,000 times less carbon on its surface compared to other merger remnants. The low carbon level, together with the star's high temperature (nearly four times hotter than the Sun), tells us WD 0525+526 is much earlier in its post-merger evolution than those previously found. This discovery helps us build a better understand the fate of binary star systems, which is critical for related phenomena like supernova explosions."

Adding to the mystery is how carbon reaches the surface at all in this much hotter star. The other merger remnants are later in their evolution and cool enough for convection to bring carbon to the surface. But WD 0525+526 is far too hot for that process. Instead, the team identified a subtler form of mixing called semi-convection, seen here for the first time in a white dwarf. This process allows small amounts of carbon to slowly rise into the star's hydrogen-rich atmosphere.

"Finding clear evidence of mergers in individual white dwarfs is rare," added Professor Boris Gansicke, Department of Physics, University of Warwick, who obtained the Hubble data for this study. "But ultraviolet spectroscopy gives us the ability to detect these signs early, when the carbon is still invisible at optical wavelengths. Because the Earth's atmosphere blocks ultraviolet light, these observations must be carried out from space, and currently only Hubble can do this job.

"Hubble just turned 35 years old, and while still going strong, it is very important that we start planning for a new space telescope that will eventually replace it."

As WD 0525+526 continues to evolve and cool, it is expected that more carbon will emerge at its surface over time. For now, its ultraviolet glow offers a rare glimpse into the earliest stage of a stellar merger's aftermath -- and a new benchmark for how binary stars end their lives.
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Scientists create mysterious molecule that could spark life in space | ScienceDaily
Researchers have for the first time isolated a compound that could open new doors in understanding the chemistry that supports life in space.


						
Ryan Fortenberry, an astrochemist at the University of Mississippi, Ralf Kaiser, professor of chemistry at the University of Hawaii at Manoa, and Alexander M. Mebel, computational chemist at Florida International University, are part of an international team that synthesized methanetetrol for the first time. They published their research on the elusive compound in the journal Nature Communications.

"This is essentially a prebiotic concentrate -- a seed of life molecule," Fortenberry said. "It's something that can lead to more complex chemistry if given the opportunity. Think of it like an acorn that will grow into a tree in the Grove.

"The acorn alone cannot make a tree; it requires sunlight and water and lots of other things. But it can be what starts the process."

Methanetetrol is an ortho acid - an elusive class of compounds that are particularly difficult to isolate and study but are thought to play a key role in early life chemistry.

To mimic how methanetetrol might form in space, the researchers froze water and carbon dioxide ices to near absolute zero and exposed them to cosmic ray-like radiation. This process allowed them to release the molecule into gas form and identify it using powerful ultraviolet light.

"The detection of the only alcohol with four hydroxyl groups at the same carbon atom pushes the experimental and detection capabilities to the 'final frontier,' the next level beyond what could be accomplished before due to the lack of experimental and computational approaches," said Kaiser, whose lab has been trying to isolate methanetetrol for more than five years.




Since methanetetrol has so many oxygen bonds - and because oxygen does not like to bond close to other oxygens - the compound is very unstable, meaning it is likely to break down if it is not kept in the right conditions.

"You have this compact, carbon-oxygen molecule that just really wants to go 'boom,'" Fortenberry said. "And when it does, when you give it any kind of energy, you'll have water, hydrogen peroxide and a number of other potential compounds that are important for life.

"It's a like a prebiotic bomb."

If the molecule can form in the lab, it can also form in space, the authors said. This makes the compound particularly interesting to astrochemists who are looking for potential life-supporting regions.

"While carbon is the building block of life, oxygen is what makes up nearly everything else," Fortenberry said. "Oxygen is everywhere and is essential for life as we know it.

"So, if we can find places where methanetetrol forms naturally, we know that it is a place that has the potential building blocks to support life."

This material is based on work supported by the National Science Foundation grants AST-2403867.
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'Bridge' of stray stars reveals two massive galaxies tearing each other apart | ScienceDaily
Using one of the most detailed sets of observations ever of a galaxy cluster 700 million light-years from Earth, astronomers have captured the faint glow of stray stars in the process of being ripped from their home galaxy and absorbed into another. The 'bridge' of diffuse light -- spanning roughly a million light years between two galaxies in the cluster Abell 3667 -- is the first direct evidence that the two brightest galaxies in the cluster are actively merging.


						
The findings also imply, the researchers say, that Abell 3667 formed from two smaller clusters, which had themselves merged around a billion years ago.

"This is the first time a feature of this scale and size has been found in a local galaxy cluster," said Anthony Englert, a Ph.D. candidate at Brown University and lead author of a study describing the findings. "We knew that it was possible for a bridge like this to form between two galaxies, but it hadn't been documented anywhere before now. It was a huge surprise that we were able to image such a faint feature."

The new images of Abell 3667 were made using the Dark Energy Camera (DECam) mounted on the Victor M. Blanco Telescope at Cerro Tololo Inter-American Observatory in Chile. Englert and two colleagues -- Ian Dell'Antonio, a professor of physics at Brown, and Mireia Montes, a research fellow at the Institute of Space Sciences in Barcelona, Spain -- stitched together a record-breaking 28 hours of observations taken over a span of years by DECam. The findings are published in The Astrophysical Journal. 

"Because Blanco has been imaging with DECam for the past decade, there is a ton of archival data available," Englert said. "It was just a happy coincidence that so many people had imaged Abell 3667 over the years, and we were able to stack all of those observations together."

That extensive observation time is what made it possible to image the dim light of stray stars within the cluster. This type of diffuse light, known as intracluster light or ICL, offers a treasure trove of information about the history of Abell 3667 and the gravitational dance of the galaxies within it.

The ICL imaged by Englert and his colleagues revealed a special type of galactic merger happening in Abell 3667. Normally, Englert says, mergers that involve the largest galaxy in a cluster, called the brightest cluster galaxy or BCG, occur gradually as it steals stars from many smaller galaxies that surround it. But this new research shows something different happening in this case. Abell 3667 is actually made of two galaxy clusters, each with its own BCG, that are now merging together. The ICL bridge discovered by the researchers suggests that the larger BCG is stealing stars from the smaller one -- an event known as a rapid or aggressive merger. As the two BCGs merge, so too do the smaller galaxies that surround them, making Abell 3667 the product of two merging clusters. Data from X-ray and radio frequency observations had suggested a rapid merger in Abell 3667, but this is the first optical evidence to back it up.




The appearance of intracluster light in these new images offers a tantalizing preview of what's to come when the Vera C. Rubin Observatory becomes fully operational later this year or early next. Using a telescope twice the size of Blanco and the largest camera ever built, the Rubin telescope will perform a 10-year scan deep into the entire southern sky, a project called the Legacy Survey of Space and Time.

"Rubin is going to be able to image ICL in much the same way as we did here, but it's going to do it for every single local galaxy cluster in the southern sky," Englert said. "What we did is just a small sliver of what Rubin is going to be able to do. It's really going to blow the study of the ICL wide open."

That will be a scientific bonanza for astronomers and astrophysicists. In addition to revealing the history of galaxy clusters, the ICL holds clues to some of the most fundamental mysteries of the universe, particularly dark matter -- the mysterious, invisible stuff thought to account for most of the universe's mass.

"ICL is quite important for cosmology," Dell'Antonio said. "The distribution of this light should mirror the distribution of dark matter, so it provides an indirect way to 'see' the dark matter."

Seeing the unseeable -- that's a powerful telescope.

The Victor M. Blanco Telescope and the Vera C. Rubin Observatory are operated by NOIRLab, the U.S. national center for ground-based, nighttime optical astronomy operated by the National Science Foundation. The research was funded by NSF (AST-2108287), the U.S. Department of Energy (DE-SC-0010010) and the NASA Rhode Island Space Grant Consortium.

Image Details
    	Jellyfish galaxy JO171
    Similar to the iconic Hoag's Object, JO171 is an example of a ring galaxy, characterized by a completely detached ring of young stars surrounding a central old spheroid. JO171's fall into the dense Abell 3667 galaxy cluster is stripping it of gas, creating the striking jellyfish-like tendrils seen trailing off to one side of the galaxy. Analysis of the galaxy's stellar population and its gas and stellar dynamics shows that the origin of the ring is related to an interaction with another galaxy in the distant past, prior to its accretion onto Abell 3667. More recently, since infall into the cluster, the gas in the ring has been stripped by ram pressure, causing the quenching of star formation in the stripped half of the ring. This is the first observed case of ram-pressure stripping in action in a ring galaxy. Both of the events (accretion and stripping) caused dramatic transformations in this galaxy.
    	Jellyfish galaxy LEDA 64246
    LEDA 64246 is another example of extended galaxy tails formed by ram-pressure stripping. Their blue glow indicates that the stripping has triggered star formation in the trails.
    	Brightest cluster galaxy IC 4965 and infalling group
    The central galaxy in this cutout is referred to as the brightest cluster galaxy (BCG). The formation of BCGs has been an astronomical mystery for decades. The mystery has been partially answered by the detection of intracluster light, which provides evidence that BCGs generally form through the gradual stripping of stars from less massive galaxies in the cluster, which then accrete onto the BCG.
    	NGC 6862
    NGC 6862 is a Seyfert galaxy that is partially obscured by Milky Way cirrus, or integrated flux nebulae.
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Baby star fires a jet, then gets blasted by the fallout | ScienceDaily
Astronomers have observed an explosion in space that is pushing back against and influencing the baby star which triggered the explosion in the first place. If explosions like this one are common around young stars, then the young stars and their planets are exposed to a harsher environment than previously thought.


						
Stars and their associated planetary systems are formed from the gravitational collapse of molecular clouds in space. As a cloud collapses, it retains its angular momentum, causing it to evolve into a spinning structure known as a protoplanetary disk. Stars and planets form within a protoplanetary disk, but not all of the material is incorporated into the new stars and planets. Some of the material is ejected through powerful jets aligned with the rotation axis of the disk. These jets help remove excess angular momentum and matter from the protoplanetary disk.

A team of Japanese astronomers was reanalyzing archival data for protoplanetary disks from the Atacama Large Millimeter/submillimeter Array (ALMA), when they unexpectedly discovered an explosively expanding bubble structure near one of the disks. That disk, known as WSB 52, is located 441.3 light-years away in the direction of the constellation Ophiuchus. Further detailed analysis revealed that a shock front created by the expanding bubble was colliding with the disk and distorting it. Similar expanding bubble structures have been detected around other young stars, but none of them have shown signs of collision between the bubble and the disk. This phenomenon was also not predicted theoretically.

The team found that the center of the bubble aligned with the disk's rotation axis. The chances of a bubble aligning with the axis of the disk by random chance are effectively zero, indicating that this alignment is not random. This led the research team to conclude that a jet aligned with the axis of the disk triggered the expansion of the bubble. According to their explanation, a high-speed jet emitted from WSB 52 hundreds of years ago collided with cold gas near the disk, causing the gas to compress. The increased pressure from the compression caused the gas to explode, which resulted in the formation of the expanding bubble.

Masataka Aizawa at Ibaraki University, who led this research, explains, "In science fiction, there are scenes where a beam is fired at something to destroy it, causing an explosion with debris flying back at the shooter. Similar things occur in real astronomical phenomena, but with greater intensity. Through this discovery, I once again realized that nature is far more complex than humans think. In future research, I hope to further explore the effects of the explosions on the formation of stars and planetary systems."
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NASA and Japan's XRISM just found sulfur hiding between the stars | ScienceDaily
An international team of scientists have provided an unprecedented tally of elemental sulfur spread between the stars using data from the Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) spacecraft.


						
Astronomers used X-rays from two binary star systems to detect sulfur in the interstellar medium, the gas and dust found in the space between stars. It's the first direct measurement of both sulfur's gas and solid phases, a unique capability of X-ray spectroscopy, XRISM's (pronounced "crism") primary method of studying the cosmos.

"Sulfur is important for how cells function in our bodies here on Earth, but we still have a lot of questions about where it's found out in the universe," said Lia Corrales, an assistant professor of astronomy at the University of Michigan in Ann Arbor. "Sulfur can easily change from a gas to a solid and back again. The XRISM spacecraft provides the resolution and sensitivity we need to find it in both forms and learn more about where it might be hiding."

A paper about these results, led by Corrales, published June 27 in the Publications of the Astronomical Society of Japan. 

Using ultraviolet light, researchers have found gaseous sulfur in the space between stars. In denser parts of the interstellar medium, such as the molecular clouds where stars and planets are born, this form of sulfur quickly disappears.

Scientists assume the sulfur condenses into a solid, either by combining with ice or mixing with other elements.

When a doctor performs an X-ray here on Earth, they place the patient between an X-ray source and a detector. Bone and tissue absorb different amounts of the light as it travels through the patient's body, creating contrast in the detector.




To study sulfur, Corrales and her team did something similar.

They picked a portion of the interstellar medium with the right density -- not so thin that all the X-rays would pass through unchanged, but also not so dense that they would all be absorbed.

Then the team selected a bright X-ray source behind that section of the medium, a binary star system called GX 340+0 located over 35,000 light-years away in the southern constellation Scorpius.

Using the Resolve instrument on XRISM, the scientists were able to measure the energy of GX 340+0's X-rays and determined that sulfur was present not only as a gas, but also as a solid, possibly mixed with iron.

"Chemistry in environments like the interstellar medium is very different from anything we can do on Earth, but we modeled sulfur combined with iron, and it seems to match what we're seeing with XRISM," said co-author Elisa Costantini, a senior astronomer at the Space Research Organization Netherlands and the University of Amsterdam. "Our lab has created models for different elements to compare with astronomical data for years. The campaign is ongoing, and soon we'll have new sulfur measurements to compare with the XRISM data to learn even more."

Iron-sulfur compounds are often found in meteorites, so scientists have long thought they might be one way sulfur solidifies out of molecular clouds to travel through the universe.




In their paper, Corrales and her team propose a few compounds that would match XRISM's observations -- pyrrhotite, troilite, and pyrite, which is sometimes called fool's gold.

The researchers were also able to use measurements from a second X-ray binary called 4U 1630-472 that helped confirm their findings.

"NASA's Chandra X-ray Observatory has previously studied sulfur, but XRISM's measurements are the most detailed yet," said Brian Williams, the XRISM project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "Since GX 340+0 is on the other side of the galaxy from us, XRISM's X-ray observations are a unique probe of sulfur in a large section of the Milky Way. There's still so much to learn about the galaxy we call home."

XRISM is led by JAXA (Japan Aerospace Exploration Agency) in collaboration with NASA, along with contributions from ESA (European Space Agency). NASA and JAXA developed Resolve, the mission's microcalorimeter spectrometer.
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Star survives black hole and comes back for more | ScienceDaily
Lightning might not strike twice, but black holes apparently do. An international group of researchers led by Tel Aviv University astronomers observed a flare caused when a star falls onto a black hole and is destroyed. Surprisingly, this flare occurred about two years after a nearly identical flare named AT 2022dbl, from the exact same location. This is the first confirmed case of a star that survived an encounter with a supermassive black hole and came back for more. This discovery upends conventional wisdom about such tidal disruption events and suggests that these spectacular flares may be just the opening act in a longer, more complex story.


						
The study was led by Dr. Lydia Makrygianni (a former postdoc at Tel Aviv University and currently a researcher at Lancaster University in the UK) under the supervision of Prof. Iair Arcavi, a member of the Astrophysics Department at Tel Aviv University, and Director of the Wise Observatory in Mizpe Ramon. Prof. Ehud Nakar, Chair of the Astrophysics Department, and students Sara Faris and Yael Dgany from Arcavi's research group also took part in the research, alongside many international collaborators. The results are published in a July issue of the Astrophysical Journal Letters.

The researchers explain that at the center of every large galaxy lies a black hole that is millions to billions of times the mass of the sun. Such a supermassive black hole exists also in our own Milky Way Galaxy, its discovery was awarded the 2020 Nobel Prize in physics. But beyond knowing they're there, it's not well understood how such monsters form, nor how they affect their host galaxies. One of the main challenges in understanding these black holes is that they are, well, black. A black hole is a region of space where gravity is so strong that not even light can escape. The supermassive black hole in the center of the Milky Way was discovered thanks to the movement of stars in its vicinity. But in other, more distant, galaxies, such movement cannot be discerned.

Luckily, or unluckily, depending on your point of view, once every 10,000 to 100,000 years, a star will wander too close to the supermassive black hole in the center of its galaxy, resulting in it getting ripped to shreds. Half of the star will be "swallowed" by the black hole, and half thrown outward. When material falls onto a black hole, it does so in a circular fashion, much like water going down the bathtub drain. Around black holes, however, the velocity of the rotating material approaches the speed of light, the material is heated and radiates brilliantly. Such an unlucky star thus "illuminates" the black hole for a few weeks to months, providing astronomers with a brief opportunity to study its properties.

Strangely, though, these flares have not been behaving as expected. Their brilliance and temperature were much lower than predicted. After about a decade of trying to understand why, AT 2022dbl may have provided the answer. The repetition of the first flare in an almost identical manner two years later implies that at least the first flare was the result of the partial disruption of the star, with much of it surviving and coming back for a (nearly identical) additional passage. These flares are thus more of a "snack" by the supermassive black hole than a "meal."

"The question now is whether we'll see a third flare after two more years, in early 2026" says Prof. Arcavi. "If we see a third flare," continues Arcavi, "it means that the second one was also the partial disruption of the star. So maybe all such flares, which we have been trying to understand for a decade now as full stellar disruptions, are not what we thought." If a third flare does not occur, then the second flare could have been the full disruption of the star. The implication is that partial and full disruptions look almost identical, a prediction made before this discovery by the research group of Prof. Tsvi Piran at the Hebrew University. "Either way," adds Arcavi, "we'll have to re-write our interpretation of these flares and what they can teach us about the monsters lying in the centers of galaxies."
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This star survived its own supernova and shined even brighter | ScienceDaily
Rich with detail, the spiral galaxy NGC 1309 shines in this NASA/ESA Hubble Space Telescope Picture of the Week. NGC 1309 is situated about 100 million light-years away in the constellation Eridanus.


						
This stunning Hubble image encompasses NGC 1309's bluish stars, dark brown gas clouds and pearly white centre, as well as hundreds of distant background galaxies. Nearly every smudge, streak and blob of light in this image is an individual galaxy. The only exception to the extragalactic ensemble is a star, which can be identified near the top of the frame by its diffraction spikes. It is positively neighborly, just a few thousand light-years away in the Milky Way galaxy.

Hubble has turned its attention toward NGC 1309 several times; previous Hubble images of this galaxy were released in 2006 and 2014. Much of NGC 1309's scientific interest derives from two supernovae, SN 2002fk in 2002 and SN 2012Z in 2012. SN 2002fk was a perfect example of a Type Ia supernova, which happens when the core of a dead star (a white dwarf) explodes.

SN 2012Z, on the other hand, was a bit of a renegade. It was classified as a Type Iax supernova: while its spectrum resembled that of a Type Ia supernova, the explosion wasn't as bright as expected. Hubble observations showed that in this case, the supernova did not destroy the white dwarf completely, leaving behind a 'zombie star' that shone even brighter than it did before the explosion. Hubble observations of NGC 1309 taken across several years also made this the first time the white dwarf progenitor of a supernova has been identified in images taken before the explosion.
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NASA's most advanced radar ever will track earthquakes, landslides, and ice loss from space | ScienceDaily
Following a successful launch on July 30, the NISAR satellite will orbit Earth for at least three years, using its sophisticated radar systems to scan nearly all the planet's land and ice surfaces twice every 12 days. NASA and the Indian Space Research Organisation (ISRO) will jointly operate the spacecraft and gather science of high priority to both the United States and India.


						
Short for NASA-ISRO Synthetic Aperture Radar, NISAR will help scientists better understand processes involved in natural hazards and catastrophic events, such as earthquakes, volcanic eruptions, and landslides. In addition, it will support monitoring of infrastructure, such as dams, bridges, and roadways. What's more, the satellite's cloud-penetrating ability will help urgent-response communities during weather disasters such as hurricanes, storm surges, and floods. And NISAR will provide key global Earth observations, such as changes in ice sheets, glaciers, and sea ice, as well as improve understanding of how deforestation, permafrost loss, and fires affect the carbon cycle.

Along with providing an unprecedented amount of data, the mission breaks new ground with its collaboration between teams of scientists and engineers separated by more than 9,000 miles and 13 time zones.

The first-ever hardware collaboration between NASA and ISRO on an Earth-observing mission, NISAR will carry the most advanced radar system ever launched as part of a NASA or ISRO mission.

About the length of a pickup truck, the satellite's main body contains engineering systems and a first-of-its-kind dual-radar payload -- an L-band system with a 10-inch (25-centimeter) wavelength and an S-band system with a 4-inch (10-centimeter) wavelength. Each system's signal is sensitive to different sizes of features on Earth's surface, and each specializes in measuring different attributes, such as moisture content, surface roughness, and motion. These characteristics are important for studying a variety of natural surface conditions, such as the amount of soil moisture available for vegetation to thrive or if land has subsided over time.

When operating together, the satellite's two radars will collect data synchronized in time and location, extending the sensitivity of the measurements to objects on the surface in a broad range of sizes. For example, S-band data will allow more accurate characterization of shorter plants, such as bushes and shrubs, while L-band data will sense taller vegetation, like trees.

The spacecraft will operate in a Sun-synchronous orbit, with its radar antennas pointed in a configuration that will also offer unprecedented coverage of Antarctica. This is crucial for studying the motion, deformation, and melting of the Antarctic ice sheet as it breaks up and deposits fresh water into the ocean.
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AI cracks a meteorite's secret: A material that defies heat | ScienceDaily
Crystals and glasses have opposite heat-conduction properties, which play a pivotal role in a variety of technologies. These range from the miniaturization and efficiency of electronic devices to waste-heat recovery systems, as well as the lifespan of thermal shields for aerospace applications.


						
The problem of optimizing the performance and durability of materials used in these different applications essentially boils down to fundamentally understanding how their chemical composition and atomic structure (e.g., crystalline, glassy, nanostructured) determine their capability to conduct heat. Michele Simoncelli, assistant professor of applied physics and applied mathematics at Columbia Engineering, tackles this problem from first principles -- i.e., in Aristotle's words, in terms of "the first basis from which a thing is known" -- starting from the fundamental equations of quantum mechanics and leveraging machine-learning techniques to solve them with quantitative accuracy.

In research published on July 11 in the Proceedings of the National Academy of Sciences, Simoncelli and his collaborators Nicola Marzari from the Swiss Federal Technology Institute of Lausanne and Francesco Mauri from Sapienza University of Rome predicted the existence of a material with hybrid crystal-glass thermal properties, and a team of experimentalists led by Etienne Balan, Daniele Fournier, and Massimiliano Marangolo from the Sorbonne University in Paris confirmed it with measurements.

The first of its kind, this material was discovered in meteorites and has also been identified on Mars. The fundamental physics driving this behavior could advance our understanding and design of materials that manage heat under extreme temperature differences -- and, more broadly, provide insight into the thermal history of planets.

A unified theory of thermal transport in atomically ordered crystals and disordered glasses

Thermal conduction depends on whether a material is crystalline, with an ordered lattice of atoms, or glassy, with a disordered, amorphous structure, which influences how heat flows at the quantum level-broadly speaking, thermal conduction in crystals typically decreases with increasing temperature, while in glasses it increases upon heating.

In 2019, Simoncelli, Nicola Marzari, and Francesco Mauri derived a single equation that captures the opposite thermal-conductivity trends observed in crystals and glasses -- and, most importantly, also describes the intermediate behavior of defective or partially disordered materials, such as those used in thermoelectrics for waste-heat recovery, perovskite solar cells, and thermal barrier coatings for heat shields.




Using this equation, they investigated the relationship between atomic structure and thermal conductivity in materials made from silicon dioxide, one of the main components of sand. They predicted that a particular "tridymite" form of silicon dioxide, described in the 1960s as typical of meteorites, would exhibit the hallmarks of a hybrid crystal-glass material with a thermal conductivity that remains unchanged with temperature. This unusual thermal-transport behavior bears analogies with the invar effect in thermal expansion, for which the Nobel Prize in Physics was awarded in 1920.

That led the team to the experimental groups of Etienne Balan, Daniele Fournier, and Massimiliano Marangolo in France, who obtained special permission from the National Museum of Natural History in Paris to perform experiments on a sample of silica tridymite carved from a meteorite that landed in Steinbach, Germany, in 1724. Their experiments confirmed their predictions: meteoric tridymite has an atomic structure that falls between an orderly crystal and disordered glass, and its thermal conductivity remains essentially constant over the experimentally accessible temperature range of 80 K to 380 K.

Upon further investigation, the team also predicted that this material could form from decade-long thermal aging in refractory bricks used in furnaces for steel production. Steel is one of the most essential materials in modern society, but producing it is carbon-intensive: just 1 kg of steel emits approximately 1.3 kg of carbon dioxide, with the nearly 1 billion tons produced each year accounting for about7% of carbon emissions in the U.S. Materials derived from tridymite could be used to more efficiently control the intense heat involved in steel production, helping to reduce the steel industry's carbon footprint.

Future: from AI-driven solutions of first-principles theories to real-world technologies

In this new PNAS paper, Simoncelli employed machine-learning methods to overcome the computational bottlenecks of traditional first-principles methods and simulate atomic properties that influence heat transport with quantum-level accuracy. The quantum mechanisms that govern heat flow through hybrid crystal-glass materials may also help us understand the behavior of other excitations in solids, such as charge-carrying electrons and spin-carrying magnons. Research on these topics is shaping emerging technologies, including wearable devices powered by thermoelectrics, neuromorphic computing, and spintronic devices that exploit magnetic excitations for information processing.

Simoncelli's group at Columbia is exploring these topics, structured around three core pillars: the formulation of first-principles theories to predict experimental observables, the development of AI simulation methods for quantitatively accurate predictions of materials properties, and the application of theory and methods to design and discover materials to overcome targeted industrial or engineering challenges.
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Radar that could find life on Europa just nailed its first big test | ScienceDaily
NASA's largest interplanetary probe tested its radar during a Mars flyby. The results include a detailed image and bode well for the mission at Jupiter's moon Europa.


						
As it soared past Mars in March, NASA's Europa Clipper conducted a critical radar test that had been impossible to accomplish on Earth. Now that mission scientists have studied the full stream of data, they can declare success: The radar performed just as expected, bouncing and receiving signals off the region around Mars' equator without a hitch.

Called REASON (Radar for Europa Assessment and Sounding: Ocean to Near-surface), the radar instrument will "see" into Europa's icy shell, which may have pockets of water inside. The radar may even be able to detect the ocean beneath the shell of Jupiter's fourth-largest moon.

"We got everything out of the flyby that we dreamed," said Don Blankenship, principal investigator of the radar instrument, of the University of Texas at Austin. "The goal was to determine the radar's readiness for the Europa mission, and it worked. Every part of the instrument proved itself to do exactly what we intended."

The radar will help scientists understand how the ice may capture materials from the ocean and transfer them to the surface of the moon. Above ground, the instrument will help to study elements of Europa's topography, such as ridges, so scientists can examine how they relate to features that REASON images beneath the surface.

Limits of Earth

Europa Clipper has an unusual radar setup for an interplanetary spacecraft: REASON uses two pairs of slender antennas that jut out from the solar arrays, spanning a distance of about 58 feet (17.6 meters). Those arrays themselves are huge -- from tip to tip, the size of a basketball court -- so they can catch as much light as possible at Europa, which gets about 1/25th the sunlight as Earth.




The instrument team conducted all the testing that was possible prior to the spacecraft's launch from NASA's Kennedy Space Center in Florida on Oct. 14, 2024. During development, engineers at the agency's Jet Propulsion Laboratory in Southern California even took the work outdoors, using open-air towers on a plateau above JPL to stretch out and test engineering models of the instrument's spindly high-frequency and more compact very-high-frequency antennas.

But once the actual flight hardware was built, it needed to be kept sterile and could be tested only in an enclosed area. Engineers used the giant High Bay 1 clean room at JPL, where the spacecraft was assembled, to test the instrument piece by piece. To test the "echo," or the bounceback of REASON's signals, however, they'd have needed a chamber about 250 feet (76 meters) long -- nearly three-quarters the length of a football field.

Enter Mars

The mission's primary goal in flying by Mars on March 1, less than five months after launch, was to use the planet's gravitational pull to reshape the spacecraft's trajectory. But it also presented opportunities to calibrate the spacecraft's infrared camera and perform a dry run of the radar instrument over terrain NASA scientists have been studying for decades.

As Europa Clipper zipped by the volcanic plains of the Red Planet -- starting at 3,100 miles (5,000 kilometers) down to 550 miles (884 kilometers) above the surface -- REASON sent and received radio waves for about 40 minutes. In comparison, at Europa the instrument will operate as close as 16 miles (25 kilometers) from the moon's surface.

All told, engineers were able to collect 60 gigabytes of rich data from the instrument. Almost immediately, they could tell REASON was working well. The flight team scheduled the full dataset to download, starting in mid-May. Scientists relished the opportunity over the next couple of months to examine the information in detail and compare notes.




"The engineers were excited that their test worked so perfectly," said JPL's Trina Ray, Europa Clipper deputy science manager. "All of us who had worked so hard to make this test happen -- and the scientists seeing the data for the first time -- were ecstatic, saying, 'Oh, look at this! Oh, look at that!' Now, the science team is getting a head start on learning how to process the data and understand the instrument's behavior compared to models. They are exercising those muscles just like they will out at Europa."

Europa Clipper's total journey to reach the icy moon will be about 1.8 billion miles (2.9 billion kilometers) and includes one more gravity assist -- using Earth -- in 2026. The spacecraft is currently about 280 million miles (450 million kilometers) from Earth.

More About Europa Clipper

Europa Clipper's three main science objectives are to determine the thickness of the moon's icy shell and its interactions with the ocean below, to investigate its composition, and to characterize its geology. The mission's detailed exploration of Europa will help scientists better understand the astrobiological potential for habitable worlds beyond our planet.

Managed by Caltech in Pasadena, California, NASA's Jet Propulsion Laboratory in Southern California leads the development of the Europa Clipper mission in partnership with the Johns Hopkins Applied Physics Laboratory in Laurel, Maryland, for NASA's Science Mission Directorate in Washington. APL designed the main spacecraft body in collaboration with JPL and NASA's Goddard Space Flight Center in Greenbelt, Maryland, NASA's Marshall Space Flight Center in Huntsville, Alabama, and Langley Research Center in Hampton, Virginia. The Planetary Missions Program Office at NASA Marshall executes program management of the Europa Clipper mission. NASA's Launch Services Program, based at NASA Kennedy, managed the launch service for the Europa Clipper spacecraft. The REASON radar investigation is led by the University of Texas at Austin.
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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.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250802022931.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



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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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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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        The Earth didn't just crack, it curved. "It sent chills down my spine!"
        A surprising discovery emerged from a security camera video taken during Myanmar's recent magnitude 7.7 earthquake. While the footage initially drew attention for showing the dramatic fault movement, scientists soon realized it revealed something never captured before: curved fault slip.

      

      
        Scientists create mysterious molecule that could spark life in space
        Scientists have successfully synthesized methanetetrol, an incredibly unstable and previously elusive compound thought to be a key ingredient in the chemical evolution of life. Described as a "prebiotic concentrate" or even a "prebiotic bomb," this molecule could represent a crucial step in the cosmic recipe for life.

      

      
        DNA from the deep reveals a hidden ocean "superhighway"
        Deep beneath the ocean's surface, a groundbreaking DNA study reveals that the deep sea is far more globally connected than once thought. By analyzing thousands of brittle stars preserved in museum collections, scientists discovered these ancient creatures have silently migrated across the planet's seafloor for millions of years, forming a vast evolutionary network from Iceland to Tasmania.

      

      
        This prehistoric predator survived global warming by eating bones
        A prehistoric predator changed its diet and body size during a major warming event 56 million years ago, revealing how climate change can reshape animal behavior, food chains, and survival strategies.

      

      
        Scientists found the gene that makes Aussie skinks immune to deadly snake venom
        Australian skinks have developed a remarkable genetic defense against venomous snake bites by mutating a key muscle receptor, making them resistant to neurotoxins. These tiny but powerful molecular changes mirror those found in cobra-resistant mammals like mongooses and honey badgers. This evolutionary arms race not only shows how adaptable life can be but also offers exciting possibilities for creating new antivenoms and therapies in human medicine.

      

      
        Can humans regrow eyes? These snails already do
        Apple snails can fully regrow their eyes, and their genes and eye structures are strikingly similar to humans. Scientists mapped the regeneration process and used CRISPR to identify genes, including pax6, as essential to eye development, raising hopes for future human vision restoration.

      

      
        Scientists just found a massive earthquake threat hiding beneath Yukon
        A long-forgotten fault in Canada's Yukon Territory has just revealed its dangerous potential. Scientists using cutting-edge satellite and drone data discovered that the Tintina fault, previously considered dormant, has produced multiple major earthquakes in the recent geological past and could do so again. These hidden fault lines, now identified near Dawson City, may be capable of triggering devastating quakes over magnitude 7.5, posing a serious threat to communities, infrastructure, and the un...

      

      
        Crushing vs. Slashing: New skull scans reveal how giant dinosaurs killed
        Tyrannosaurus rex might be the most famous meat-eater of all time, but it turns out it wasn't the only way to be a terrifying giant. New research shows that while T. rex evolved a skull designed for bone-crushing bites like a modern crocodile, other massive carnivorous dinosaurs like spinosaurs and allosaurs took a very different route -- specializing in slashing and tearing flesh instead.

      

      
        Scientists just cracked the code to editing entire chromosomes flawlessly
        A group of Chinese scientists has created powerful new tools that allow them to edit large chunks of DNA with incredible accuracy--and without leaving any trace. Using a mix of advanced protein design, AI, and clever genetic tweaks, they've overcome major limitations in older gene editing methods. These tools can flip, remove, or insert massive pieces of genetic code in both plants and animals. To prove it works, they engineered rice that's resistant to herbicides by flipping a huge section of its...

      

      
        Scientists reexamine 47-year-old fossil and discover a new Jurassic sea monster
        A new long-necked marine reptile, Plesionectes longicollum, has been identified from a decades-old fossil found in Germany's Posidonia Shale. The remarkably preserved specimen rewrites part of the Jurassic marine story, revealing unexpected diversity during a time of oceanic chaos. It is now the oldest known plesiosaur from Holzmaden.

      

      
        These butterflies look the same, but DNA uncovered six hidden species
        Glasswing butterflies may all look alike, but behind their transparent wings hides an evolutionary story full of intrigue. Researchers discovered that while these butterflies appear nearly identical to avoid predators, they produce unique pheromones to attract suitable mates from their own species. A massive genetic mapping effort has now revealed six new butterfly species and uncovered a surprisingly high level of chromosomal rearrangement that helps explain why these butterflies evolve so rapid...

      

      
        Woodpeckers thrive where missiles fly. How a bombing range became a wildlife refuge
        In a surprising twist of conservation success, a U.S. Air Force bombing range in Florida has become a sanctuary for endangered species like the red-cockaded woodpecker. Michigan State University researchers used decades of monitoring data to study the impact of moving birds from healthier populations to struggling ones. The outcome? A powerful success story showing that with long-term commitment, strategic partnerships, and smart interventions like controlled burns and translocations, even isolat...

      

      
        Ancient bird droppings reveal a hidden extinction crisis
        An intriguing new study reveals that over 80% of parasites found in the ancient poo of New Zealand's endangered kakapo have vanished, even though the bird itself is still hanging on. Researchers discovered this dramatic parasite decline by analyzing droppings dating back 1,500 years, uncovering an unexpected wave of coextinctions that occurred long before recent conservation efforts began. These hidden losses suggest that as we fight to save charismatic species, we may be silently erasing whole c...

      

      
        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.
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The Earth didn't just crack, it curved. "It sent chills down my spine!" | ScienceDaily
Dramatic CCTV video of fault slip during a recent large earthquake in Myanmar thrilled both scientists and casual observers when it was posted to YouTube. But it was on his fifth or sixth viewing, said geophysicist Jesse Kearse, that he spotted something even more exciting.


						
When Kearse and his colleague Yoshihiro Kaneko at Kyoto University analyzed the video more carefully, they concluded that it had captured the first direct visual evidence of curved fault slip.

Earthquake geologists often observe curved slickenlines, the scrape marks created by blocks of rock moving past each other during faulting. But until now there has been no visual proof of the curved slip that might create these slickenlines.

The video confirmation of curved fault slip can help researchers create better dynamic models of how faults rupture, Kearse and Kaneko conclude in their paper published in The Seismic Record. (See video below.)

The video comes from a CCTV security camera recording along the trace of Myanmar's Sagaing Fault, which ruptured 28 March in a magnitude 7.7 earthquake. The camera was placed about 20 meters to the east of the fault and was 120 kilometers away from the earthquake's hypocenter.

The resulting video is astonishing. A fault in motion as never seen before -- shaking followed by a visible northward slide of the land on the western side of the fault.

"I saw this on YouTube an hour or two after it was uploaded, and it sent chills down my spine straight away," Kearse recalled. "It shows something that I think every earthquake scientist has been desperate to see, and it was just right there, so very exciting."

Watching it over and over again, he noticed something else.




"Instead of things moving straight across the video screen, they moved along a curved path that has a convexity downwards, which instantly started bells ringing in my head," Kearse said, "because some of my previous research has been specifically on curvature of fault slip, but from the geological record."

Kearse had studied curved slickenlines associated with other earthquakes, such as the 2016 magnitude 7.8 Kaikoura earthquake in New Zealand, and their implications for understanding how faults rupture.

With the Myanmar video, "we set about to quantify the movement a bit more carefully, to extract objective quantitative information from the video rather than just pointing at it to say, look, it's curved," he said.



The researchers decided to track the movement of objects in the video by pixel cross correlation, frame by frame. The analysis helped them measure the rate and direction of fault motion during the earthquake.

They conclude that the fault slipped 2.5 meters for roughly 1.3 seconds, at a peak velocity of about 3.2 meters per second. This shows that the earthquake was pulse-like, which is a major discovery and confirms previous inferences made from seismic waveforms of other earthquakes. In addition, most of the fault motion is strike-slip, with a brief dip-slip component.




The slip curves rapidly at first, as it accelerates to top velocity, then remains linear as the slip slows down, the researchers found.

The pattern fits with what earthquake scientists had previously proposed about slip curvature, that it might occur in part because stresses on the fault near the ground surface are relatively low. "The dynamic stresses of the earthquake as it's approaching and begins to rupture the fault near the ground surface are able to induce an obliquity to the fault movement," said Kearse.

"These transient stresses push the fault off its intended course initially, and then it catches itself and does what it's supposed to do, after that."

The researchers previously concluded that the type of slip curvature -- whether it curves in one direction, or in the other -- is dependent on the direction that the rupture travels, and is consistent with the north to south rupture of the Myanmar earthquake. This means that slickenlines can record the dynamics of past earthquakes, which can be useful for understanding future seismic risks.
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Scientists create mysterious molecule that could spark life in space | ScienceDaily
Researchers have for the first time isolated a compound that could open new doors in understanding the chemistry that supports life in space.


						
Ryan Fortenberry, an astrochemist at the University of Mississippi, Ralf Kaiser, professor of chemistry at the University of Hawaii at Manoa, and Alexander M. Mebel, computational chemist at Florida International University, are part of an international team that synthesized methanetetrol for the first time. They published their research on the elusive compound in the journal Nature Communications.

"This is essentially a prebiotic concentrate -- a seed of life molecule," Fortenberry said. "It's something that can lead to more complex chemistry if given the opportunity. Think of it like an acorn that will grow into a tree in the Grove.

"The acorn alone cannot make a tree; it requires sunlight and water and lots of other things. But it can be what starts the process."

Methanetetrol is an ortho acid - an elusive class of compounds that are particularly difficult to isolate and study but are thought to play a key role in early life chemistry.

To mimic how methanetetrol might form in space, the researchers froze water and carbon dioxide ices to near absolute zero and exposed them to cosmic ray-like radiation. This process allowed them to release the molecule into gas form and identify it using powerful ultraviolet light.

"The detection of the only alcohol with four hydroxyl groups at the same carbon atom pushes the experimental and detection capabilities to the 'final frontier,' the next level beyond what could be accomplished before due to the lack of experimental and computational approaches," said Kaiser, whose lab has been trying to isolate methanetetrol for more than five years.




Since methanetetrol has so many oxygen bonds - and because oxygen does not like to bond close to other oxygens - the compound is very unstable, meaning it is likely to break down if it is not kept in the right conditions.

"You have this compact, carbon-oxygen molecule that just really wants to go 'boom,'" Fortenberry said. "And when it does, when you give it any kind of energy, you'll have water, hydrogen peroxide and a number of other potential compounds that are important for life.

"It's a like a prebiotic bomb."

If the molecule can form in the lab, it can also form in space, the authors said. This makes the compound particularly interesting to astrochemists who are looking for potential life-supporting regions.

"While carbon is the building block of life, oxygen is what makes up nearly everything else," Fortenberry said. "Oxygen is everywhere and is essential for life as we know it.

"So, if we can find places where methanetetrol forms naturally, we know that it is a place that has the potential building blocks to support life."

This material is based on work supported by the National Science Foundation grants AST-2403867.
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DNA from the deep reveals a hidden ocean "superhighway" | ScienceDaily
A world-first study led by Museums Victoria Research Institute has revealed that beneath the cold, dark, pressurized world of the deep sea, marine life is far more globally connected than previously imagined.


						
Published on July 23 in Nature, this landmark study maps the global distribution and evolutionary relationships of brittle stars (Ophiuroidea), the ancient, spiny animals found from shallow coastal waters to the deepest abyssal plains, and from the equator to the poles.

By analyzing the DNA of thousands of specimens collected on hundreds of research voyages and preserved in natural history museums around the world, scientists have uncovered how these deep-sea invertebrates have quietly migrated across entire oceans over millions of years, linking ecosystems from Iceland to Tasmania.

This unprecedented dataset offers powerful new insights into how marine life has evolved and dispersed across the oceans over the past 100 million years.

"You might think of the deep sea as remote and isolated, but for many animals on the seafloor, it's actually a connected superhighway," said Dr Tim O'Hara, Senior Curator of Marine Invertebrates at Museums Victoria Research Institute and lead author of the study.

"Over long timescales, deep-sea species have expanded their ranges by thousands of kilometers. This connectivity is a global phenomenon that's gone unnoticed, until now."

This is the most comprehensive study of its kind, using DNA from 2,699 brittle star specimens housed in 48 natural history museums across the globe. These animals which have lived on Earth for over 480 million years are found on all ocean floors, including at depths of more than 3,500 meters.




Unlike marine life in shallow waters, which is restricted by temperature boundaries, deep-sea environments are more stable and allow species to disperse over vast distances. Many brittle stars produce yolk-rich larvae that can drift on deep ocean currents for extended periods, giving them the ability to colonize far-flung regions.

"These animals don't have fins or wings, but they've still managed to span entire oceans," said Dr O'Hara. "The secret lies in their biology - their larvae can survive for a long time in cold water, hitching a ride on slow-moving deep-sea currents."

The research shows that deep-sea communities, particularly at temperate latitudes, are more closely related across regions than their shallow-water counterparts. For example, marine animals found off southern Australia share close evolutionary links with those in the North Atlantic, on the other side of the planet.

Yet, the deep sea is not uniform. While species can spread widely, factors such as extinction events, environmental change, and geography have created a patchwork of biodiversity across the seafloor.

"It's a paradox. The deep sea is highly connected, but also incredibly fragile," said Dr O'Hara. "Understanding how life is distributed and moves through this vast environment is essential if we want to protect it, especially as threats from deep-sea mining and climate change increase."

This research not only transforms our understanding of deep-sea evolution but also highlights the enduring scientific value of museum collections. The DNA analysed in this study came from specimens collected during 332 research voyages, many undertaken decades ago, and preserved in institutions including Museums Victoria's Research Institute.

"This is science on a global scale," said Lynley Crosswell, CEO and Director of Museums Victoria. "It demonstrates how museums, through international collaboration and the preservation of biodiversity specimens, can unlock new knowledge about our planet's past and help shape its future."

This world-leading project was made possible through partnerships with more than 40 institutions globally, spanning natural history museums, universities and marine research organizations including support via grants of sea time on RV Investigator from Australia's CSIRO Marine National Facility.
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This prehistoric predator survived global warming by eating bones | ScienceDaily
About 56 million years ago, when Earth experienced a dramatic rise in global temperatures, one meat-eating mammal responded in a surprising way: It started eating more bones.


						
That's the conclusion reached by a Rutgers-led team of researchers, whose recent study of fossil teeth from the extinct predator Dissacus praenuntius reveals how animals adapted to a period of extreme climate change known as the Paleocene-Eocene Thermal Maximum (PETM). The findings, published in the journal Palaeogeography, Palaeoclimatology, Palaeoecology, could help scientists predict how today's wildlife might respond to modern global warming.

"What happened during the PETM very much mirrors what's happening today and what will happen in the future," said Andrew Schwartz, a doctoral student in the Department of Anthropology at the School of Arts and Sciences, who led the research. "We're seeing the same patterns. Carbon dioxide levels are rising, temperatures are higher and ecosystems are being disrupted."

Associate Professor Robert Scott of the Department of Anthropology is a co-author of the study.

Schwartz, Scott and another colleague used a technique called dental microwear texture analysis to study the tiny pits and scratches left on fossilized teeth. These marks reveal what kinds of food the animal was chewing in the weeks before it died.

The ancient omnivore was about the size of a jackal or a coyote and likely consumed a mix of meat and other food sources like fruits and insects. "They looked superficially like wolves with oversized heads," Schwartz said, describing them as "super weird mammals." "Their teeth were kind of like hyenas. But they had little tiny hooves on each of their toes."

Before this period of rising temperatures, Dissacus had a diet similar to modern cheetahs, eating mostly tough flesh. But during and after this ancient period, its teeth showed signs of crunching harder materials, such as bones.




"We found that their dental microwear looked more like that of lions and hyenas," Schwartz said. "That suggests they were eating more brittle food, which were probably bones, because their usual prey was smaller or less available."

This dietary shift happened alongside a modest reduction in body size, likely because of food scarcity. While earlier hypotheses blamed shrinking animals on hotter temperatures alone, this latest research suggests that limited food played a bigger role, Schwartz said.

This period of rapid global warming lasted about 200,000 years, but the changes it triggered were fast and dramatic. Schwartz said studies of the past like his can offer practical lessons for today and what comes next.

"One of the best ways to know what's going to happen in the future is to look back at the past," he said. "How did animals change? How did ecosystems respond?"

The findings also highlight the importance of dietary flexibility, he said. Animals that can eat a variety of foods are more likely to survive environmental stress.

"In the short term, it's great to be the best at what you do," Schwartz said. "But in the long term, it's risky. Generalists, meaning animals that are good at a lot of things, are more likely to survive when the environment changes."

Such an insight may be helpful for modern conservation biologists, allowing them to identify which species today may be most vulnerable, he said. Animals with narrow diets, such as pandas, may struggle as their habitats shrink. But adaptable species, including jackals or raccoons, might fare better.




"We already see this happening," Schwartz said. "In my earlier research, jackals in Africa started eating more bones and insects over time, probably because of habitat loss and climate stress."

The study also showed that rapid climate warming as seen during the ancient past can lead to major changes in ecosystems, including shifts in available prey and changes in predator behavior. This may suggest that modern climate change could similarly disrupt food webs and force animals to adapt, or risk extinction, he said.

Even though Dissacus was a successful and adaptable animal that lived for about 15 million years, it eventually went extinct. Scientists think this happened because of changes in the environment and competition from other animals, Schwartz said.

Schwartz conducted his research using a combination of fieldwork and lab analysis, focusing on fossil specimens from the Bighorn Basin in Wyoming, a site with a rich and continuous fossil record spanning millions of years. Schwartz chose the location because it preserves a detailed sequence of environmental and ecological changes during the ancient period of climate warming.

Schwartz has been interested in paleontology, specifically dinosaurs, since he was a boy, journeying with his father, an amateur fossil hunter, on treks through New Jersey's rivers and streams. Now, as a late-stage doctoral student, he hopes to use ancient fossils to answer urgent questions about the future.

He also wants to inspire the next generation of researchers.

"I love sharing this work," he said. "If I see a kid in a museum looking at a dinosaur, I say, 'Hey, I'm a paleontologist. You can do this, too.'"

In addition to Schwartz and Scott, Larisa DeSantis of Vanderbilt University is an author of the study.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250806094118.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists found the gene that makes Aussie skinks immune to deadly snake venom | ScienceDaily
A University of Queensland-led study has found Australian skinks have evolved molecular armor to stop snake venom from shutting down their muscles.


						
Professor Bryan Fry from UQ's School of the Environment said revealing exactly how skinks dodge death could inform biomedical approaches to treating snakebite in people.

"What we saw in skinks was evolution at its most ingenious," Professor Fry said.

"Australian skinks have evolved tiny changes in a critical muscle receptor, called the nicotinic acetylcholine receptor.

"This receptor is normally the target of neurotoxins which bind to it and block nerve-muscle communication causing rapid paralysis and death.

"But in a stunning example of a natural counterpunch, we found that on 25 occasions skinks independently developed mutations at that binding site to block venom from attaching.

"It's a testament to the massive evolutionary pressure than venomous snakes exerted after their arrival and spread across the Australian continent, when they would have feasted on the defenseless lizards of the day.




"Incredibly, the same mutations evolved in other animals like mongooses which feed on cobras.

"We confirmed with our functional testing that Australia's Major Skink (Bellatorias frerei) has evolved exactly the same resistance mutation that gives the honey badger it's famous resistance to cobra venom.

"To see this same type of resistance evolve in a lizard and a mammal is quite remarkable - evolution keeps hitting the same molecular bullseye."

The muscle receptor mutations in the skinks included a mechanism to add sugar molecules to physically block toxins and the substitution of a protein building block (amino acid arginine at position 187).

The laboratory work validating the mutations was carried out at UQ's Adaptive Biotoxicology Laboratory by Dr Uthpala Chandrasekara who said it was incredible to witness.

"We used synthetic peptides and receptor models to mimic what happens when venom enters an animal at the molecular level and the data was crystal clear, some of the modified receptors simply didn't respond at all," said Dr Chandrasekara.




"It's fascinating to think that one tiny change in a protein can mean the difference between life and death when facing a highly venomous predator."

The findings could one day inform the development of novel antivenoms or therapeutic agents to counter neurotoxic venoms.

"Understanding how nature neutralizes venom can offer clues for biomedical innovation," Dr Chandrasekara said.

"The more we learn about how venom resistance works in nature, the more tools we have for the design of novel antivenoms."

The project included collaborations with museums across Australia.

The research has been published in International Journal of Molecular Sciences.
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Can humans regrow eyes? These snails already do | ScienceDaily
Human eyes are complex and irreparable, yet they are structurally like those of the freshwater apple snail, which can completely regenerate its eyes. Alice Accorsi, assistant professor of molecular and cellular biology at the University of California, Davis, studies how these snails regrow their eyes -- with the goal of eventually helping to restore vision in people with eye injuries.


						
In a new study published August 6 in Nature Communications, Accorsi shows that apple snail and human eyes share many anatomical and genetic features.

"Apple snails are an extraordinary organism," said Accorsi. "They provide a unique opportunity to study regeneration of complex sensory organs. Before this, we were missing a system for studying full eye regeneration."

Her team also developed methods for editing the apple snail's genome, which will allow them to explore the genetic and molecular mechanisms behind eye regeneration.

A not-so-snail's paced snail

The golden apple snail (Pomacea canaliculata) is a freshwater snail speciesfrom South America. It's now invasive in many places throughout the rest of the world, but Accorsi said the same traits that make apple snails so invasive also make them a good animal to work with in the lab.

"Apple snails are resilient, their generation time is very short, and they have a lot of babies," she said.




In addition to being easy to grow in the lab, apple snails have "camera-type" eyes -- the same type as humans.

Snails have been known for their regenerative abilities for centuries -- in 1766, a researcher noted that decapitated garden snails can regrow their entire heads. However, Accorsi is the first to leverage this feature in regenerative research.

"When I started reading about this, I was asking myself, why isn't anybody already using snails to study regeneration?" said Accorsi. "I think it's because we just hadn't found the perfect snail to study, until now. A lot of other snails are difficult or very slow to breed in the lab, and many species also go through metamorphosis, which presents an extra challenge."

Eyes like a camera

There are many types of eyes in the animal kingdom, but camera-types eyes are known for producing particularly high-resolution images. They consist of a protective cornea, a lens for focusing light and a retina that contains millions of light-detecting photoreceptor cells. They are found in all vertebrates, some spiders, squid and octopi, and some snails.

Using a combination of dissections, microscopy and genomic analysis, Accorsi's team showed that the apple snail's eyes are anatomically and genetically similar to human eyes.




"We did a lot of work to show that many genes that participate in human eye development are also present in the snail," Accorsi said. "After regeneration, the morphology and gene expression of the new eye is pretty much identical to the original one."

How to regrow an eye

So, how do the snails regrow their eyes after amputation? The researchers showed that the process takes about a month and consists of several phases. First, the wound must heal to prevent infection and fluid loss, which usually takes around 24 hours. Then, unspecialized cells migrate and proliferate in the area. Over the course of about a week and a half, these cells specialize and begin to form eye structures including the lens and retina. By day 15 post-amputation, all of the eye's structures are present, including the optic nerve, but these structures continue to mature and grow for several more weeks.

"We still don't have conclusive evidence that they can see images, but anatomically, they have all the components that are needed to form an image," said Accorsi. "It would be very interesting to develop a behavioral assay to show that the snails can process stimuli using their new eyes in the same way as they were doing with their original eyes. That's something we're working on."

The team also investigated which genes were active during the regeneration process. They showed that immediately after amputation, the snails had about 9,000 genes that were expressed at different rates compared to normal adult snail eyes. After 28 days, 1,175 genes were still expressed differently in the regenerated eye, which suggests that although the eyes look fully developed after a month, complete maturation might take longer.

Genes for regeneration

To better understand how genes regulate regeneration, Accorsi developed methods to edit the snails' genome using CRISPR-Cas9.

"The idea is that we mutate specific genes and then see what effect it has on the animal, which can help us understand the function of different parts of the genome," said Accorsi.

As a first test, the team used CRISPR/Cas9 to mutate a gene called pax6 in snail embryos. Pax6 is known to control the development and organization of brain and eye in humans, mice and fruit flies. Like humans, snails have two copies of each gene - one from each parent. The researchers showed that when apple snails have two non-functional versions of pax6, they develop without eyes, which shows that pax6 is also essential for initial eye development in apple snails.

Accorsi is working on the next step: testing whether pax6 also plays a role in eye regeneration. To determine this, researchers will need to mutate or turn off pax6 in adult snails and then test their regenerative ability.

She is also investigating other eye-related genes, including genes that encode specific parts of the eye, like the lens or retina, and genes that control pax6.

"If we find a set of genes that are important for eye regeneration, and these genes are also present in vertebrates, in theory we could activate them to enable eye regeneration in humans," said Accorsi.

Additional authors on the study are Asmita Gattamraju of UC Davis, and Brenda Pardo, Eric Ross, Timothy J. Corbin, Melainia McClain, Kyle Weaver, Kym Delventhal, Jason A. Morrison, Mary Cathleen McKinney, Sean A. McKinney and Alejandro Sanchez Alvarado of the Stowers Institute for Medical Research. Accorsi performed most of the research for this study at Stowers Institute for Medical Research, where she worked as a postdoctoral fellow before joining UC Davis in 2024.

The study was funded by the Howard Hughes Medical Institute, the Society for Developmental Biology, the American Association for Anatomy and the Stowers Institute for Medical Research.
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Scientists just found a massive earthquake threat hiding beneath Yukon | ScienceDaily
New research led by the University of Victoria (UVic) has illuminated a significant and previously unrecognized source of seismic hazard for the Yukon Territory of northwestern Canada.


						
The Tintina fault is a major geologic fault approximately 1,000 km long that trends northwestward across the entire territory. It has slipped laterally a total of 450 km in its lifetime but was previously believed to have been inactive for at least 40 million years. However, using new high-resolution topographic data collected from satellites, airplanes and drones, researchers have identified a 130-km-long segment of the fault near Dawson City where there is evidence of numerous large earthquakes in the much more recent geologic past (the Quaternary Period, 2.6 million years to present), indicating possible future earthquakes.

"Over the past couple of decades there have been a few small earthquakes of magnitude 3 to 4 detected along the Tintina fault, but nothing to suggest it is capable of large ruptures," says Theron Finley, recent UVic PhD graduate and lead author of the recent article in Geophysical Research Letters. "The expanding availability of high-resolution data prompted us to re-examine the fault, looking for evidence of prehistoric earthquakes in the landscape."

Currently, the understanding of earthquake rates and seismic hazard in much of Canada is based on a catalogue of earthquakes from oral Indigenous accounts, written historical records and modern seismic monitoring networks. Collectively, these records only cover the last couple hundred years. However, for many active faults, thousands of years can elapse between large ruptures.

When earthquakes are large and/or shallow, they often rupture the Earth's surface and produce a linear feature in the landscape known as a fault scarp. These features, which can persist in the landscape for thousands of years, are typically tens to hundreds of kilometers long, but only a few metres wide and tall. They are difficult to detect in heavily forested regions like Canada, and require extremely high-resolution topographic data to identify.

The team, consisting of researchers from UVic, the Geological Survey of Canada and University of Alberta, used high resolution topographic data from the ArcticDEM dataset from satellite images, as well as from light detection and ranging (lidar) surveys conducted with airplanes and drones. They identified a series of fault scarps passing within 20 km of Dawson City.

Crucially, they observed that glacial landforms 2.6 million years in age are laterally offset across the fault scarp by 1000 m. Others, 132,000 years old, are laterally offset by 75 m. These findings confirm that the fault has slipped in multiple earthquakes throughout the Quaternary period, likely slipping several meters in each event. What's more, landforms known to be 12,000 years old are not offset by the fault, indicating no large ruptures have occurred since that time. The fault continues to accumulate strain at an average rate of 0.2 to 0.8 millimetres per year, and therefore poses a future earthquake threat.




"We determined that future earthquakes on the Tintina fault could exceed magnitude 7.5," says Finley. "Based on the data, we think that the fault may be at a relatively late stage of a seismic cycle, having accrued a slip deficit, or build-up of strain, of six meters in the last 12,000 years. If this were to be released, it would cause a significant earthquake."

An earthquake of magnitude 7.5 or greater would cause severe shaking in Dawson City and could pose a threat to nearby highways and mining infrastructure. Compounding the hazard from seismic shaking, the region is prone to landslides, which could be seismically triggered. The Moosehide landslide immediately north of Dawson City and the newly discovered Sunnydale landslide directly across the Yukon River both show ongoing signs of instability.

Canada's National Seismic Hazard Model (NSHM) includes the potential for large earthquakes in central Yukon Territory, but the Tintina fault is not currently recognized as a discrete seismogenic fault source. The recent findings by this team will ultimately be integrated into the NSHM, which informs seismic building codes and other engineering standards that protect human lives and critical infrastructure. The findings will also be shared with local governments and emergency managers to improve earthquake readiness in their communities.

This research occurred on the territory of the Tr'ondek Hwech'in and Na-Cho Nyak Dun First Nations 
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Crushing vs. Slashing: New skull scans reveal how giant dinosaurs killed | ScienceDaily
A new analysis of the bite strength of 18 species of carnivorous dinosaurs shows that while the Tyrannasaurus rex skull was optimized for quick, strong bites like a crocodile, other giant, predatory dinosaurs that walked on two legs -- including spinosaurs and allosaurs -- had much weaker bites and instead specialized in slashing and ripping flesh. Reported in the Cell Press journal Current Biology on August 4, these findings demonstrate that meat-eating dinosaurs followed different evolutionary paths in terms of skull design and feeding style despite their similarly gigantic sizes.


						
"Carnivorous dinosaurs took very different paths as they evolved into giants in terms of feeding biomechanics and possible behaviors," said Andrew Rowe of the University of Bristol, UK.

"Tyrannosaurs evolved skulls built for strength and crushing bites, while other lineages had comparatively weaker but more specialized skulls, suggesting a diversity of feeding strategies even at massive sizes. In other words, there wasn't one 'best' skull design for being a predatory giant; several designs functioned perfectly well."

Rowe has always been fascinated by big carnivorous dinosaurs, and he considers them interesting subjects for exploring basic questions in organismal biology. In this study, he and co-author Emily Rayfield wanted to know how bipedalism -- or walking on two legs -- influenced skull biomechanics and feeding techniques.

It was previously known that despite reaching similar sizes, predatory dinosaurs evolved in very different parts of the world at different times and had very different skull shapes. For Rowe and Rayfield, those facts raised questions about whether their skulls were functionally similar under the surface or if there were notable differences in their predatory lifestyles. As there are no massive, bipedal carnivores alive today -- ever since the end-Cretaceous mass extinction event -- the authors note that studying these animals offers intriguing insights into a way of life which has since disappeared.

To examine the relationship between body size and skull biomechanics, the authors used 3D technologies including CT scans and surface scans analyze the skull mechanics, quantify the feeding performance, and measure the bite strength across 18 species of therapod, a group of carnivorous dinosaurs ranging from small to giant. While they expected some differences between species, they were surprised when their analyses showed clear biomechanical divergence.

"Tyrannosaurids like T. rex had skulls that were optimized for high bite forces at the cost of higher skull stress," Rowe says. "But in some other giants, like Giganotosaurus, we calculated stress patterns suggesting a relatively lighter bite. It drove home how evolution can produce multiple 'solutions' to life as a large, carnivorous biped."

Skull stress didn't show a pattern of increase with size. Some smaller therapods experienced greater stress than some larger species due to increased muscle volume and bite forces. The findings show that being a predatory biped didn't always equate to being a bone-crushing giant. Unlike T. rex, some dinosaurs, including the spinosaurs and allosaurs, became giants while maintaining weaker bites more suited for slashing at prey and stripping flesh.

"I tend to compare Allosaurus to a modern Komodo dragon in terms of feeding style," Rowe says. "Large tyrannosaur skulls were instead optimized like modern crocodiles with high bite forces that crushed prey. This biomechanical diversity suggests that dinosaur ecosystems supported a wider range of giant carnivore ecologies than we often assume, with less competition and more specialization."

This research was supported by funding from the Biotechnology and Biological Sciences Research Council.
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Scientists just cracked the code to editing entire chromosomes flawlessly | ScienceDaily
A team of Chinese researchers led by Prof. GAO Caixia from the Institute of Genetics and Developmental Biology of the Chinese Academy of Sciences has developed two new genome editing technologies, known collectively as Programmable Chromosome Engineering (PCE) systems.


						
The study, published online in Cell on August 4, achieves multiple types of precise DNA manipulations ranging from kilobase to megabase scale in higher organisms, especially plants.

Extensive research has demonstrated the immense potential of the site-specific recombinase Cre-Lox system for precise chromosomal manipulation. However, its broader application has been hindered by three critical limitations:
    	Reversible recombination reactions -- stemming from the inherent symmetry of Lox sites -- can negate desired edits.
    	The tetrameric nature of Cre recombinase complicates engineering efforts, hindering activity optimization.
    	Residual Lox sites after recombination may compromise editing precision.

The research team addressed each of these challenges and developed novel methods to advance the state of this technology. First, they built a high-throughput platform for rapid recombination site modification and proposed an asymmetric Lox site design. This led to the development of novel Lox variants that reduce reversible recombination activity by over 10-fold (approaching the background level of negative controls) while retaining high-efficiency forward recombination.

They then leveraged their recently developed AiCE (AI-informed Constraints for protein Engineering), model -- a protein-directed evolution system integrating general inverse folding models with structural and evolutionary constraints -- to develop AiCErec, a recombinase engineering method. This approach enabled precise optimization of Cre's multimerization interface, yielding an engineered variant with a recombination efficiency 3.5 times that of wild-type Cre.

Lastly, they designed and refined a scarless editing strategy for recombinases. By harnessing the high editing efficiency of prime editors, they developed Re-pegRNA, a method that uses specifically designed pegRNAs to perform re-prime editing on residual Lox sites, precisely replacing them with the original genomic sequence, thereby ensuring seamless genome modifications.

The integration of these three innovations led to the creation of two programmable platforms, PCE and RePCE. These platforms allow flexible programming of insertion positions and orientations for different Lox sites, enabling precise, scarless manipulation of DNA fragments ranging from kilobase to megabase scale in both plant and animal cells. Key achievements include: targeted integration of large DNA fragments up to 18.8 kb, complete replacement of 5-kb DNA sequences, chromosomal inversions spanning 12 Mb, chromosomal deletions of 4 Mb, and whole-chromosome translocations.

As a proof of concept, the researchers used this technology to create herbicide-resistant rice germplasm with a 315-kb precise inversion, showcasing its transformative potential for genetic engineering and crop improvement.

This pioneering work not only overcomes the historical limitations of the Cre-Lox system but also opens new avenues for precise genome engineering in a variety of organisms.
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Scientists reexamine 47-year-old fossil and discover a new Jurassic sea monster | ScienceDaily
Paleontologists have identified a new species of ancient marine reptile from Germany's world-renowned Posidonia Shale fossil beds, expanding our understanding of prehistoric ocean ecosystems that existed nearly 183 million years ago.


						
The newly classified species, named Plesionectes longicollum ("long-necked near-swimmer"), represents a previously unknown type of plesiosauroid -- the group of long-necked marine reptiles that inhabited Earth's oceans during the age of dinosaurs. The specimen is a nearly complete skeleton that even preserves remnants of fossilized soft tissue. It was originally excavated in 1978 from a quarry in Holzmaden, Southwest Germany, but its unique anatomical features have only now been fully recognized through comprehensive scientific analysis.

"This specimen has been in collections for decades, but previous studies never fully explored its distinctive anatomy," said Sven Sachs of the Naturkunde-Museum Bielefeld, the study's lead author. "Our detailed examination revealed an unusual combination of skeletal features that clearly distinguish it from all previously known plesiosaurs."

The research, published by Sven Sachs and co-author Dr. Daniel Madzia from the Polish Academy of Sciences, demonstrates that the Posidonia Shale -- already famous for its exceptionally preserved fossils -- contained even greater marine reptile diversity than previously recognized.

The Plesionectes specimen is particularly significant as it represents the oldest known plesiosaur from the Holzmaden area. Despite being an immature individual, its distinctive anatomical characteristics were not significantly affected by its developmental stage, warranting classification as an entirely new genus and species.

"This discovery adds another piece to the puzzle of marine ecosystem evolution during a critical time in Earth's history," explained Dr. Madzia. "The early Toarcian period when this animal lived was marked by significant environmental changes, including a major oceanic anoxic event that affected marine life worldwide."

The fossil is permanently housed at the Staatliches Museum fur Naturkunde Stuttgart (Stuttgart State Museum of Natural History) where it is cataloged as specimen SMNS 51945.

The Posidonia Shale at Holzmaden has previously yielded five other plesiosaur species, including representatives from all three major plesiosaur lineages. This new addition further cements the formation's status as one of the world's most important windows into Jurassic marine life.
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These butterflies look the same, but DNA uncovered six hidden species | ScienceDaily
Some butterflies can smell others of the same species, allowing them to identify each other in areas where multiple species all look the same, new research finds.


						
A large international team has genetically mapped glasswing butterflies found across Central and South America, rewriting the evolutionary tree and highlighting six new species.

The team includes experts at the Wellcome Sanger Institute, Universidad Regional Amazonica Ikiam in Ecuador, Universidade Estadual de Campinas in Brazil, the University of Cambridge, and others.

The research, published on July 28 in the Proceedings of the National Academy of Sciences (PNAS), starts to uncover new insights about these butterflies as well as factors involved in the rapid diversification of species and why some species are more capable of this. The findings help experts to understand more about how has life evolved until now and possibly suggest how it might change in the future.

For example, researchers found that in glasswing butterflies, even the most closely related species produce different pheromones, indicating that they can smell others of the same species. Given that all of these butterflies look the same to teach birds that they are all toxic, this allows the butterflies to find a compatible mate.

By untangling the taxonomy of these butterflies, the team provides answers to questions that have remained unknown for at least 150 years. The researchers also present ten freely available reference genomes that can help to monitor and maintain insect populations in some of the most biodiverse areas of the world.

Butterflies are used in conservation as an indicator species, meaning they are used to track and monitor the levels of biodiversity and other insects in an area.




Glasswing (Ithomiine) butterflies are found across Central and South America and make up a substantial part of the butterfly species found there, making them good indicators of biodiversity in incredibly biodiverse areas, like the Amazon rainforest.

However, there are over 400 species of glasswing butterfly, and all species in an area look incredibly similar to discourage birds from eating them, with coloring that implies they are toxic.

Additionally, glasswing butterflies can undergo rapid radiation, where many new species arise from the same ancestor in a short period of time. As they are very closely related, it makes it difficult to visually identify and track the different species of butterflies.

To genetically untangle these butterflies, an international team including Sanger Institute scientists sequenced the genomes of almost all species of two particularly fast radiations of glasswing butterflies to remap their evolutionary trees. Of those species, 10 were sequenced to the gold standard of "reference quality" genomes that are freely available to the research community.

By genetically mapping these butterflies, the team highlighted that six subspecies were more genetically distinct than previously thought, leading to them being classified as new individual species. Also, understanding the species from a genomic perspective enables experts to highlight any visual differences that could be used to identify and track the different species, now that they are confirmed as genetically distinct.

The team also investigated if the genomes held clues as to why these butterflies had so many species, and what allowed them to develop so quickly. While most butterflies have 31 chromosomes, they found that in these glasswing butterflies, the number of chromosomes varies a lot, ranging between 13 and 28. While they have largely the same genes, these genes are packaged into chromosomes in different ways in each species, a process known as chromosomal rearrangement.




These chromosomal rearrangements have knock-on effects when it comes to mating. In order to reproduce, butterflies must produce eggs and sperm, but this relies on the butterfly's chromosomes lining up. This means that if two butterflies with different chromosomal rearrangements mated, their offspring would be sterile because they would be unable to produce sperm or eggs. As a result, the butterflies have evolved a new mechanism using pheromones to detect potential mates with a chromosome arrangement that matches their own and therefore avoid producing sterile offspring.

The researchers suggest that the high level of chromosomal rearrangement in these butterflies is key to their ability to rapidly form new species, as once a population changes its chromosome number and thus forms its own species, it can more quickly adapt to different altitudes or host plants. Why they have such high levels of rearrangements remains a mystery and is something the scientists are working to uncover.

Understanding rapid radiation in insects could have implications for conservation research, understanding how species adapt to climate change, as well as possible implications for agriculture and pest control.

Dr Eva van der Heijden, first author at the Wellcome Sanger Institute and the University of Cambridge, said: "Glasswing butterflies are an incredibly adaptive group of insects that have been valuable in ecology research for around 150 years. However, until now, there was no genetic resource that allowed us to robustly identify different species, and it is difficult to monitor and track something that you can't identify easily. With this new genetically informed evolutionary tree, and multiple new reference genomes, we hope that it will be possible to advance biodiversity and conservation research around the world, and help protect the butterflies and other insects that are crucial to many of Earth's ecosystems."

Dr Caroline Bacquet, senior author at the Universidad Regional Amazonica Ikiam in Ecuador, said: "Having the reference genomes for the two groups of glasswing butterflies, Mechanitis and Melinaea, allowed us to take a closer look at how they have adapted to life in such close proximity to their relatives. These butterflies share the responsibility of warding off predators by displaying similar colour patterns, and by producing different pheromones they can successfully find mates and reproduce. Now that we have clarity on glasswing butterfly species, we can look for specific markings or differences between them, giving new ways to track them during fieldwork."

Dr Joana Meier, senior author at the Wellcome Sanger Institute, said: "We are in the middle of an extinction crisis and understanding how new species evolve, and evolve quickly in some cases, is important for preserving species. Comparing butterflies that rapidly form new species to others that do not could benchmark how common this is in insects and highlight the factors involved. This, in turn, could identify any species that require closer conservation and possibly identify genes that are important in the adaptation process and might have uses in agriculture, medicine, or bioengineering. This research would not have been possible without global collaboration. We have one planet, and we must work together to understand and protect it."

This study was made possible by a large international collaboration. As well as those already mentioned, this work included researchers at Harvard University, USA, the Federal University of Pernambuco, Brazil, Technische Universitat Braunschweig, Germany, the University of York, the University of Bristol, Universite de Guyane, France, Universidad Nacional Mayor de San Marcos, Lima, Peru, Smithsonian Tropical Research Institute, Panama, University of Florida, USA, and Universite des Antilles, Paris, France. A full list of contributors and affiliations can be found in the publication.

This research includes funding from Wellcome and others. A full list of funding acknowledgements can be found in the publication.
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Woodpeckers thrive where missiles fly. How a bombing range became a wildlife refuge | ScienceDaily
Florida's Avon Park bombing range is teeming with life. Over 40 at-risk species occupy this 106,000-acre expanse used by the U.S. Air Force for training exercises.


						
Conservation biologists from Michigan State University are using the range to test something other than weapons: innovative strategies to save threatened species.

Using decades' worth of monitoring data, researchers are looking back through time to understand the outcome of interventions designed to rescue a population of imperiled red-cockaded woodpeckers.

What they've found is a promising story of success.

Their results, published in a special edition of (Proceedings of the National Academy of Sciences), demonstrate the potential for translocations -- the practice of moving individuals from donor populations to isolated, at-risk ones -- to reverse long-term population decline in endangered species. It's the latest study from MSU's Fitzpatrick Lab to analyze how translocation efforts can help restore connectivity between isolated populations and bring dwindling species back from the brink.

These findings emphasize how effective the careful introduction of new individuals can be in the short-term and in the years and decades ahead -- presenting a potential boon for threatened and endangered species.

When used in concert with land protection and management strategies such as controlled burns, interventions at the individual level can help dwindling communities recover.




Red-cockaded woodpeckers, once abundant from the American South to the Eastern seaboard, have disappeared alongside their pine savannah habitat, now confined to small, disconnected pockets covering only three percent of their historic range.

The overdevelopment of these ecosystems has placed hundreds of species -- including the red-cockaded woodpecker -- at risk of disappearing entirely.

"The only reason that these populations are still around is because of the continued collaborations and long-term investment in these imperiled species," explained Alex Lewanski, a graduate student at MSU and first author on the study.

The Avon Park Air Force Range contains over 35,000 acres of pine savannah, providing a well-protected band of habitat for threatened animals and a proving ground for complex conservation strategies.

The installation is one of 18 Sentinel Landscapes; protected areas around military installations where the Department of Defense and other federal agencies work with state governments and private stakeholders to meet conservation goals.

Leveraging this rare opportunity, researchers from Archbold Biological Station, in collaboration with the U.S. Fish and Wildlife Service and the U.S. Air Force, introduced fifty-four red cockaded woodpeckers from six donor populations into the range's pine savannahs between 1998 and 2016. Analyses revealed that translocations provided substantial and extended benefits, improving the population's size and overall genetic health.




MSU researchers determined that the introduced birds contributed directly to higher population counts, and that translocated birds and their descendants tended to have higher rates of survival and reproductive success.

The findings indicate that reproductive success is highly associated with total nesting years -- and translocated birds tended to nest for more years than locally hatched ones.

These positive effects persisted into the future along family lines. About 70 percent of the translocated woodpeckers survived in the population after their release, and many formed breeding pairs with local individuals, providing a boost to the genetic diversity of the population.

But complex population dynamics, changes which manifest across decades, and the sheer challenge of gathering high-resolution monitoring data makes gauging the effectiveness of translocation efforts difficult. The detail and length of this study, the authors explain, provide rare insights into the long-term effects of these strategies.

The team hopes that these positive results incentivize land managers to consider the long-term benefits of translocations and continued monitoring.

"It has the potential to act as an important component of managing many imperiled species," Lewanski said.

While the woodpeckers are benefitting from this extensive conservation project, these strategies, and the partnership which support them, have implications for other at-risk species, too.

In the future, Lewanski expects that genetic insights will play a growing role in tracking and evaluating conservation programs. Analysis of genetic material helps detect and minimize inbreeding and create highly detailed pedigrees for populations, reducing the burden of on-site monitoring programs to track bird nesting and reproduction.

Using genetic monitoring tools allows scientists and land managers to be more precise when deciding how and when to use translocations, according to Sarah Fitzpatrick, a professor at Michigan State University and senior author on the study.

Eventually, a combination of genomic analysis and on-site monitoring could provide tailor-made strategies for managers attempting translocations.

This study is the product of a partnership between Michigan State University, Archbold Biological Research Station, the U.S. Air Force, Department of Defense and the U.S. Fish and Wildlife Service.

Funding for managing and monitoring the Avon Park red-cockaded woodpeckers was provided by the DoD, the USAF, and the USFWS. Additional project support was provided by the National Defense Science & Engineering Graduate Fellowship from the Department of Defense and the National Science Foundation.
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Ancient bird droppings reveal a hidden extinction crisis | ScienceDaily
Researchers from the University of Adelaide, New Zealand's Manaaki Whenua-Landcare Research and University of Auckland have discovered that more than 80 per cent of parasites detected in kakapo poo prior to the 1990s are no longer present in contemporary populations.


						
The project used ancient DNA and microscopic techniques to sample faeces dating back more than 1500 years, with nine of 16 original parasite taxa disappearing prior to the 1990s, when the endangered parrot came under full-population management, and an additional four recorded as lost in the period since.

"Despite their sometimes negative portrayal, parasites are increasingly appreciated for their ecological importance," says the University of Adelaide's Dr Jamie Wood, who contributed to the study published in Current Biology.

"Parasites are among the planet's most ubiquitous, successful, and species-rich groups of organisms, and nearly all free-living species harbor some parasites. They may help with immune system development and compete to exclude foreign parasites that may be more harmful to their hosts."

"However, the dependence of parasites on living hosts may make them susceptible to extinction, especially as many parasites live with just one host species."

An extinction of a parasite that occurs in tandem with its host is known as a secondary extinction or a coextinction, and it often happens at a faster rate than for the host animal.

"Predictive models indicate that parasites may go extinct before their hosts during the coextinction process as opportunities to transmit between host individuals diminish," says Dr Wood.




"As a result, faunal declines may have a lasting impact on parasite communities, even if host populations eventually recover.

"Dependent species, like parasites, are rarely preserved or documented prior to their extinction, and so until now we have had few data to indicate the actual scale of the coextinction process.

"Our new research indicates that parasite extinctions may be far more prevalent than previous estimates suggest, with unknown impacts on their hosts and their ecosystems."

Lead author Alexander Boast, from Manaaki Whenua-Landcare Research, was surprised at the degree of parasite loss.

"The level of parasite loss in kakapo was greater than we had expected, and very few parasite species were found in both ancient and modern kakapo populations. Thus, it seems that endangered species everywhere may possess fractions of their original parasite communities," he says.

As we reckon with the impacts of biodiversity loss, Dr Wood says due attention should also be given to parasitic life.

"Global rates of climate change, ecosystem modification, and biodiversity decline continue to rise, which means there is an increasingly urgent need to recognize and understand the downstream impacts on dependent species, such as parasites, mutualists, or predators," he says.

"Documenting parasite extinction, how quickly it can unfold, and estimating the number of presently threatened parasites are key first steps toward a "global parasite conservation plan" and supporting informed predictions for past, present, and future parasite losses."
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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."
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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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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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Researchers discover key social factors that triple long COVID risk | ScienceDaily
Mass General Brigham investigators led a nationwide study that found that financial hardship, food insecurity, lack of healthcare access, and other social risk factors are linked to higher risks of long COVID.


						
Long COVID includes a wide range of symptoms that present or persist three or more months after SARS-CoV-2 infection. Although in recent years researchers have gained greater insight into the prevalence, symptoms and effects of long COVID through the longitudinal Researching COVID to Enhance Recovery (RECOVER) Initiative, social risk factors for developing long COVID remain incompletely understood. In a new analysis of the RECOVER-Adult cohort, Mass General Brigham researchers found a two- to three-times higher risk of long COVID in those with social risk factors, including financial hardship, food insecurity, experiences of medical discrimination, and skipped medical care due to cost. Findings are published in Annals of Internal Medicine.

"During the pandemic, we saw the overwhelming role that social risk factors played in determining who was infected with COVID-19 and what the severity and mortality from disease was," said lead author Candace Feldman, MD, MPH, ScD, of the Division of Rheumatology, Inflammation and Immunity at Brigham and Women's Hospital (BWH), a founding member of the Mass General Brigham healthcare system. "We wanted to understand whether those risk factors also play a significant role in the longer-term, chronic symptoms that can affect people months and even years after SARS-CoV-2 infection."

In this study, the researchers analyzed 3,700 participants from the RECOVER-Adult cohort, who had a SARS-CoV-2 infection during the Omicron variant outbreak, completed a baseline survey about social and economic factors at the time of infection, and completed a six-month follow-up survey assessing long COVID symptoms. The RECOVER-Adult participants were from 33 states, Washington, D.C., and Puerto Rico, and joined the study between October 2021 and November 2023.

In the baseline survey, the researchers assessed four major individual-level social risk factors: economic instability, education and language access barriers, health care access and quality challenges, and lack of social and community support using a series of questions and previously validated surveys. They also used ZIP code data to study area-level measures of risk, like household crowding.

After adjusting for variables including hospitalization for SARS-CoV-2 infection (as a marker of disease severity), vaccination history, pregnancy status, age, sex, race and ethnicity, the researchers found significant associations between nearly all the individual-level social risk factors studied and increased risk of developing long COVID. Furthermore, a greater number of social risk factors conferred a higher risk of long COVID. Living in areas with more household crowding was also associated with a greater risk of long COVID.

There was a significantly higher burden of social risk factors among racially or ethnically minoritized groups. However, the researchers found that social risk factors appeared to affect white, Black and Hispanic people's risks of long COVID similarly.




Going forward, RECOVER Initiative researchers hope to determine whether these findings extend to children with long COVID and whether certain long COVID symptoms may be linked to specific social risk factors. They also hope to study symptoms of COVID-19 lasting a year or longer to better understand how social factors might contribute to these symptoms' persistence.

"While rates of COVID-19 have decreased, long COVID is a chronic disease that many people still suffer from," said senior author Elizabeth Karlson, MD, MS, of the Division of Rheumatology, Inflammation and Immunity at BWH. "As with other chronic diseases, many different parts of people's social environment influence long COVID risk. Future interventions must address these factors to effectively reduce adverse outcomes among people with high burden of social risk factors."

Authorship: In addition to Feldman and Karlson, Mass General Brigham authors include Leah Santacroce, Ingrid V. Bassett, Tanayott Thaweethai, Yuri Quintana, Bruce D. Levy, and Cheryl R. Clark.

Additional authors include Radica Alicic, Rachel Atchley-Challenner, Alicia Chung, Mark P. Goldberg, Carol R. Horowitz, Karen B. Jacobson, J. Daniel Kelly, Stacey Knight, Karen Lutrick, Praveen Mudumbi, Sairam Parthasarathy, Heather Prendergast, Nasser Sharareh, Judd Shellito, Zaki A. Sherif, Brittany D. Taylor, Emily Taylor, Joel Tsevat, Zanthia Wiley, Natasha J. Williams, Lynn Yee, Lisa Aponte-Soto, Jhony Baissary, Jasmine Berry, Alexander W. Charney, Maged M. Costantine, Alexandria M. Duven, Nathaniel Erdmann, Kacey C. Ernst, Elen M. Feuerriegel, Valerie J. Flaherman, Minjoung Go, Kellie Hawkins, Vanessa Jacoby, Janice John, Sara Kelly, Elijah Kindred, Adeyinka Laiyemo, Emily B. Levitan, Jennifer K. Logue, Jai G. Marathe, Jeffrey N. Martin, Grace A. McComsey, Torri D. Metz, Tony Minor, Aoyjai P. Montgomery, Janet M. Mullington, Igho Ofotukun, Megumi J. Okumura, Michael J. Peluso, Kristen Pogreba-Brown, Hengameh Raissy, Johana M. Rosas, Upinder Singh, Timothy VanWagoner.

Disclosures: Feldman receives grant support to her institution for health equity research and consults for several organizations on unrelated content. Knight receives research funding from Janssen. Alicic, Parthasarathy, Aponte-Soto, Singh, Levitan, and Mullington receive NIH or other research funding or consulting support unrelated to this manuscript.

Funding: This study was funded in part by the National Institutes of Health (OTA OT2HL161841, OTA OT2HL161847, and OTA OT2HL156812).
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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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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        The Earth didn't just crack, it curved. "It sent chills down my spine!"
        A surprising discovery emerged from a security camera video taken during Myanmar's recent magnitude 7.7 earthquake. While the footage initially drew attention for showing the dramatic fault movement, scientists soon realized it revealed something never captured before: curved fault slip.

      

      
        Scientists create mysterious molecule that could spark life in space
        Scientists have successfully synthesized methanetetrol, an incredibly unstable and previously elusive compound thought to be a key ingredient in the chemical evolution of life. Described as a "prebiotic concentrate" or even a "prebiotic bomb," this molecule could represent a crucial step in the cosmic recipe for life.

      

      
        DNA from the deep reveals a hidden ocean "superhighway"
        Deep beneath the ocean's surface, a groundbreaking DNA study reveals that the deep sea is far more globally connected than once thought. By analyzing thousands of brittle stars preserved in museum collections, scientists discovered these ancient creatures have silently migrated across the planet's seafloor for millions of years, forming a vast evolutionary network from Iceland to Tasmania.

      

      
        Scientists found the gene that makes Aussie skinks immune to deadly snake venom
        Australian skinks have developed a remarkable genetic defense against venomous snake bites by mutating a key muscle receptor, making them resistant to neurotoxins. These tiny but powerful molecular changes mirror those found in cobra-resistant mammals like mongooses and honey badgers. This evolutionary arms race not only shows how adaptable life can be but also offers exciting possibilities for creating new antivenoms and therapies in human medicine.

      

      
        Can humans regrow eyes? These snails already do
        Apple snails can fully regrow their eyes, and their genes and eye structures are strikingly similar to humans. Scientists mapped the regeneration process and used CRISPR to identify genes, including pax6, as essential to eye development, raising hopes for future human vision restoration.

      

      
        This common fruit has over 1,600 compounds that boost brain, heart, and gut health
        Fresh grapes contain a potent mix of over 1,600 compounds that benefit heart, brain, skin, and gut health. New evidence suggests they deserve official superfood recognition, with benefits even at the genetic level.

      

      
        Crushing vs. Slashing: New skull scans reveal how giant dinosaurs killed
        Tyrannosaurus rex might be the most famous meat-eater of all time, but it turns out it wasn't the only way to be a terrifying giant. New research shows that while T. rex evolved a skull designed for bone-crushing bites like a modern crocodile, other massive carnivorous dinosaurs like spinosaurs and allosaurs took a very different route -- specializing in slashing and tearing flesh instead.

      

      
        Scientists reexamine 47-year-old fossil and discover a new Jurassic sea monster
        A new long-necked marine reptile, Plesionectes longicollum, has been identified from a decades-old fossil found in Germany's Posidonia Shale. The remarkably preserved specimen rewrites part of the Jurassic marine story, revealing unexpected diversity during a time of oceanic chaos. It is now the oldest known plesiosaur from Holzmaden.

      

      
        AI cracks a meteorite's secret: A material that defies heat
        A rare mineral from a 1724 meteorite defies the rules of heat flow, acting like both a crystal and a glass. Thanks to AI and quantum physics, researchers uncovered its bizarre ability to maintain constant thermal conductivity, a breakthrough that could revolutionize heat management in technology and industry.

      

      
        Johns Hopkins scientists grow a mini human brain that lights up and connects like the real thing
        Scientists at Johns Hopkins have grown a first-of-its-kind organoid mimicking an entire human brain, complete with rudimentary blood vessels and neural activity. This new "multi-region brain organoid" connects different brain parts, producing electrical signals and simulating early brain development. By watching these mini-brains evolve, researchers hope to uncover how conditions like autism or schizophrenia arise, and even test treatments in ways never before possible with animal models.

      

      
        Woodpeckers thrive where missiles fly. How a bombing range became a wildlife refuge
        In a surprising twist of conservation success, a U.S. Air Force bombing range in Florida has become a sanctuary for endangered species like the red-cockaded woodpecker. Michigan State University researchers used decades of monitoring data to study the impact of moving birds from healthier populations to struggling ones. The outcome? A powerful success story showing that with long-term commitment, strategic partnerships, and smart interventions like controlled burns and translocations, even isolat...

      

      
        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.

      

      
        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.
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The Earth didn't just crack, it curved. "It sent chills down my spine!" | ScienceDaily
Dramatic CCTV video of fault slip during a recent large earthquake in Myanmar thrilled both scientists and casual observers when it was posted to YouTube. But it was on his fifth or sixth viewing, said geophysicist Jesse Kearse, that he spotted something even more exciting.


						
When Kearse and his colleague Yoshihiro Kaneko at Kyoto University analyzed the video more carefully, they concluded that it had captured the first direct visual evidence of curved fault slip.

Earthquake geologists often observe curved slickenlines, the scrape marks created by blocks of rock moving past each other during faulting. But until now there has been no visual proof of the curved slip that might create these slickenlines.

The video confirmation of curved fault slip can help researchers create better dynamic models of how faults rupture, Kearse and Kaneko conclude in their paper published in The Seismic Record. (See video below.)

The video comes from a CCTV security camera recording along the trace of Myanmar's Sagaing Fault, which ruptured 28 March in a magnitude 7.7 earthquake. The camera was placed about 20 meters to the east of the fault and was 120 kilometers away from the earthquake's hypocenter.

The resulting video is astonishing. A fault in motion as never seen before -- shaking followed by a visible northward slide of the land on the western side of the fault.

"I saw this on YouTube an hour or two after it was uploaded, and it sent chills down my spine straight away," Kearse recalled. "It shows something that I think every earthquake scientist has been desperate to see, and it was just right there, so very exciting."

Watching it over and over again, he noticed something else.




"Instead of things moving straight across the video screen, they moved along a curved path that has a convexity downwards, which instantly started bells ringing in my head," Kearse said, "because some of my previous research has been specifically on curvature of fault slip, but from the geological record."

Kearse had studied curved slickenlines associated with other earthquakes, such as the 2016 magnitude 7.8 Kaikoura earthquake in New Zealand, and their implications for understanding how faults rupture.

With the Myanmar video, "we set about to quantify the movement a bit more carefully, to extract objective quantitative information from the video rather than just pointing at it to say, look, it's curved," he said.



The researchers decided to track the movement of objects in the video by pixel cross correlation, frame by frame. The analysis helped them measure the rate and direction of fault motion during the earthquake.

They conclude that the fault slipped 2.5 meters for roughly 1.3 seconds, at a peak velocity of about 3.2 meters per second. This shows that the earthquake was pulse-like, which is a major discovery and confirms previous inferences made from seismic waveforms of other earthquakes. In addition, most of the fault motion is strike-slip, with a brief dip-slip component.




The slip curves rapidly at first, as it accelerates to top velocity, then remains linear as the slip slows down, the researchers found.

The pattern fits with what earthquake scientists had previously proposed about slip curvature, that it might occur in part because stresses on the fault near the ground surface are relatively low. "The dynamic stresses of the earthquake as it's approaching and begins to rupture the fault near the ground surface are able to induce an obliquity to the fault movement," said Kearse.

"These transient stresses push the fault off its intended course initially, and then it catches itself and does what it's supposed to do, after that."

The researchers previously concluded that the type of slip curvature -- whether it curves in one direction, or in the other -- is dependent on the direction that the rupture travels, and is consistent with the north to south rupture of the Myanmar earthquake. This means that slickenlines can record the dynamics of past earthquakes, which can be useful for understanding future seismic risks.
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Scientists create mysterious molecule that could spark life in space | ScienceDaily
Researchers have for the first time isolated a compound that could open new doors in understanding the chemistry that supports life in space.


						
Ryan Fortenberry, an astrochemist at the University of Mississippi, Ralf Kaiser, professor of chemistry at the University of Hawaii at Manoa, and Alexander M. Mebel, computational chemist at Florida International University, are part of an international team that synthesized methanetetrol for the first time. They published their research on the elusive compound in the journal Nature Communications.

"This is essentially a prebiotic concentrate -- a seed of life molecule," Fortenberry said. "It's something that can lead to more complex chemistry if given the opportunity. Think of it like an acorn that will grow into a tree in the Grove.

"The acorn alone cannot make a tree; it requires sunlight and water and lots of other things. But it can be what starts the process."

Methanetetrol is an ortho acid - an elusive class of compounds that are particularly difficult to isolate and study but are thought to play a key role in early life chemistry.

To mimic how methanetetrol might form in space, the researchers froze water and carbon dioxide ices to near absolute zero and exposed them to cosmic ray-like radiation. This process allowed them to release the molecule into gas form and identify it using powerful ultraviolet light.

"The detection of the only alcohol with four hydroxyl groups at the same carbon atom pushes the experimental and detection capabilities to the 'final frontier,' the next level beyond what could be accomplished before due to the lack of experimental and computational approaches," said Kaiser, whose lab has been trying to isolate methanetetrol for more than five years.




Since methanetetrol has so many oxygen bonds - and because oxygen does not like to bond close to other oxygens - the compound is very unstable, meaning it is likely to break down if it is not kept in the right conditions.

"You have this compact, carbon-oxygen molecule that just really wants to go 'boom,'" Fortenberry said. "And when it does, when you give it any kind of energy, you'll have water, hydrogen peroxide and a number of other potential compounds that are important for life.

"It's a like a prebiotic bomb."

If the molecule can form in the lab, it can also form in space, the authors said. This makes the compound particularly interesting to astrochemists who are looking for potential life-supporting regions.

"While carbon is the building block of life, oxygen is what makes up nearly everything else," Fortenberry said. "Oxygen is everywhere and is essential for life as we know it.

"So, if we can find places where methanetetrol forms naturally, we know that it is a place that has the potential building blocks to support life."

This material is based on work supported by the National Science Foundation grants AST-2403867.
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DNA from the deep reveals a hidden ocean "superhighway" | ScienceDaily
A world-first study led by Museums Victoria Research Institute has revealed that beneath the cold, dark, pressurized world of the deep sea, marine life is far more globally connected than previously imagined.


						
Published on July 23 in Nature, this landmark study maps the global distribution and evolutionary relationships of brittle stars (Ophiuroidea), the ancient, spiny animals found from shallow coastal waters to the deepest abyssal plains, and from the equator to the poles.

By analyzing the DNA of thousands of specimens collected on hundreds of research voyages and preserved in natural history museums around the world, scientists have uncovered how these deep-sea invertebrates have quietly migrated across entire oceans over millions of years, linking ecosystems from Iceland to Tasmania.

This unprecedented dataset offers powerful new insights into how marine life has evolved and dispersed across the oceans over the past 100 million years.

"You might think of the deep sea as remote and isolated, but for many animals on the seafloor, it's actually a connected superhighway," said Dr Tim O'Hara, Senior Curator of Marine Invertebrates at Museums Victoria Research Institute and lead author of the study.

"Over long timescales, deep-sea species have expanded their ranges by thousands of kilometers. This connectivity is a global phenomenon that's gone unnoticed, until now."

This is the most comprehensive study of its kind, using DNA from 2,699 brittle star specimens housed in 48 natural history museums across the globe. These animals which have lived on Earth for over 480 million years are found on all ocean floors, including at depths of more than 3,500 meters.




Unlike marine life in shallow waters, which is restricted by temperature boundaries, deep-sea environments are more stable and allow species to disperse over vast distances. Many brittle stars produce yolk-rich larvae that can drift on deep ocean currents for extended periods, giving them the ability to colonize far-flung regions.

"These animals don't have fins or wings, but they've still managed to span entire oceans," said Dr O'Hara. "The secret lies in their biology - their larvae can survive for a long time in cold water, hitching a ride on slow-moving deep-sea currents."

The research shows that deep-sea communities, particularly at temperate latitudes, are more closely related across regions than their shallow-water counterparts. For example, marine animals found off southern Australia share close evolutionary links with those in the North Atlantic, on the other side of the planet.

Yet, the deep sea is not uniform. While species can spread widely, factors such as extinction events, environmental change, and geography have created a patchwork of biodiversity across the seafloor.

"It's a paradox. The deep sea is highly connected, but also incredibly fragile," said Dr O'Hara. "Understanding how life is distributed and moves through this vast environment is essential if we want to protect it, especially as threats from deep-sea mining and climate change increase."

This research not only transforms our understanding of deep-sea evolution but also highlights the enduring scientific value of museum collections. The DNA analysed in this study came from specimens collected during 332 research voyages, many undertaken decades ago, and preserved in institutions including Museums Victoria's Research Institute.

"This is science on a global scale," said Lynley Crosswell, CEO and Director of Museums Victoria. "It demonstrates how museums, through international collaboration and the preservation of biodiversity specimens, can unlock new knowledge about our planet's past and help shape its future."

This world-leading project was made possible through partnerships with more than 40 institutions globally, spanning natural history museums, universities and marine research organizations including support via grants of sea time on RV Investigator from Australia's CSIRO Marine National Facility.
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Scientists found the gene that makes Aussie skinks immune to deadly snake venom | ScienceDaily
A University of Queensland-led study has found Australian skinks have evolved molecular armor to stop snake venom from shutting down their muscles.


						
Professor Bryan Fry from UQ's School of the Environment said revealing exactly how skinks dodge death could inform biomedical approaches to treating snakebite in people.

"What we saw in skinks was evolution at its most ingenious," Professor Fry said.

"Australian skinks have evolved tiny changes in a critical muscle receptor, called the nicotinic acetylcholine receptor.

"This receptor is normally the target of neurotoxins which bind to it and block nerve-muscle communication causing rapid paralysis and death.

"But in a stunning example of a natural counterpunch, we found that on 25 occasions skinks independently developed mutations at that binding site to block venom from attaching.

"It's a testament to the massive evolutionary pressure than venomous snakes exerted after their arrival and spread across the Australian continent, when they would have feasted on the defenseless lizards of the day.




"Incredibly, the same mutations evolved in other animals like mongooses which feed on cobras.

"We confirmed with our functional testing that Australia's Major Skink (Bellatorias frerei) has evolved exactly the same resistance mutation that gives the honey badger it's famous resistance to cobra venom.

"To see this same type of resistance evolve in a lizard and a mammal is quite remarkable - evolution keeps hitting the same molecular bullseye."

The muscle receptor mutations in the skinks included a mechanism to add sugar molecules to physically block toxins and the substitution of a protein building block (amino acid arginine at position 187).

The laboratory work validating the mutations was carried out at UQ's Adaptive Biotoxicology Laboratory by Dr Uthpala Chandrasekara who said it was incredible to witness.

"We used synthetic peptides and receptor models to mimic what happens when venom enters an animal at the molecular level and the data was crystal clear, some of the modified receptors simply didn't respond at all," said Dr Chandrasekara.




"It's fascinating to think that one tiny change in a protein can mean the difference between life and death when facing a highly venomous predator."

The findings could one day inform the development of novel antivenoms or therapeutic agents to counter neurotoxic venoms.

"Understanding how nature neutralizes venom can offer clues for biomedical innovation," Dr Chandrasekara said.

"The more we learn about how venom resistance works in nature, the more tools we have for the design of novel antivenoms."

The project included collaborations with museums across Australia.

The research has been published in International Journal of Molecular Sciences.
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Can humans regrow eyes? These snails already do | ScienceDaily
Human eyes are complex and irreparable, yet they are structurally like those of the freshwater apple snail, which can completely regenerate its eyes. Alice Accorsi, assistant professor of molecular and cellular biology at the University of California, Davis, studies how these snails regrow their eyes -- with the goal of eventually helping to restore vision in people with eye injuries.


						
In a new study published August 6 in Nature Communications, Accorsi shows that apple snail and human eyes share many anatomical and genetic features.

"Apple snails are an extraordinary organism," said Accorsi. "They provide a unique opportunity to study regeneration of complex sensory organs. Before this, we were missing a system for studying full eye regeneration."

Her team also developed methods for editing the apple snail's genome, which will allow them to explore the genetic and molecular mechanisms behind eye regeneration.

A not-so-snail's paced snail

The golden apple snail (Pomacea canaliculata) is a freshwater snail speciesfrom South America. It's now invasive in many places throughout the rest of the world, but Accorsi said the same traits that make apple snails so invasive also make them a good animal to work with in the lab.

"Apple snails are resilient, their generation time is very short, and they have a lot of babies," she said.




In addition to being easy to grow in the lab, apple snails have "camera-type" eyes -- the same type as humans.

Snails have been known for their regenerative abilities for centuries -- in 1766, a researcher noted that decapitated garden snails can regrow their entire heads. However, Accorsi is the first to leverage this feature in regenerative research.

"When I started reading about this, I was asking myself, why isn't anybody already using snails to study regeneration?" said Accorsi. "I think it's because we just hadn't found the perfect snail to study, until now. A lot of other snails are difficult or very slow to breed in the lab, and many species also go through metamorphosis, which presents an extra challenge."

Eyes like a camera

There are many types of eyes in the animal kingdom, but camera-types eyes are known for producing particularly high-resolution images. They consist of a protective cornea, a lens for focusing light and a retina that contains millions of light-detecting photoreceptor cells. They are found in all vertebrates, some spiders, squid and octopi, and some snails.

Using a combination of dissections, microscopy and genomic analysis, Accorsi's team showed that the apple snail's eyes are anatomically and genetically similar to human eyes.




"We did a lot of work to show that many genes that participate in human eye development are also present in the snail," Accorsi said. "After regeneration, the morphology and gene expression of the new eye is pretty much identical to the original one."

How to regrow an eye

So, how do the snails regrow their eyes after amputation? The researchers showed that the process takes about a month and consists of several phases. First, the wound must heal to prevent infection and fluid loss, which usually takes around 24 hours. Then, unspecialized cells migrate and proliferate in the area. Over the course of about a week and a half, these cells specialize and begin to form eye structures including the lens and retina. By day 15 post-amputation, all of the eye's structures are present, including the optic nerve, but these structures continue to mature and grow for several more weeks.

"We still don't have conclusive evidence that they can see images, but anatomically, they have all the components that are needed to form an image," said Accorsi. "It would be very interesting to develop a behavioral assay to show that the snails can process stimuli using their new eyes in the same way as they were doing with their original eyes. That's something we're working on."

The team also investigated which genes were active during the regeneration process. They showed that immediately after amputation, the snails had about 9,000 genes that were expressed at different rates compared to normal adult snail eyes. After 28 days, 1,175 genes were still expressed differently in the regenerated eye, which suggests that although the eyes look fully developed after a month, complete maturation might take longer.

Genes for regeneration

To better understand how genes regulate regeneration, Accorsi developed methods to edit the snails' genome using CRISPR-Cas9.

"The idea is that we mutate specific genes and then see what effect it has on the animal, which can help us understand the function of different parts of the genome," said Accorsi.

As a first test, the team used CRISPR/Cas9 to mutate a gene called pax6 in snail embryos. Pax6 is known to control the development and organization of brain and eye in humans, mice and fruit flies. Like humans, snails have two copies of each gene - one from each parent. The researchers showed that when apple snails have two non-functional versions of pax6, they develop without eyes, which shows that pax6 is also essential for initial eye development in apple snails.

Accorsi is working on the next step: testing whether pax6 also plays a role in eye regeneration. To determine this, researchers will need to mutate or turn off pax6 in adult snails and then test their regenerative ability.

She is also investigating other eye-related genes, including genes that encode specific parts of the eye, like the lens or retina, and genes that control pax6.

"If we find a set of genes that are important for eye regeneration, and these genes are also present in vertebrates, in theory we could activate them to enable eye regeneration in humans," said Accorsi.

Additional authors on the study are Asmita Gattamraju of UC Davis, and Brenda Pardo, Eric Ross, Timothy J. Corbin, Melainia McClain, Kyle Weaver, Kym Delventhal, Jason A. Morrison, Mary Cathleen McKinney, Sean A. McKinney and Alejandro Sanchez Alvarado of the Stowers Institute for Medical Research. Accorsi performed most of the research for this study at Stowers Institute for Medical Research, where she worked as a postdoctoral fellow before joining UC Davis in 2024.

The study was funded by the Howard Hughes Medical Institute, the Society for Developmental Biology, the American Association for Anatomy and the Stowers Institute for Medical Research.
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This common fruit has over 1,600 compounds that boost brain, heart, and gut health | ScienceDaily

As noted in the article, the term "superfood" is a common word without an official definition or established criteria. Mainstream superfoods are typically part of the Mediterranean Diet and generally rich in natural plant compounds that are beneficial to a person's health. Pezzuto addresses the broader topic of superfoods in detail, then makes the scientific case for grapes, noting that fresh grapes are underplayed in this arena and often not included with mention of other similar foods, such as berries.

Grapes are a natural source of over 1,600 compounds, including antioxidants and other polyphenols such as flavonoids, anthocyanidins, catechins, phenolic acids, resveratrol, and more. Polyphenols are credited with the health benefits of grapes, via antioxidant activity and influencing cellular processes. It is the whole grape and the unique matrix of these compounds within it that creates the biological effects, not a single component.

Over sixty peer-reviewed studies have been published in the scientific literature on grapes and health. The role of grapes on cardiovascular health is well established, including promoting relaxation of blood vessels and healthy circulation, as well as modulating cholesterol levels. Clinical trials also show that grapes support brain health (help maintain healthy brain metabolism and beneficial impacts on cognition), skin health (enhanced resistance to UV radiation and DNA damage in skin cells), gut health (modulating the gut microbiome and increasing diversity in the gut), and eye health (retinal impact via increase in macular pigment optical density). Finally, in the realm of nutrigenomics - the study of foods on gene expression in the body - grape consumption has been shown to positively alter gene expression in relevant body systems. Pezzuto suggests that it is these activities at the genetic level that are likely the driving force behind the health benefits of grapes.

"Dr. Pezzuto shows that based on the science, grapes are indeed a superfood, and should be recognized as such," said Ian LeMay, president of the California Table Grape Commission, "and we are hopeful that using this nomenclature in association with grapes becomes common practice. Luckily, whether consumed for health or sheer enjoyment as a healthy snack, eating California grapes is a win for consumers."
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Crushing vs. Slashing: New skull scans reveal how giant dinosaurs killed | ScienceDaily
A new analysis of the bite strength of 18 species of carnivorous dinosaurs shows that while the Tyrannasaurus rex skull was optimized for quick, strong bites like a crocodile, other giant, predatory dinosaurs that walked on two legs -- including spinosaurs and allosaurs -- had much weaker bites and instead specialized in slashing and ripping flesh. Reported in the Cell Press journal Current Biology on August 4, these findings demonstrate that meat-eating dinosaurs followed different evolutionary paths in terms of skull design and feeding style despite their similarly gigantic sizes.


						
"Carnivorous dinosaurs took very different paths as they evolved into giants in terms of feeding biomechanics and possible behaviors," said Andrew Rowe of the University of Bristol, UK.

"Tyrannosaurs evolved skulls built for strength and crushing bites, while other lineages had comparatively weaker but more specialized skulls, suggesting a diversity of feeding strategies even at massive sizes. In other words, there wasn't one 'best' skull design for being a predatory giant; several designs functioned perfectly well."

Rowe has always been fascinated by big carnivorous dinosaurs, and he considers them interesting subjects for exploring basic questions in organismal biology. In this study, he and co-author Emily Rayfield wanted to know how bipedalism -- or walking on two legs -- influenced skull biomechanics and feeding techniques.

It was previously known that despite reaching similar sizes, predatory dinosaurs evolved in very different parts of the world at different times and had very different skull shapes. For Rowe and Rayfield, those facts raised questions about whether their skulls were functionally similar under the surface or if there were notable differences in their predatory lifestyles. As there are no massive, bipedal carnivores alive today -- ever since the end-Cretaceous mass extinction event -- the authors note that studying these animals offers intriguing insights into a way of life which has since disappeared.

To examine the relationship between body size and skull biomechanics, the authors used 3D technologies including CT scans and surface scans analyze the skull mechanics, quantify the feeding performance, and measure the bite strength across 18 species of therapod, a group of carnivorous dinosaurs ranging from small to giant. While they expected some differences between species, they were surprised when their analyses showed clear biomechanical divergence.

"Tyrannosaurids like T. rex had skulls that were optimized for high bite forces at the cost of higher skull stress," Rowe says. "But in some other giants, like Giganotosaurus, we calculated stress patterns suggesting a relatively lighter bite. It drove home how evolution can produce multiple 'solutions' to life as a large, carnivorous biped."

Skull stress didn't show a pattern of increase with size. Some smaller therapods experienced greater stress than some larger species due to increased muscle volume and bite forces. The findings show that being a predatory biped didn't always equate to being a bone-crushing giant. Unlike T. rex, some dinosaurs, including the spinosaurs and allosaurs, became giants while maintaining weaker bites more suited for slashing at prey and stripping flesh.

"I tend to compare Allosaurus to a modern Komodo dragon in terms of feeding style," Rowe says. "Large tyrannosaur skulls were instead optimized like modern crocodiles with high bite forces that crushed prey. This biomechanical diversity suggests that dinosaur ecosystems supported a wider range of giant carnivore ecologies than we often assume, with less competition and more specialization."

This research was supported by funding from the Biotechnology and Biological Sciences Research Council.
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Scientists reexamine 47-year-old fossil and discover a new Jurassic sea monster | ScienceDaily
Paleontologists have identified a new species of ancient marine reptile from Germany's world-renowned Posidonia Shale fossil beds, expanding our understanding of prehistoric ocean ecosystems that existed nearly 183 million years ago.


						
The newly classified species, named Plesionectes longicollum ("long-necked near-swimmer"), represents a previously unknown type of plesiosauroid -- the group of long-necked marine reptiles that inhabited Earth's oceans during the age of dinosaurs. The specimen is a nearly complete skeleton that even preserves remnants of fossilized soft tissue. It was originally excavated in 1978 from a quarry in Holzmaden, Southwest Germany, but its unique anatomical features have only now been fully recognized through comprehensive scientific analysis.

"This specimen has been in collections for decades, but previous studies never fully explored its distinctive anatomy," said Sven Sachs of the Naturkunde-Museum Bielefeld, the study's lead author. "Our detailed examination revealed an unusual combination of skeletal features that clearly distinguish it from all previously known plesiosaurs."

The research, published by Sven Sachs and co-author Dr. Daniel Madzia from the Polish Academy of Sciences, demonstrates that the Posidonia Shale -- already famous for its exceptionally preserved fossils -- contained even greater marine reptile diversity than previously recognized.

The Plesionectes specimen is particularly significant as it represents the oldest known plesiosaur from the Holzmaden area. Despite being an immature individual, its distinctive anatomical characteristics were not significantly affected by its developmental stage, warranting classification as an entirely new genus and species.

"This discovery adds another piece to the puzzle of marine ecosystem evolution during a critical time in Earth's history," explained Dr. Madzia. "The early Toarcian period when this animal lived was marked by significant environmental changes, including a major oceanic anoxic event that affected marine life worldwide."

The fossil is permanently housed at the Staatliches Museum fur Naturkunde Stuttgart (Stuttgart State Museum of Natural History) where it is cataloged as specimen SMNS 51945.

The Posidonia Shale at Holzmaden has previously yielded five other plesiosaur species, including representatives from all three major plesiosaur lineages. This new addition further cements the formation's status as one of the world's most important windows into Jurassic marine life.
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AI cracks a meteorite's secret: A material that defies heat | ScienceDaily
Crystals and glasses have opposite heat-conduction properties, which play a pivotal role in a variety of technologies. These range from the miniaturization and efficiency of electronic devices to waste-heat recovery systems, as well as the lifespan of thermal shields for aerospace applications.


						
The problem of optimizing the performance and durability of materials used in these different applications essentially boils down to fundamentally understanding how their chemical composition and atomic structure (e.g., crystalline, glassy, nanostructured) determine their capability to conduct heat. Michele Simoncelli, assistant professor of applied physics and applied mathematics at Columbia Engineering, tackles this problem from first principles -- i.e., in Aristotle's words, in terms of "the first basis from which a thing is known" -- starting from the fundamental equations of quantum mechanics and leveraging machine-learning techniques to solve them with quantitative accuracy.

In research published on July 11 in the Proceedings of the National Academy of Sciences, Simoncelli and his collaborators Nicola Marzari from the Swiss Federal Technology Institute of Lausanne and Francesco Mauri from Sapienza University of Rome predicted the existence of a material with hybrid crystal-glass thermal properties, and a team of experimentalists led by Etienne Balan, Daniele Fournier, and Massimiliano Marangolo from the Sorbonne University in Paris confirmed it with measurements.

The first of its kind, this material was discovered in meteorites and has also been identified on Mars. The fundamental physics driving this behavior could advance our understanding and design of materials that manage heat under extreme temperature differences -- and, more broadly, provide insight into the thermal history of planets.

A unified theory of thermal transport in atomically ordered crystals and disordered glasses

Thermal conduction depends on whether a material is crystalline, with an ordered lattice of atoms, or glassy, with a disordered, amorphous structure, which influences how heat flows at the quantum level-broadly speaking, thermal conduction in crystals typically decreases with increasing temperature, while in glasses it increases upon heating.

In 2019, Simoncelli, Nicola Marzari, and Francesco Mauri derived a single equation that captures the opposite thermal-conductivity trends observed in crystals and glasses -- and, most importantly, also describes the intermediate behavior of defective or partially disordered materials, such as those used in thermoelectrics for waste-heat recovery, perovskite solar cells, and thermal barrier coatings for heat shields.




Using this equation, they investigated the relationship between atomic structure and thermal conductivity in materials made from silicon dioxide, one of the main components of sand. They predicted that a particular "tridymite" form of silicon dioxide, described in the 1960s as typical of meteorites, would exhibit the hallmarks of a hybrid crystal-glass material with a thermal conductivity that remains unchanged with temperature. This unusual thermal-transport behavior bears analogies with the invar effect in thermal expansion, for which the Nobel Prize in Physics was awarded in 1920.

That led the team to the experimental groups of Etienne Balan, Daniele Fournier, and Massimiliano Marangolo in France, who obtained special permission from the National Museum of Natural History in Paris to perform experiments on a sample of silica tridymite carved from a meteorite that landed in Steinbach, Germany, in 1724. Their experiments confirmed their predictions: meteoric tridymite has an atomic structure that falls between an orderly crystal and disordered glass, and its thermal conductivity remains essentially constant over the experimentally accessible temperature range of 80 K to 380 K.

Upon further investigation, the team also predicted that this material could form from decade-long thermal aging in refractory bricks used in furnaces for steel production. Steel is one of the most essential materials in modern society, but producing it is carbon-intensive: just 1 kg of steel emits approximately 1.3 kg of carbon dioxide, with the nearly 1 billion tons produced each year accounting for about7% of carbon emissions in the U.S. Materials derived from tridymite could be used to more efficiently control the intense heat involved in steel production, helping to reduce the steel industry's carbon footprint.

Future: from AI-driven solutions of first-principles theories to real-world technologies

In this new PNAS paper, Simoncelli employed machine-learning methods to overcome the computational bottlenecks of traditional first-principles methods and simulate atomic properties that influence heat transport with quantum-level accuracy. The quantum mechanisms that govern heat flow through hybrid crystal-glass materials may also help us understand the behavior of other excitations in solids, such as charge-carrying electrons and spin-carrying magnons. Research on these topics is shaping emerging technologies, including wearable devices powered by thermoelectrics, neuromorphic computing, and spintronic devices that exploit magnetic excitations for information processing.

Simoncelli's group at Columbia is exploring these topics, structured around three core pillars: the formulation of first-principles theories to predict experimental observables, the development of AI simulation methods for quantitatively accurate predictions of materials properties, and the application of theory and methods to design and discover materials to overcome targeted industrial or engineering challenges.
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Johns Hopkins scientists grow a mini human brain that lights up and connects like the real thing | ScienceDaily
Johns Hopkins University researchers have grown a novel whole-brain organoid, complete with neural tissues and rudimentary blood vessels -- an advance that could usher in a new era of research into neuropsychiatric disorders such as autism.


						
"We've made the next generation of brain organoids," said lead author Annie Kathuria, an assistant professor in JHU's Department of Biomedical Engineering who studies brain development and neuropsychiatric disorders. "Most brain organoids that you see in papers are one brain region, like the cortex or the hindbrain or midbrain. We've grown a rudimentary whole-brain organoid; we call it the multi-region brain organoid (MRBO)."

The research, published in Advanced Science, marks one of the first times scientists have been able to generate an organoid with tissues from each region of the brain connected and acting in concert. Having a human cell-based model of the brain will open possibilities for studying schizophrenia, autism, and other neurological diseases that affect the whole brain -- work that typically is conducted in animal models.

To generate a whole-brain organoid, Kathuria and members of her team first grew neural cells from the separate regions of the brain and rudimentary forms of blood vessels in separate lab dishes. The researchers then stuck the individual parts together with sticky proteins that act as a biological superglue and allowed the tissues to form connections. As the tissues began to grow together, they started producing electrical activity and responding as a network.

The multi-region mini brain organoid retained a broad range of types of neuronal cells, with characteristics resembling a brain in a 40-day-old human fetus. Some 80% of the range of types of cells normally seen at the early stages of human brain development was equally expressed in the laboratory-crafted miniaturized brains. Much smaller compared to a real brain -- weighing in at 6 million to 7 million neurons compared with tens of billions in adult brains -- these organoids provide a unique platform on which to study whole-brain development.

The researchers also saw the creation of an early blood-brain barrier formation, a layer of cells that surround the brain and control which molecules can pass through.

"We need to study models with human cells if you want to understand neurodevelopmental disorders or neuropsychiatric disorders, but I can't ask a person to let me take a peek at their brain just to study autism," Kathuria said. "Whole-brain organoids let us watch disorders develop in real time, see if treatments work, and even tailor therapies to individual patients."

Using whole-brain organoids to test experimental drugs may also help improve the rate of clinical trial success, researchers said. Roughly 85% to 90% of drugs fail during Phase 1 clinical trials. For neuropsychiatric drugs, the fail rate is closer to 96%. This is because scientists predominantly study animal models during the early stages of drug development. Whole-brain organoids more closely resemble the natural development of a human brain and likely will make better test subjects.

"Diseases such as schizophrenia, autism, and Alzheimer's affect the whole brain, not just one part of the brain. If you can understand what goes wrong early in development, we may be able to find new targets for drug screening," Kathuria said. "We can test new drugs or treatments on the organoids and determine whether they're actually having an impact on the organoids."
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Woodpeckers thrive where missiles fly. How a bombing range became a wildlife refuge | ScienceDaily
Florida's Avon Park bombing range is teeming with life. Over 40 at-risk species occupy this 106,000-acre expanse used by the U.S. Air Force for training exercises.


						
Conservation biologists from Michigan State University are using the range to test something other than weapons: innovative strategies to save threatened species.

Using decades' worth of monitoring data, researchers are looking back through time to understand the outcome of interventions designed to rescue a population of imperiled red-cockaded woodpeckers.

What they've found is a promising story of success.

Their results, published in a special edition of (Proceedings of the National Academy of Sciences), demonstrate the potential for translocations -- the practice of moving individuals from donor populations to isolated, at-risk ones -- to reverse long-term population decline in endangered species. It's the latest study from MSU's Fitzpatrick Lab to analyze how translocation efforts can help restore connectivity between isolated populations and bring dwindling species back from the brink.

These findings emphasize how effective the careful introduction of new individuals can be in the short-term and in the years and decades ahead -- presenting a potential boon for threatened and endangered species.

When used in concert with land protection and management strategies such as controlled burns, interventions at the individual level can help dwindling communities recover.




Red-cockaded woodpeckers, once abundant from the American South to the Eastern seaboard, have disappeared alongside their pine savannah habitat, now confined to small, disconnected pockets covering only three percent of their historic range.

The overdevelopment of these ecosystems has placed hundreds of species -- including the red-cockaded woodpecker -- at risk of disappearing entirely.

"The only reason that these populations are still around is because of the continued collaborations and long-term investment in these imperiled species," explained Alex Lewanski, a graduate student at MSU and first author on the study.

The Avon Park Air Force Range contains over 35,000 acres of pine savannah, providing a well-protected band of habitat for threatened animals and a proving ground for complex conservation strategies.

The installation is one of 18 Sentinel Landscapes; protected areas around military installations where the Department of Defense and other federal agencies work with state governments and private stakeholders to meet conservation goals.

Leveraging this rare opportunity, researchers from Archbold Biological Station, in collaboration with the U.S. Fish and Wildlife Service and the U.S. Air Force, introduced fifty-four red cockaded woodpeckers from six donor populations into the range's pine savannahs between 1998 and 2016. Analyses revealed that translocations provided substantial and extended benefits, improving the population's size and overall genetic health.




MSU researchers determined that the introduced birds contributed directly to higher population counts, and that translocated birds and their descendants tended to have higher rates of survival and reproductive success.

The findings indicate that reproductive success is highly associated with total nesting years -- and translocated birds tended to nest for more years than locally hatched ones.

These positive effects persisted into the future along family lines. About 70 percent of the translocated woodpeckers survived in the population after their release, and many formed breeding pairs with local individuals, providing a boost to the genetic diversity of the population.

But complex population dynamics, changes which manifest across decades, and the sheer challenge of gathering high-resolution monitoring data makes gauging the effectiveness of translocation efforts difficult. The detail and length of this study, the authors explain, provide rare insights into the long-term effects of these strategies.

The team hopes that these positive results incentivize land managers to consider the long-term benefits of translocations and continued monitoring.

"It has the potential to act as an important component of managing many imperiled species," Lewanski said.

While the woodpeckers are benefitting from this extensive conservation project, these strategies, and the partnership which support them, have implications for other at-risk species, too.

In the future, Lewanski expects that genetic insights will play a growing role in tracking and evaluating conservation programs. Analysis of genetic material helps detect and minimize inbreeding and create highly detailed pedigrees for populations, reducing the burden of on-site monitoring programs to track bird nesting and reproduction.

Using genetic monitoring tools allows scientists and land managers to be more precise when deciding how and when to use translocations, according to Sarah Fitzpatrick, a professor at Michigan State University and senior author on the study.

Eventually, a combination of genomic analysis and on-site monitoring could provide tailor-made strategies for managers attempting translocations.

This study is the product of a partnership between Michigan State University, Archbold Biological Research Station, the U.S. Air Force, Department of Defense and the U.S. Fish and Wildlife Service.

Funding for managing and monitoring the Avon Park red-cockaded woodpeckers was provided by the DoD, the USAF, and the USFWS. Additional project support was provided by the National Defense Science & Engineering Graduate Fellowship from the Department of Defense and the National Science Foundation.
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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.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/08/250803011820.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



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.




					



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