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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.


      
        Simple nutrient mix delivers surprising autism breakthrough in mice
        A low-dose mix of zinc, serine, and branched-chain amino acids boosted neural function and social behavior in autism mouse models. The combination restored more typical synaptic protein patterns and reduced excessive amygdala activity. Individual supplements had no effect, showing that the nutrients must work together. The findings point toward a promising multi-nutrient strategy for influencing brain circuits involved in autism.

      

      
        3.3 billion-year-old crystals reveal a shockingly active early Earth
        Fresh evidence suggests early Earth wasn't locked under a rigid stagnant lid but was already experiencing intense subduction. Ancient melt inclusions and advanced simulations point to continents forming far earlier than expected. The findings overturn long-held assumptions about the planet's infancy and reveal a surprisingly active Hadean world.

      

      
        Astronomers find a planet orbiting at a wild angle no one can explain
        A network of powerful ground-based telescopes captured rare starspot-crossing events on TOI-3884b, revealing cooler patches on the star's surface and rapid changes tied to its rotation. By combining multicolor transit observations with months of high-cadence brightness monitoring, researchers nailed down the star's rotation period with impressive precision. These measurements allowed them to map the system's geometry--and what they found was surprising: the planet's orbit is wildly tilted relative...

      

      
        A simple oxygen hack creates 7 new ceramic materials
        Penn State researchers created seven new high-entropy oxides by removing oxygen during synthesis, enabling metals that normally destabilize to form rock-salt ceramics. Machine learning helped identify promising compositions, and advanced imaging confirmed their stability. The method offers a flexible framework for creating materials once thought impossible to synthesize.

      

      
        Daily coffee may slow biological aging in mental illness
        Researchers studying people with major psychiatric disorders found that drinking up to four cups of coffee a day is associated with longer telomeres. This suggests a potential slowing of biological aging by about five years. However, drinking five or more cups showed no benefit and may even contribute to cellular damage. Coffee's antioxidant and anti-inflammatory properties may help explain the effect.

      

      
        New data reveals one of the smallest ozone holes in decades
        This year's ozone hole over Antarctica ranked among the smallest since the early 1990s, reflecting steady progress from decades of global action under the Montreal Protocol. Declining chlorine levels and warmer stratospheric temperatures helped limit ozone destruction. Scientists say the layer remains on track to recover later this century.

      

      
        Hornet-eating frog shows remarkable venom resistance
        Experiments reveal that pond frogs can eat highly venomous hornets without suffering noticeable damage, even after repeated stings. Most frogs successfully consumed hornets, including the notorious Asian giant hornet. This unusual resilience suggests that frogs may have evolved mechanisms to block the effects of venom. Their resistance could help scientists uncover new insights into pain and toxin tolerance.

      

      
        Scientists capture flu viruses surfing into human cells in real time
        Scientists have captured a never-before-seen, high-resolution look at influenza's stealthy invasion of human cells, revealing that the cells aren't just helpless victims. Using a groundbreaking imaging technique, researchers discovered that our cells actually reach out and "grab" the virus as it searches for the perfect entry point, surfing along the membrane.

      

      
        The solar mission that survived disaster and found 5,000 comets
        For thirty years, SOHO has watched the Sun from a stable perch in space, revealing the inner workings of our star and surviving crises that nearly ended the mission. Its long-term observations uncovered a single global plasma conveyor belt inside the Sun, detailed how solar brightness subtly shifts over the solar cycle, and turned SOHO into an unexpected comet-hunting champion with more than 5,000 discoveries.

      

      
        Space is filling with junk and scientists have a fix
        Earth's orbit is getting crowded with broken satellites and leftover rocket parts. Researchers say the solution is to build spacecraft that can be repaired, reused, or recycled instead of abandoned. They also want new tools to collect old debris and new data systems that help prevent collisions. The goal is to make space exploration cleaner and more sustainable.

      

      
        Early Earth's sky may have created the first ingredients for life
        Researchers recreated conditions from billions of years ago and found that Earth's young atmosphere could make key molecules linked to life. These sulfur-rich compounds, including certain amino acids, may have formed naturally in the sky. The results suggest early Earth wasn't starting from zero but may have already been stocked with essential ingredients.

      

      
        Doomed ants send a final scent to save their colony
        Ant pupae that are fatally sick don't hide their condition; instead, they release a special scent that warns the rest of the colony. This signal prompts worker ants to open the pupae's cocoons and disinfect them with formic acid, stopping the infection before it can spread. Although the treatment kills the sick pupa, it protects the colony and helps ensure its long-term survival. Researchers found that only pupae too sick to recover send this scent, showing just how finely tuned the colony's earl...

      

      
        Scientists reveal what really drives the "freshman 15"
        College life creates a perfect storm for overeating, as students consume more calories when surrounded by friends, eating in dining halls, or following unstructured schedules. A four-week study using a mobile app revealed that students often underestimate how much they eat, especially in social or formal dining settings. Emotional influences, gender differences, and environmental cues all contribute to this subtle but consistent rise in intake.

      

      
        Engineered imperfections supercharge graphene's power
        Researchers have discovered a new way to grow graphene that deliberately adds structural defects to enhance its usefulness in electronics, sensors, catalysts, and more. Using a specially shaped molecule called azupyrene, scientists can produce graphene films rich in beneficial 5-7 ring defects--imperfections that make the material more interactive, more magnetic, and more electronically versatile.

      

      
        Surprising optics breakthrough could transform our view of the Universe
        FROSTI is a new adaptive optics system that precisely corrects distortions in LIGO's mirrors caused by extreme laser power. By using custom thermal patterns, it preserves mirror shape without introducing noise, allowing detectors to operate at higher sensitivities. This leap enables future observatories like Cosmic Explorer to see deeper into the cosmos. The technology lays the groundwork for vastly expanding gravitational-wave astronomy.

      

      
        A tiny citrus pest is hiding a biological mystery never seen before
        Scientists have discovered a strange tubular structure inside Profftella, a symbiotic bacterium in the Asian citrus psyllid. These long, helical tubes, filled with ribosomes, show a complexity not typically found in bacteria. The discovery reshapes ideas about bacterial evolution and internal architecture. It may also help create targeted methods to control a major global citrus pest.

      

      
        A common constipation drug shows a surprising ability to protect kidneys
        A surprising link between constipation and kidney decline led researchers to test lubiprostone, revealing that it can protect kidney function. The results point toward gut-based, mitochondria-boosting therapies as a promising new avenue for CKD care.

      

      
        JWST finds a Milky Way twin born shockingly early in the Universe
        A surprisingly mature spiral galaxy named Alaknanda has been spotted just 1.5 billion years after the Big Bang--far earlier than astronomers believed such well-structured galaxies could form. With sweeping spiral arms, rapid star formation, and an orderly disk resembling our Milky Way, it defies long-held theories about how slowly galaxies should assemble. Thanks to JWST and gravitational lensing, researchers could examine the galaxy in remarkable detail, revealing that the early Universe was far ...

      

      
        Scientists discover why anacondas stayed giants for 12 million years
        Ancient anaconda fossils show that the snakes became giants soon after emerging in Miocene South America. Their size has stayed stable for over 12 million years, even though other huge reptiles went extinct. Surprisingly, warmer periods didn't make anacondas bigger--just more widespread. Today they remain large thanks to surviving patches of ideal wetland habitat.

      

      
        Gas stoves are filling millions of homes with hidden toxic air
        Stanford researchers found that gas stoves expose Americans to surprisingly high levels of nitrogen dioxide--often matching or exceeding outdoor pollution. For millions, cooking alone pushes NO2 over long-term safety thresholds. Smaller homes, renters, and rural households face the highest concentrations. Cleaner cooking technologies could substantially reduce the risks.

      

      
        A routine shingles shot may offer powerful defense against dementia
        A unique vaccine rollout in Wales gave researchers an accidental natural experiment that revealed a striking reduction in dementia among seniors who received the shingles vaccine. The protective effect held steady across multiple analyses and was even stronger in women. Evidence also suggests benefits for people who already have dementia, hinting at a therapeutic effect.

      

      
        Your sweat reveals health problems long before symptoms appear
        Sweat carries a rich mix of biomarkers that advanced wearables can now track in real time. New AI-powered patches analyze biochemical patterns to detect disease risks, medication levels, or stress responses. Researchers are building ultra-sensitive microfluidic devices to read glucose, cortisol, and more--without needles or blood draws. The tech is still emerging, but its potential is huge.

      

      
        A 70-year-old pregnancy drug just revealed a hidden weakness in brain cancer
        Researchers have solved the decades-old mystery behind how a common pregnancy drug lowers blood pressure. It turns out the medication blocks a fast-acting "oxygen alarm" inside cells. That same alarm helps brain tumors survive, meaning the drug unexpectedly weakens them, too. The discovery could inspire better treatments for both preeclampsia and brain cancer.

      

      
        Scientists discover first gene proven to directly cause mental illness
        Scientists have discovered that a single gene, GRIN2A, can directly cause mental illness--something previously thought to stem only from many genes acting together. People with certain variants of this gene often develop psychiatric symptoms much earlier than expected, sometimes in childhood instead of adulthood. Even more surprising, some individuals show only mental health symptoms, without the seizures or learning problems usually linked to GRIN2A.

      

      
        Dead stars aren't so dead after all: The hidden force inflating white dwarfs
        Some white dwarfs in rapid binary orbits are far hotter and larger than theory predicts. Researchers found that powerful tidal forces between them generate enough heat to inflate their sizes and change their orbital behavior. This leads the stars to interact much sooner than expected, potentially triggering dramatic cosmic events. The new model may offer clues about the origins of type Ia supernovae.

      

      
        Scientists boost lifespan by 70% in elderly male mice using simple drug combo
        Scientists found that combining oxytocin with an Alk5 inhibitor revitalized extremely old male mice, boosting their lifespan and strength. Female mice showed only short-term improvements, highlighting a major sex difference in aging biology. The therapy restored youthful protein patterns in blood and targeted key pathways that drive tissue decline. Because the components are already clinically accessible, this approach could move toward human testing.

      

      
        Monumental Roman basin hidden for 2,000 years unearthed near Rome
        Archaeologists excavating the ancient Roman city of Gabii have uncovered a massive stone-lined basin that may represent one of Rome's earliest monumental civic structures. Its central placement hints that early Romans were already experimenting with dramatic public spaces centuries before the iconic Forum took shape. The site's remarkable preservation--made possible because Gabii was abandoned early--offers an unprecedented look at how Romans adapted Greek architectural ideas into powerful symbols ...

      

      
        A long-overlooked weak point in your DNA has just been revealed
        Scientists discovered that the first 100 base pairs of human genes are unusually prone to mutations, especially during the earliest stages of embryonic development. These mosaic mutations often go undetected yet can still be passed on and cause disease. Large-scale genome analyses show that genes tied to cancer and brain function are particularly affected, with natural selection filtering out harmful variants. The study highlights the need to adjust genetic models and rethink how researchers iden...

      

      
        Is your gut being poisoned? Scientists reveal the hidden impact of everyday chemicals
        Researchers discovered that 168 common chemicals can disrupt the growth of beneficial gut bacteria, with some also promoting antibiotic resistance. Many of these substances--found in food, water, and household items--weren't previously suspected of affecting living organisms. A new machine learning model now predicts which chemicals may harm the microbiome. The findings suggest safety testing must expand to consider gut health.

      

      
        Fast depression relief? Nitrous oxide shows remarkable potential
        Nitrous oxide may offer quick, short-term relief for people with major depression, especially those who haven't responded to standard medications. The meta-analysis found rapid improvements after a single dose and more sustained benefits after repeated treatments. Side effects were generally mild and brief, though researchers stress the need for larger, longer-term studies.

      

      
        A tiny ocean worm just revealed a big secret about how eyes evolve
        Scientists found that adult bristleworm eyes grow continuously thanks to a rim of neural stem cells similar to those in vertebrate eyes. This growth is surprisingly regulated by environmental light via a vertebrate-like c-opsin. The discovery reveals deep evolutionary parallels between distant species and raises questions about how light shapes nervous systems beyond vision. It hints at hidden complexity in creatures long assumed to be simple.

      

      
        A hidden Antarctic shift unleashed the carbon that warmed the world
        As the last Ice Age waned and the Holocene dawned, deep-ocean circulation around Antarctica underwent dramatic shifts that helped release long-stored carbon back into the atmosphere. Deep-sea sediments show that ancient Antarctic waters once trapped vast amounts of carbon, only to release it during two major warming pulses at the end of the Ice Age. Understanding these shifts helps scientists predict how modern Antarctic melt may accelerate future climate change.

      

      
        Doctors are seeing more aggressive breast cancer in younger women than expected
        Younger women are being diagnosed with breast cancer more often than screening guidelines anticipate. Many of these cancers are invasive and harder to treat, especially in those under 40. After analyzing 11 years of data, researchers found that this age group makes up a steady and significant share of diagnoses. The results support a stronger push for earlier risk evaluation.

      

      
        New brain imaging breakthrough reveals clues to Parkinson's
        A high-speed "zap-and-freeze" method is giving scientists their clearest view yet of how brain cells send messages. By freezing tissue at the instant a signal fires, researchers revealed how synaptic vesicles behave in both mouse and human neurons. These insights could help explain why most Parkinson's cases emerge without inherited genetic changes. The technique may also point to promising new research paths for therapy development.

      

      
        Scientists reveal five big moments when your brain dramatically changes
        A large study of brain scans shows that our neural wiring evolves through five major stages from birth to late old age. These phases are separated by sudden turning points that mark big shifts in how the brain is organized. The most surprising discovery is that adolescent-style development lasts into our early thirties. The work helps explain changing abilities and risks at different points in life.

      

      
        Satellites spot rapid "Doomsday Glacier" collapse
        Two decades of satellite and GPS data show the Thwaites Eastern Ice Shelf slowly losing its grip on a crucial stabilizing point as fractures multiply and ice speeds up. Scientists warn this pattern could spread to other vulnerable Antarctic shelves.

      

      
        New graphene breakthrough supercharges energy storage
        Engineers have unlocked a new class of supercapacitor material that could rival traditional batteries in energy while charging dramatically faster. By redesigning carbon structures into highly curved, accessible graphene networks, the team achieved record energy and power densities--enough to reshape electric transport, stabilize power grids, and supercharge consumer electronics.

      

      
        Scientists just found a way to tell if quantum computers are wrong
        Researchers unveiled a new technique that validates quantum computer results--especially those from GBS devices--in minutes instead of millennia. Their findings expose unexpected errors in a landmark experiment, offering a crucial step toward truly reliable quantum machines.

      

      
        New research reveals the hidden organism behind Lake Erie's toxic blooms
        Dolichospermum, a type of cyanobacteria thriving in Lake Erie's warming waters, has been identified as the surprising culprit behind the lake's dangerous saxitoxins--some of the most potent natural neurotoxins known. Using advanced genome sequencing, researchers uncovered that only certain strains produce the toxin, and that warmer temperatures and low ammonium levels may tip the ecological balance in their favor.

      

      
        New state of quantum matter could power future space tech
        A UC Irvine team uncovered a never-before-seen quantum phase formed when electrons and holes pair up and spin in unison, creating a glowing, liquid-like state of matter. By blasting a custom-made material with enormous magnetic fields, the researchers triggered this exotic transformation--one that could enable radiation-proof, self-charging computers ideal for deep-space travel.

      

      
        Ancient long snouted croc from Egypt rewrites evolution
        A newly identified crocodile relative from Egypt pushes back the origins of the marine-hunting dyrosaurids by millions of years. The fossil, Wadisuchus kassabi, shows a mix of primitive and advanced traits that mark a key evolutionary transition. Rare specimens of different ages reveal how these ancient predators developed. The find reinforces Africa as the center of early dyrosaurid evolution.

      

      
        Scientists discover hidden switch that helps cancer cells survive
        Researchers have found a small but powerful switch inside breast cancer cells that helps them survive stressful conditions. When this switch flips, the cells activate protective programs that make them tougher and faster-growing. The finding reveals how tumors use stress to their benefit. It may open up new possibilities for therapies.

      

      
        New study finds cancer-linked compounds in common foods
        Scientists have found that common foods can contain hidden contaminants formed during cooking or through environmental exposure. A new testing method called QuEChERS helps identify these chemicals more quickly and with greater ease. The research showed strong accuracy and high sensitivity across multiple food samples. This streamlined approach could improve food safety checks while reducing chemical waste.

      

      
        A lost Amazon world just reappeared in Bolivia
        Researchers exploring Bolivia's Great Tectonic Lakes discovered a landscape transformed over centuries by sophisticated engineering and diverse agricultural traditions. Excavations show how Indigenous societies adapted to dynamic wetlands through raised fields, canals, and mixed livelihoods. Today's local communities preserve this biocultural continuity, guiding research and conservation.

      

      
        Wild chimps consume more alcohol than anyone expected
        Chimpanzees naturally ingest surprising amounts of alcohol from ripe, fermenting fruit. Careful measurements show that their typical fruit diet can equal one to two human drinks each day. This supports the idea that alcohol exposure is not a modern human invention but an ancient primate habit. The work strengthens the "drunken monkey" hypothesis and opens new questions about how animals use ethanol cues in their environment.

      

      
        New 3D scan reveals a hidden network of moai carvers on Easter Island
        A high-resolution 3D model of Rano Raraku shows that the moai were created in many distinct carving zones. Instead of a top-down system, the statues appear to have been produced by separate family groups working independently while sharing techniques. Evidence of varied carving styles and multiple transport routes supports this decentralized picture. The results challenge old assumptions about how large-scale monument building worked on Rapa Nui.

      

      
        Scientists discover a hidden brain circuit that rewrites vision
        MIT scientists found that what we see is strongly influenced by how alert or active we are. Parts of the brain responsible for planning and control send specialized signals that either boost or quiet visual details. These areas seem to balance each other, sharpening important information while dimming distractions. The study shows vision is constantly being shaped by our internal state.

      

      
        Why some memories last a lifetime while others fade fast
        Scientists have uncovered a stepwise system that guides how the brain sorts and stabilizes lasting memories. By tracking brain activity during virtual reality learning tasks, researchers identified molecules that influence how long memories persist. Each molecule operates on a different timescale, forming a coordinated pattern of memory maintenance. The discoveries reshape how scientists understand memory formation.

      

      
        Simple thyroid check in pregnancy may lower autism risk
        Researchers have found that ongoing thyroid hormone imbalance in pregnancy may be linked to higher autism risk in children. Treated thyroid disorders did not show the same effect. The longer the imbalance lasted across trimesters, the more the risk appeared to rise. The study underscores the need for consistent thyroid monitoring.

      

      
        Scientists discover hidden wolf DNA in most dogs
        Researchers studying thousands of canine genomes discovered that wolf DNA is still present in most dog breeds. This ancient genetic influence shows up in traits like body size, behavior, and environmental resilience. Even dogs bred far from wolves, including tiny chihuahuas, carry detectable wolf ancestry. The findings highlight how deeply intertwined the histories of dogs and wolves really are.
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Simple nutrient mix delivers surprising autism breakthrough in mice | ScienceDaily
Researchers led by Tzyy-Nan Huang and Ming-Hui Lin at Academia Sinica in Taiwan have found that a low-dose combination of zinc, serine, and branched-chain amino acids may ease behavioral difficulties in three mouse models of autism. The study, published December 2nd in the open-access journal PLOS Biology, reports that these supplements work together to strengthen communication between neurons and lead to better social interactions in the animals.


						
Exploring How Nutrition Influences ASD

Autism spectrum disorder (ASD) is associated with atypical neural development that disrupts how neurons form connections. Nutrition is also recognized as a factor that can influence ASD. Zinc, serine, and branched-chain amino acids have each been linked to potential improvements in neural connectivity. The researchers proposed that combining the three could produce a stronger effect than any single nutrient and might reduce the amount of each needed. To test this, they worked with three mouse models of ASD and examined synapse-related protein levels, tracked amygdala activity using calcium imaging, and evaluated social behavior.

In their experiments, the combined supplements shifted synaptic protein expression in autistic mice so that it more closely resembled that of typical mice. The mixture also reduced the abnormal overactivity of neurons in the amygdala. Social behaviors improved as well, but only when the nutrients were given as a mixture; the same doses of individual supplements produced no measurable change. Two additional autism mouse models showed the same pattern, indicating that the three nutrients must work together to be effective at low doses.

Researchers Highlight Broader Potential of Multi-Nutrient Approaches

Yi-Ping Hsueh explained, "As hundreds of genes are implicated in autism, each with distinct molecular functions, a 'one gene-one therapy' approach is impractical for addressing the complexity of ASD. Our findings show that a low-dose nutrient mixture containing zinc, branched-chain amino acids (BCAAs), and serine -- working synergistically to improve synaptic function and social behaviors across three ASD mouse models -- offers a safer and more practical strategy for long-term, broad application, even beginning in childhood."

Tzyy-Nan Huang, a first author of the study, added, "High doses of individual nutrient supplements such as zinc, branched-chain amino acids, and serine can improve synaptic function through different mechanisms, but low doses of any single nutrient alone are ineffective. It is exciting to see that combining these nutrients at low doses successfully restores synaptic proteomes and enhances social behaviors in three different mouse models of autism."

Rapid Neural Circuit Changes Observed

Co-first author Ming-Hui Lin said, "I was thrilled to observe that just seven days of treatment with the nutrient mixture significantly modulated neuronal circuit activity and connectivity in real time. These results provide strong support for the beneficial effects of low-dose nutrient supplement combinations."

This work was supported by grants from Academia Sinica, Taiwan (AS-IA-111-L01 to Y.-P.H.) and the National Science and Technology Council, Taiwan (NSTC 113-2326-B-001-008 and 114-2326-B-001-005 to Y.-P.H.). The funding organizations did not influence the study design, data collection and analysis, the decision to publish, or the preparation of the manuscript.
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3.3 billion-year-old crystals reveal a shockingly active early Earth | ScienceDaily
The Hadean Eon, which stretched from 4.6 to 4.0 billion years ago, represents one of the least understood periods in Earth's past. This era opened with the birth of the planet and was quickly followed by a dramatic collision with a Mars-sized object. The impact produced the Moon and left Earth's interior completely molten. A solid crust began forming around 4.5 billion years ago, although scientists have long debated what unfolded after that point.


						
For many years, researchers believed that Earth remained in a "stagnant lid" state until at least the end of the Hadean. According to this idea, the planet was capped by a stiff, unmoving outer shell while heat-driven convection took place deeper in the mantle. In this scenario, the early planet lacked subduction (the process in which crust sinks into the interior) and did not yet produce the continental crust seen in today's plate tectonic system.

A New Challenge to the Stagnant Lid Hypothesis

Now, scientists from the ERC Synergy Grant Project "Monitoring Earth Evolution through Time" (MEET) -- a collaboration between geochemists from Grenoble (France) and Madison (USA), and geodynamic modelers from GFZ Helmholtz Centre for Geosciences in Potsdam (Germany) -- are offering a different interpretation.

Ancient Crystals Reveal Evidence of Early Subduction

In a study published in Nature Communications, the MEET research team reports evidence that both subduction and continental crust formation were not only active during the Hadean but may have been more intense than previously assumed. The Grenoble group analyzed strontium isotopes and trace elements in melt inclusions trapped inside 3.3-billion-year-old olivine crystals, providing rare geochemical snapshots of early Earth. At the same time, the GFZ group applied advanced geodynamic models to understand how these geochemical patterns relate to ancient tectonic activity.

Their combined results point to a far livelier early Earth, suggesting that widespread subduction and the growth of continental crust may have begun several hundred million years earlier than earlier theories proposed.




Glossary of Key Terms

Hadean Eon: The earliest chapter of Earth's history (4.6 to 4.0 billion years ago), beginning with the planet's formation and characterized by extreme heat and frequent impacts.

Subduction: A tectonic process in which one piece of Earth's crust sinks beneath another and moves downward into the mantle.

Stagnant lid: A tectonic state where the planet's outer shell is rigid and unmoving, with very little surface recycling compared to modern plate tectonics.

Mantle convection: The slow, heat-driven movement of material within Earth's mantle that transports energy from the interior toward the surface.

Continental crust: The thick, buoyant type of crust that forms Earth's continents, distinct from the thinner oceanic crust.




Melt inclusions: Tiny pockets of trapped molten material found inside crystals, preserving chemical information about the environment in which the crystals formed.

Olivine crystals: Greenish mineral grains commonly found in Earth's mantle and volcanic rocks; they can preserve ancient geochemical clues.

Strontium isotopes: Different forms of the element strontium used by scientists to determine the origin and history of rocks and magmas.

Geodynamic simulations: Computer models that recreate how Earth's interior moves and evolves over time.

Crustal solidification: The process by which Earth's once-molten surface cooled and hardened into a solid crust.
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Astronomers find a planet orbiting at a wild angle no one can explain | ScienceDaily
To study the moments when the planet crossed over starspots, researchers relied on the multicolor MuSCAT3 and MuSCAT4 instruments installed on the Las Cumbres Observatory (LCO) 2-meter telescopes. During February and March 2024, they recorded three separate transits and clearly identified signals produced by the planet passing over these dark regions on the star. The way the signal changed with color offered valuable clues about the temperature of the starspots.


						
Analysis of the light curves showed that the starspots are approximately 200 K cooler than the surrounding stellar surface (3150 K) and cover about 15% of the visible area of the star. The three transit observations also displayed subtle differences in the shape of the spot-crossing features. Since these changes happened over a relatively short period, they are more consistent with the star rotating rather than the starspots themselves evolving.

Monitoring Brightness to Measure Stellar Rotation

To verify this idea, the team conducted an extended photometric monitoring program using LCO's network of 1-meter telescopes around the world. From December 2024 through March 2025, they tracked the star's brightness several times each night and identified regular, repeating variations. These measurements allowed them to determine, for the first time, that the star completes a full rotation in 11.05 days.

A Strongly Tilted Planetary System

The rotation period matched the shifts in starspot position seen in the transit data, allowing the researchers to piece together the three-dimensional layout of the system. Their analysis showed that the star's rotation axis and the planet's orbital axis differ by roughly 62deg, meaning TOI-3884 hosts a significantly tilted planetary orbit. Such extreme misalignments are usually linked to past interactions with massive planets or stellar companions -- yet none have been found here, making TOI-3884 an especially compelling system to study.

 Glossary of Key Terms

Transit: A transit occurs when a planet passes in front of its star from our point of view, causing a small dip in the star's brightness.




Spot-Crossing Signal: A change in the transit light curve that happens when a planet moves across a darker, cooler starspot on the star's surface.

Starspot: A relatively cool, dark region on a star, similar to sunspots on the Sun.

Light Curve: A graph showing how a star's brightness changes over time. Scientists study its shape to learn about planets, starspots, and stellar behavior.

MuSCAT3 and MuSCAT4: Specialized multicolor cameras designed to measure changes in starlight across different wavelengths to improve transit and starspot analysis.

Photometric Monitoring: Repeatedly measuring the brightness of a star to detect variations caused by rotation, starspots, or orbiting planets.

Stellar Rotation Period: The time it takes for a star to complete one full spin on its axis.




Orbital Axis: An imaginary line defining the orientation of a planet's orbit around its star.

Stellar Spin Axis: An imaginary line that describes the direction of a star's rotation.

Misalignment (Orbital Tilt): When the star's rotation axis and the planet's orbital axis do not line up. A large misalignment can provide clues about the system's past.

LCO (Las Cumbres Observatory): A global network of telescopes used for continuous sky monitoring and time-sensitive observations such as transits.
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A simple oxygen hack creates 7 new ceramic materials | ScienceDaily
Sometimes, having less oxygen truly makes a difference. By lowering oxygen levels during synthesis, a group of materials scientists at Penn State succeeded in creating seven previously unknown high-entropy oxides, or HEOs. These ceramics contain five or more metals and are being explored for uses in energy storage, electronic devices and protective coatings.


						
During the development of these materials, the team also outlined a broader framework for designing future materials. Their findings were published in Nature Communications.

"By carefully removing oxygen from the atmosphere of the tube furnace during synthesis, we stabilized two metals, iron and manganese, into the ceramics that would not otherwise stabilize in the ambient atmosphere," said corresponding and first author Saeed Almishal, a research professor at Penn State working with Jon-Paul Maria, the Dorothy Pate Enright Professor of Materials Science.

Early Breakthroughs and Machine Learning Discovery

Almishal first achieved stability in a material containing manganese and iron by adjusting oxygen levels in a composition he designated as J52. That sample included magnesium, cobalt, nickel, manganese and iron. After that initial success, he used newly developed machine learning capabilities that can rapidly evaluate thousands of possible formulations. With those tools, he identified six additional metal combinations capable of forming HEOs.

Working alongside undergraduate researchers who helped process, fabricate and characterize samples, Almishal produced solid ceramic pellets representing all seven new HEO compositions. These students were supported by the Department of Materials Science and Engineering and Penn State's Center for Nanoscale Science, a U.S. National Science Foundation-funded Materials Research Science and Engineering Center.

"In a single step, we stabilized all seven compositions that are possible given our current framework," Almishal said. "Although this was previously treated this as a complex problem in the field of HEOs, the solution was simple in the end. With a careful understanding of the fundamentals of material and ceramic synthesis science, and particularly the principles of thermodynamics, we found the answer."

How Oxygen Levels Shape the Materials




To stabilize these ceramics, manganese and iron atoms must remain in the 2+ oxidation state, forming what is known as a rock salt structure where each atom bonds with only two oxygen atoms. According to Almishal, this does not happen under typical oxygen-rich conditions. If synthesized in a normal atmosphere, manganese and iron would continue binding with oxygen and shift to a higher oxidation state, preventing the material from forming correctly. Reducing the oxygen in the tube furnace limits how many oxygen atoms are available, allowing the desired rock salt structure to form.

"The main rule we followed in synthesizing these materials is the role that oxygen plays in stabilizing such ceramic materials," Almishal said.

Confirming Structure and Planning Future Experiments

To verify that manganese and iron truly remained in the intended oxidation state, Almishal collaborated with researchers at Virginia Tech. Their team used an advanced imaging approach that examines how atoms absorb X-rays. By studying the resulting data, they could confirm the oxidation states of individual elements and demonstrate that the materials were stable.

The next stage of work will involve testing the magnetic properties of all seven new HEOs. The researchers also hope to use the same thermodynamic principles for oxygen control to stabilize other types of materials that are currently difficult to synthesize.

"This paper, which has already been accessed online thousands of times, seems to resonate with researchers because of its simplicity," Almishal said. "Although we focus on rock salt HEOs, our methods provide a broad adaptable framework for enabling uncharted, promising chemically disordered complex oxides."

Undergraduate Recognition and Research Collaboration




Because of his significant contributions in the lab, co-author and undergraduate materials science and engineering major Matthew Furst was invited to present the findings at the American Ceramic Society's (ACerS) Annual Meeting with Materials Science and Technology 2025, which took place Sept. 28 through Oct. 1 in Columbus, Ohio. This invitation is typically extended to faculty or senior graduate students.

"I am so grateful for the opportunities that I have had on this project and to be involved in every step of the research and publication process," Furst said. "Being able to present this material to a broad audience as an invited talk reflects my involvement and the excellent guidance I have received from my mentors. It means a lot to me to develop important communication skills as an undergraduate student, and I look forward to pushing myself further in the future!"

Team Members and Support

In addition to Almishal, Maria and Furst, the Penn State research team included undergraduate students Joseph Petruska and Dhiya Srikanth; graduate students Yueze Tan and Sai Venkata Gayathri Ayyagari; and Jacob Sivak, who recently earned a doctorate in chemistry with a materials science focus. Faculty collaborators included Nasim Alem, professor of materials science and engineering; Susan Sinnott, professor of materials science and engineering and of chemistry; and Long-Qing Chen, the Hamer Professor of Materials Science and Engineering, professor of engineering science and mechanics and of mathematics.

From Virginia Tech, the co-authors were Christina Rost, assistant professor of materials science and engineering, and graduate student Gerald Bejger.

The Penn State Center for Nanoscale Science, an U.S. National Science Foundation-funded Materials Research Science and Engineering Center, provided support for this research.
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Daily coffee may slow biological aging in mental illness | ScienceDaily
Drinking up to 3-4 cups of coffee a day may help slow the biological aging process in people living with severe mental illness. The research suggests this amount of coffee is linked to longer telomeres, which are indicators of cellular aging, and may provide the equivalent of 5 extra biological years compared with individuals who do not drink coffee, according to findings published in the open access journal BMJ Mental Health.


						
However, the study did not detect these potential benefits when coffee consumption exceeded this level. The 3-4 cup limit aligns with the daily maximum recommended by several major health agencies, including the NHS and the US Food and Drug Administration.

Telomeres, Mental Illness, and Why They Matter

Telomeres are located at the ends of chromosomes and function much like the plastic tips on shoelaces that prevent fraying. Although telomeres naturally shorten with age, the process appears to happen faster in people with major psychiatric conditions such as psychosis, schizophrenia, and bipolar disorder, the researchers note.

Because telomeres respond to environmental influences, including diet, the team explored whether moderate coffee intake might slow telomere shortening in individuals with serious mental health disorders. Coffee has been linked to various health benefits when consumed in moderation, making it a logical area for investigation.

Study Participants and Coffee Habits

The study examined 436 adults who were part of the Norwegian Thematically Organised Psychosis (TOP) study between 2007 and 2018. Of these participants, 259 had schizophrenia and 177 had affective disorders that included bipolar disorder and major depressive disorder with psychosis.




Participants reported their daily coffee intake and were placed into 4 groups: zero (44 people), 1-2 cups, 3-4 cups (110 people), and 5 or more cups. They were also asked about their smoking habits and how long they had smoked.

Those drinking 5 or more cups a day tended to be older than people who drank none or only 1-2 cups. Participants with schizophrenia also consumed more coffee on average than participants with affective disorders.

Smoking affects how quickly the body processes caffeine. Approximately three quarters of the group (77%; 337 people) were smokers, with an average smoking history of 9 years. Participants who drank 5 or more cups had smoked for significantly longer than those in the other categories.

Telomere Measurements and Key Findings

Researchers measured telomere length using white blood cells (leucocytes) from blood samples. The results showed notable differences among the four coffee intake groups, forming what the researchers describe as a J shaped curve.

Compared with participants who drank no coffee, those who consumed 3-4 cups each day had longer telomeres. This association did not appear in the group that drank 5 or more cups.




Participants consuming 4 cups a day had telomere lengths that aligned with a biological age roughly 5 years younger than non-coffee drinkers. This assessment accounted for age, sex, ethnicity, tobacco use, type of mental disorder, and current treatments.

Biological Explanations and Study Limitations

Because this was an observational study, the authors emphasize that it cannot establish a direct cause-and-effect relationship. They also note that they lacked details about several potentially important factors such as the type of coffee consumed, when it was consumed, the exact caffeine content, and whether participants drank other caffeinated beverages.

Even so, the researchers point to several possible explanations. Coffee contains potent antioxidant and anti-inflammatory compounds that may help protect cells from aging-related damage.

"Telomeres are highly sensitive to both oxidative stress and inflammation, further highlighting how coffee intake could help preserve cellular aging in a population whose pathophysiology may be predisposing them to an accelerated rate of aging," they explain.

Global Coffee Consumption and Safety Considerations

Coffee remains one of the most widely consumed beverages worldwide, with an estimated 10.56 billion kilos consumed globally in 2021-2.

Despite its potential advantages, the researchers caution that "consuming more than the daily recommended amount of coffee may also cause cellular damage and [telomere] shortening through the formation of reactive oxygen species," reiterating that international health authorities advise keeping daily caffeine intake at or below 400 mg/day (4 cups of coffee).
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New data reveals one of the smallest ozone holes in decades | ScienceDaily
Scientists from NOAA and NASA report that this year's ozone hole over Antarctica is the fifth smallest seen since 1992, the year that the Montreal Protocol, a landmark international agreement to phase out ozone-depleting chemicals, began to take effect.


						
During the peak of the 2025 ozone depletion season, from September 7 through October 13, the ozone hole covered an average of about 7.23 million square miles (18.71 million square kilometers). It is already breaking apart almost three weeks earlier than the typical timing over the past ten years.

"As predicted, we're seeing ozone holes trending smaller in area than they were in the early 2000s," said Paul Newman, a senior scientist at the University of Maryland system and longtime leader of NASA's ozone research team. "They're forming later in the season and breaking up earlier."

Peak size and long-term ozone records

On September 9, the ozone hole reached its largest single-day size for 2025, spanning 8.83 million square miles (22.86 million square kilometers). That area is roughly 30% smaller than the largest ozone hole on record in 2006, which had an average size of 10.27 million square miles (26.60 million square kilometers).

In earlier assessments, NASA and NOAA rated ozone hole severity using records that extend back to 1979, when satellites first began tracking ozone levels above Antarctica. Using this longer 46 year record, the 2025 ozone hole ranks as the 14th smallest in terms of area.

Montreal Protocol helps drive ozone layer recovery

According to NOAA and NASA scientists, this year's measurements support the conclusion that restrictions on ozone-depleting chemicals set by the Montreal Protocol and its later amendments are steadily helping the ozone layer recover. They note that the layer is still expected to return to pre-ozone hole conditions later this century as countries worldwide continue to replace ozone-depleting substances with less harmful alternatives.




"Since peaking around the year 2000, levels of ozone depleting substances in the Antarctic stratosphere have declined by about a third relative to pre-ozone-hole levels," said Stephen Montzka, senior scientist with NOAA's Global Monitoring Laboratory.

"This year's hole would have been more than one million square miles larger if there was still as much chlorine in the stratosphere as there was 25 years ago," added NASA's Newman.

Weather balloon observations showed that in 2025, the ozone layer directly over the South Pole dropped to a minimum of 147 Dobson Units on October 6. For comparison, the lowest value ever measured over the South Pole was 92 Dobson Units in October 2006.

What ozone is and why it matters for life on Earth

Earth's ozone-rich layer functions like a global sunscreen that protects living things from harmful ultraviolet (UV) radiation from the sun. This layer resides in the stratosphere, which lies between 7 and 31 miles above Earth's surface. When ozone levels drop, more UV rays reach the ground, increasing the risk of crop damage and contributing to higher rates of skin cancer and cataracts, along with other negative health effects.

Ozone depletion begins when certain chlorine- and bromine-containing compounds reach the stratosphere, where intense UV radiation breaks them apart and releases reactive forms of chlorine and bromine. These reactive substances then interact with ozone molecules and destroy them. For many years, compounds such as Chlorofluorocarbons (CFCs) and other ozone-depleting substances were widely used in aerosol sprays, foam products, air conditioners and refrigerators, and the chlorine and bromine in these chemicals can remain in the atmosphere for long periods. American leadership in science, technology, and policy has been central to identifying these risks and driving actions that protect the ozone layer as well as the health and prosperity of the American people.




Legacy chemicals and projected ozone hole recovery

Although these chemicals are now banned, many still linger in older materials such as building insulation and in landfills. As emissions from these legacy sources gradually diminish, scientists expect the ozone hole over Antarctica to recover (get smaller) by around the late 2060s.

Laura Ciasto, a meteorologist with NOAA's Climate Prediction Center and a member of the ozone research team, noted that conditions such as temperature, overall weather patterns and the strength of the band of winds circling Antarctica known as the polar vortex also affect ozone levels and the size of the ozone hole from year to year. "A weaker-than-normal polar vortex this past August helped keep temperatures above average and likely contributed to a smaller ozone hole," said Ciasto.

Global network tracks ozone from space and the surface

Keeping an eye on the ozone layer takes a team of observing systems spread across the globe. Scientists monitor ozone using instruments aboard NASA's Aura satellite, the NOAA-20 and NOAA-21 satellites, and the Suomi National Polar-orbiting Partnership satellite that is jointly operated by NASA and NOAA.

NOAA scientists also rely on instruments carried by weather balloons, along with upward-looking surface-based instruments, to directly measure stratospheric ozone above the South Pole Atmospheric Baseline Observatory.
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Hornet-eating frog shows remarkable venom resistance | ScienceDaily
A frog with an unexpectedly strong resistance to venom has been identified, and it routinely eats hornets despite the insects' dangerous stingers. Researchers believe this species may become a useful model organism for exploring how animals develop tolerance to venom.


						
For many people, even glimpsing a hornet's stinger is enough to cause alarm. Yet certain animals, including some birds, spiders, and frogs, regularly prey on adult hornets. A hornet sting can trigger sharp pain, tissue damage, and serious systemic problems such as the destruction of red blood cells and cardiac dysfunction, any of which can be fatal. What has remained uncertain is whether hornet-eating animals actually withstand the venom or simply avoid being stung. According to Kobe University ecologist Shinji Sugiura, "Although stomach-content studies had shown that pond frogs sometimes eat hornets, no experimental work had ever examined how this occurs."

Testing Whether Frogs Endure Hornet Stings

To investigate whether pond frogs evade or tolerate these potentially lethal stings, Sugiura presented individual adult frogs with workers of three hornet species, Vespa simillima, V. analis, and V. mandarinia, in controlled laboratory trials. Each frog was tested only once and paired with hornets that matched its size, with larger frogs being paired with Asian giant hornet (V. mandarinia) workers.

As reported in the journal Ecosphere, Sugiura found clear evidence that adult pond frogs actively launched attacks on workers of all three hornet species. Even more striking, 93%, 87%, and 79% of the frogs succeeded in consuming V. simillima, V. analis, and V. mandarinia, respectively, despite being stung inside the mouth or even in the eyes. Sugiura notes that "While a mouse of similar size can die from a single sting, the frogs showed no noticeable harm even after being stung repeatedly. This extraordinary level of resistance to powerful venom makes the discovery both unique and exciting."

What Makes a Sting Painful or Lethal

Earlier research has shown that the pain caused by stinging insects does not always match the lethality of their venom. Some bees, wasps, and ants deliver extremely painful but non-lethal stings, while others inflict minimal pain despite possessing highly toxic venom. This suggests that the frogs in the study may have developed a dual resistance to both the painful and harmful effects of hornet venom, allowing them to successfully hunt and consume hornet workers.

Future Questions About Venom Tolerance

Sugiura explains that this finding raises major questions for future research. Scientists now hope to determine whether pond frogs possess physiological traits, such as physical barriers or specific proteins, that reduce the pain and toxicity of hornet venom, or whether hornet toxins are simply ineffective in amphibians that rarely attack hornet colonies. These frogs may therefore become important model organisms for studying how vertebrates develop resistance to venom and pain.

This research was funded by the Japan Society for the Promotion of Science KAKENHI (grants JP23K18027 and JP24K02099).
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Scientists capture flu viruses surfing into human cells in real time | ScienceDaily
Fever, aching limbs and a runny nose -- as winter returns, so too does the flu. The disease is triggered by influenza viruses, which enter our body through droplets and then infect vulnerable cells.


						
A research team from Switzerland and Japan has taken an exceptionally close look at how this virus behaves. Using a microscopy approach they created themselves, the scientists can zoom in on the outer surface of human cells in a Petri dish. This setup has enabled them to watch, live and in sharp detail, the moment an influenza virus penetrates a living cell.

Under the direction of Yohei Yamauchi, Professor of Molecular Medicine at ETH Zurich, the group discovered something unexpected. The cells do not simply sit idle while the influenza virus approaches. Instead, they appear to make an effort to seize it. "The infection of our body cells is like a dance between virus and cell," says Yamauchi.

Viral Surfing on the Cell Surface

Although cells gain nothing from being infected, the interaction looks active because the virus exploits a routine cellular uptake system that the cells cannot do without. This system normally brings essential substances such as hormones, cholesterol or iron into the cell.

To begin infection, an influenza virus attaches to specific molecules on the cell surface. The process resembles surfing on the membrane. The virus moves along the surface, latching onto one molecule after another, until it arrives at a site rich in these receptors. A spot with many receptors side by side provides the most efficient entry route.

When the cell's receptors detect that the virus has attached, the membrane begins forming a small indentation at that spot. A structural protein named clathrin shapes and supports this deepening pocket. As the pocket expands, it wraps around the virus and forms a vesicle. The cell then pulls this vesicle inward, where the coat dissolves and releases the virus.




Why Earlier Microscopy Fell Short

Previous attempts to study this crucial moment in infection relied on methods like electron microscopy, which require destroying the cells to obtain an image. As a result, they captured only single moments in time. Fluorescence microscopy, another common tool, offers live imaging but at low spatial resolution.

ViViD-AFM Sheds Light on Viral Entry

The new method, which merges atomic force microscopy (AFM) with fluorescence microscopy, is called virus-view dual confocal and AFM (ViViD-AFM). This combined approach makes it possible to track the fine-scale movements involved as the virus enters the cell.

With this tool, the researchers demonstrated that cells assist the virus at several stages of entry. They summon important clathrin proteins to the site where the virus is attached. The membrane at that point also pushes upward, almost as if trying to seize the virus. These wave-like motions intensify if the virus tries to drift away from the surface.

Implications for Antiviral Research

Because ViViD-AFM allows scientists to observe infection while it is happening, it offers a valuable way to test antiviral drug candidates directly in cell cultures. The team notes that the technique may also be applied to studying other viruses or even vaccines, giving researchers a real-time view of how these particles interact with cells.
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The solar mission that survived disaster and found 5,000 comets | ScienceDaily
On December 2, 1995, the ESA/NASA Solar and Heliospheric Observatory (SOHO) lifted off for what was originally planned as a two-year mission.


						
From a position 1.5 million km away from Earth, located between our planet and the Sun, SOHO has an uninterrupted view of the solar surface. Since launch, it has provided an almost unbroken record of solar activity spanning nearly three full 11-year solar cycles.

"It is testament to the ingenuity of our engineers, operators and scientists, and to international collaboration, that this mission has exceeded all expectations," says Prof. Carole Mundell, ESA Director of Science. "SOHO has overcome nail-biting challenges to become one of the longest-operating space missions of all time."

"The SOHO mission is a great example of the incredible partnerships between NASA and ESA," adds Nicky Fox, associate administrator, Science Mission Directorate at NASA Headquarters in Washington. "Congratulations to the NASA and ESA teams on an amazing thirty years working together."

Despite its achievements, SOHO's journey has not been smooth. About two-and-a-half years after launch, the spacecraft experienced a major malfunction that sent it into an uncontrolled spin and severed communications with Earth. For three months, an international team worked continuously to find the spacecraft and bring it back to life.

Another serious setback occurred in November and December 1998, when its stabilizing gyroscopes failed. Engineers quickly developed new software, and by February 1999, SOHO could operate without gyroscopes. This breakthrough allowed it to continue gathering data that would go on to reshape the field of solar science.

"SOHO pioneered new fields in solar science. It is a game-changer in the study of space weather, providing real-time monitoring of the Sun to forecast potentially dangerous solar storms heading towards Earth, and its legacy continues to guide future missions," says Daniel Muller, ESA Project Scientist for SOHO and Solar Orbiter.




"SOHO is still producing high-quality data on a daily basis, and with hundreds of papers being published every year, its scientific productivity remains very high."

Daniel's new paper 'SOHO's 30-year legacy of observing the Sun' was published in Nature Astronomy on December 2, 2025.

Here are five highlights from the last five years:

1. A single plasma conveyor belt

SOHO became a leading instrument in the development of helioseismology, which studies how sound waves move through the Sun in a way similar to how seismic waves reveal the interior of Earth. Early in the mission, SOHO captured the first images of plasma flows (electrically charged material) beneath the solar surface, giving scientists an unprecedented look inside the Sun.

Because SOHO has remained active for so long, researchers have been able to answer a long-standing question: plasma circulates in a single loop, or cell, within each hemisphere of the Sun, instead of in multiple cells as once believed.




The observations show that plasma takes roughly 22 years to complete this full circuit. It rises from regions near the equator toward the poles before sinking deep inside the Sun and moving back toward the equator. This timing matches the Sun's magnetic cycle and helps explain why sunspots, which are produced when strong magnetic fields break through the surface, tend to appear progressively closer to the equator as each solar cycle unfolds.

2. Does the Sun shine steadily?

Measuring the energy emitted by the Sun is essential for understanding how solar heating influences Earth's atmosphere and climate. SOHO's long-running record, paired with earlier datasets, now provides nearly fifty years of high-quality observations.

Scientists have found that the Sun's total energy output changes very little, varying by only about 0.06% over the solar cycle. However, its extreme ultraviolet radiation changes far more significantly, doubling between solar minimum and solar maximum. This form of radiation affects the chemistry and temperature in Earth's upper atmosphere, but it is not a direct cause of the long-term warming trend near the planet's surface.

3. Solar storm monitoring made law

SOHO has played such a pivotal role in the development of real-time space weather monitoring systems that it was signed into United States law in October 2020.

The 'Promoting Research and Observations of Space Weather to Improve the Forecasting of Tomorrow' (PROSWIFT) act specifically mentions SOHO's Large Angle and Spectrometric Coronagraph (LASCO) instrument.

LASCO is a coronagraph, a telescope with a disc masking the centre of view. By blocking out the direct light coming from the Sun, the instrument can see light from the surrounding atmosphere, called the corona. This allows us to see coronal mass ejections -- large eruptions of solar material and magnetic fields -- as they set off from the Sun, providing up to three days warning of potentially disruptive incoming space weather reaching Earth.

4. 5,000 comets -- and counting!

The telescope's prowess as a comet hunter was unplanned, but turned out to be an unexpected success. Thanks to the screening effect of SOHO's coronagraph, 'sungrazer' comets -- those that approach the Sun at very close distances -- also become visible.

Not all comets seen by SOHO are sungrazers. For example, it also beautifully captured Comet Tsuchinshan-ATLAS, also called the Great Comet of 2024, a non-periodic comet from the outer reaches of the Solar System.

SOHO discovered its 5,000th comet in March 2024, making it the most prolific comet-discoverer in history. Most of these have been found by citizen scientists worldwide through the Sungrazer Project. The observations have provided valuable data on the movement, composition and dust production of comets.

5. Enabling future discoveries

SOHO's longevity and accomplishments have influenced the design, goals, and collaborative approach of new solar observatories. It has also helped set standards for open data and international cooperation in solar research.

For example, the ESA-led Solar Orbiter mission is imaging the solar poles from higher latitude and flying much closer to the Sun, with many of its instruments being successors of SOHO's. Similarly, NASA's Solar Dynamics Observatory carries improved versions of SOHO's instruments to continue the legacy that SOHO began in areas of full-disc imaging and helioseismology. Moreover, SOHO frequently contributes to 'multipoint' measurements, providing essential context for Solar Orbiter and NASA's Parker Solar Probe as they fly along their own unique orbits around the Sun.

Even more recently, ESA's Proba-3 took to the skies to open up new views of the Sun's faint corona, while the Agency's upcoming Vigil mission will be the first to monitor the Sun from the 'side', detecting solar storms before they roll into SOHO's line-of-sight.

"SOHO is an all-round shining success, thanks to the dedication of the teams keeping this incredible machine flying," says Daniel. "Its science remains valuable and relevant, serving generations of scientists, and I'm certain that its legacy will continue to guide solar science for decades to come."
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Space is filling with junk and scientists have a fix | ScienceDaily
Each rocket launch sends valuable materials into the sky that cannot be recovered, while also releasing large amounts of greenhouse gases and chemicals that damage the ozone layer. A new paper published December 1 in the Cell Press journal Chem Circularity examines how familiar ideas like reducing, reusing, and recycling could be built into the way satellites and spacecraft are designed, repaired in orbit, and handled at the end of their service lives.


						
"As space activity accelerates, from mega-constellations of satellites to future lunar and Mars missions, we must make sure exploration doesn't repeat the mistakes made on Earth," says senior author and chemical engineer Jin Xuan of the University of Surrey. "A truly sustainable space future starts with technologies, materials and systems working together."

Growing debris and the problem of abandoned satellites

The environmental toll continues long after launch. Most spacecraft and satellites are never recycled, which means that large amounts of material are permanently lost when missions end. Many older satellites are shifted into "graveyard orbits," while others become drifting orbital debris that can disrupt the operation of active systems.

The authors argue that this approach cannot continue, especially with the increasing pace of private space missions. They highlight the need for a circular space economy, a model in which materials and equipment are created with reuse, repair, and recycling in mind. They also note that industries such as personal electronics and automotive manufacturing have already adopted similar ideas with considerable success.

"Our motivation was to bring the conversation about circularity into the space domain, where it's long overdue," says Xuan. "Circular economy thinking is transforming materials and manufacturing on Earth, but it's rarely applied to satellites, rockets, or space habitats."

Applying the 3 Rs to spacecraft, satellites, and space stations

According to the team, the foundation of a circular space economy lies in the 3 Rs: reduce, reuse, and recycle. Reducing waste would begin with building satellites and spacecraft that last longer and can be fixed more easily in space. They also suggest turning space stations into multifunctional centers where spacecraft can refuel, undergo repairs, or even have new components manufactured, which could cut down on the number of launches required.




The authors add that bringing spacecraft and space stations safely back to Earth for reuse would require better recovery systems, including technologies such as parachutes and airbags. They point out that equipment in space experiences significant wear because of extreme temperatures and radiation, so any part intended for reuse would need to pass strict safety checks.

Recovering orbital debris and using advanced technology for safer space operations

The researchers also recommend new efforts to gather orbital debris, such as using robotic arms or nets to collect fragments so the materials can be recycled. This would also help prevent collisions that create even more debris.

Data-driven tools will play an important role in this transition, the authors say. Information gathered from spacecraft could guide improvements in design and help limit waste, while simulation tools may reduce the need for expensive physical testing. They add that AI systems could help spacecraft and satellites avoid dangerous debris in real time.

Transforming the entire space system through innovation and global cooperation

The authors emphasize that a circular space economy represents a major shift in how the space sector works. Instead of focusing on single pieces of hardware, the entire system needs to be considered at once, from the materials used to how spacecraft are operated and retired.




"We need innovation at every level, from materials that can be reused or recycled in orbit and modular spacecraft that can be upgraded instead of discarded, to data systems that track how hardware ages in space," says Xuan.

"But just as importantly, we need international collaboration and policy frameworks to encourage reuse and recovery beyond Earth. The next phase is about connecting chemistry, design, and governance to turn sustainability into the default model for space."

This research received support from the UK Engineering and Physical Sciences Research Council, the Leverhulme Trust, and the Surrey-Adelaide Partnership Fund.
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Early Earth's sky may have created the first ingredients for life | ScienceDaily
Earth's ancient sky may have played a larger role in the beginnings of life than scientists once believed.


						
According to a study published Dec. 1 in the Proceedings of the National Academy of Sciences, researchers from CU Boulder and their collaborators report that billions of years ago, the young planet's atmosphere may have been generating sulfur-based molecules that are known today as important components for life.

This discovery challenges the long-standing idea that these sulfur molecules formed only after life had already taken hold on Earth.

"Our study could help us understand the evolution of life at its earliest stages," said first author Nate Reed, a postdoctoral fellow at NASA who conducted the research while working in the Department of Chemistry and the Cooperative Institute for Research in Environmental Sciences (CIRES) at CU Boulder.

Sulfur's Importance and Why the Findings Matter

Sulfur, much like carbon, is a vital element found in every form of life, from bacteria to humans. It appears in certain amino acids, which serve as the basic building blocks of proteins.

Although sulfur was present in the early atmosphere, most scientists believed that organic sulfur molecules, such as amino acids, arose only after living organisms were already present and producing them.




Earlier attempts to simulate early Earth conditions often failed to generate meaningful amounts of sulfur biomolecules before life existed. When these molecules did appear, they formed only under unusual or highly specific conditions that were unlikely to have been common across the planet.

Because of this background, the scientific community reacted strongly when the James Webb Space Telescope detected dimethyl sulfide, a sulfur compound produced by marine algae on present-day Earth, in the atmosphere of an exoplanet called K2-18b. Many considered it a possible sign of life.

New Experiments Reveal Atmospheric Chemistry at Work

However, previous work by Reed and senior author Ellie Browne, a chemistry professor and CIRES fellow, showed that dimethyl sulfide could form naturally in the lab using only light and simple atmospheric gases. This indicated that the molecule might appear even on worlds without life.

In their latest experiment, Browne, Reed, and their team tested what Earth's early sky might have been capable of producing. They illuminated a mixture of methane, carbon dioxide, hydrogen sulfide, and nitrogen to recreate atmospheric conditions from before life emerged.

Working with sulfur is challenging, Browne noted. The element sticks to laboratory equipment, and in the atmosphere, sulfur-based molecules are present at extremely low levels compared to CO2 and nitrogen. "You have to have equipment that can measure incredibly tiny quantities of the products," she said.




Using a very sensitive mass spectrometer to identify and measure chemical compounds, the researchers discovered that their early Earth simulation produced a wide range of sulfur biomolecules. These included the amino acids cysteine and taurine, along with coenzyme M, which plays a key role in metabolism.

A Sky Capable of Supporting a Growing Ecosystem

The team then estimated how much cysteine an entire ancient atmosphere might generate. Their calculations suggested that early Earth's sky could have produced enough cysteine to support about one octillion (one followed by 27 zeros) cells. By comparison, modern Earth contains roughly one nonillion (one followed by 30 zeros) cells.

"While it's not as many as what's present now, that was still a lot of cysteine in an environment without life. It might be enough for a budding global ecosystem, where life is just getting started," Reed said.

The researchers propose that these atmospheric biomolecules may have fallen to the surface through rainfall, potentially delivering the chemistry needed to help life begin.

"Life probably required some very specialized conditions to get started, like near volcanoes or hydrothermal vents with complex chemistry," Browne said. "We used to think life had to start completely from scratch, but our results suggest some of these more complex molecules were already widespread under non-specialized conditions, which might have made it a little easier for life to get going."
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Doomed ants send a final scent to save their colony | ScienceDaily
Ant societies behave like tightly integrated "superorganisms," where thousands of individuals work together in a way that resembles the coordinated activity of cells in a body. Researchers at the Institute of Science and Technology Austria (ISTA) have found that terminally ill ant brood release a distinctive odor, similar to the way infected body cells send out distress signals. This scent acts as an early alert that helps the colony quickly detect and eliminate infections before they spread. The findings were published in Nature Communications.


						
In many social animals, individuals often hide signs of illness to avoid being pushed aside by the group. Ant pupae take a very different route. When facing an infection they cannot survive, they produce a chemical alarm that warns their nestmates of the danger they represent.

Worker Ants Respond to the Warning Signal

As soon as worker ants detect this signal, they move rapidly. They open the infected pupa's cocoon, create small cuts in its outer surface, and apply formic acid, a natural antimicrobial compound produced by the workers themselves. This treatment kills the pathogens growing inside the pupa but also results in the pupa's death.

"What appears to be self-sacrifice at first glance is, in fact, also beneficial to the signaler: it safeguards its nestmates, with whom it shares many genes. By warning the colony of their deadly infection, terminally ill ants help the colony remain healthy and produce daughter colonies, which indirectly pass on the signaler's genes to the next generation," explains Erika Dawson, first author of the study and former postdoc in the Social Immunity' research group headed by Sylvia Cremer at ISTA.

The research, conducted with chemical ecologist Thomas Schmitt from the University of Wurzburg in Germany, documents this form of altruistic disease signaling in social insects for the first time. Without such a warning system, a dying ant could become highly infectious and threaten the entire colony. By signaling their condition early, the incurably ill make it possible for the colony to remove the threat before it escalates.

Why Ant Colonies Rely on Extreme Cooperation

At the scale of the colony, ants function as a "superorganism," where different members take on roles essential for group survival. Queens focus on reproduction, while workers manage everything from feeding to nest maintenance and health care. This mirrors the division of labor in the human body, where reproductive cells generate offspring and other cells perform daily biological tasks.




Both organisms and superorganisms depend on the close cooperation of reproductive and non-reproductive components. In ants, this cooperation is so extensive that it includes behaviors that benefit the colony even at the cost of the individual, such as sacrificing fatally infected brood.

Why an Early-Warning Signal Is Needed

A natural question is why ants have evolved such a sophisticated alarm system if sick individuals can simply remove themselves. Cremer explains, "Adult ants that approach death leave the nest to die outside the colony. Similarly, workers that have been exposed to fungal spores practice social distancing." However, this option is unavailable to brood, which cannot move independently. Like infected cells in the body, they require outside help.

Developing pupae and body cells face similar challenges and use similar strategies. Both release chemical cues that draw either immune cells or worker ants to them, allowing these helpers to remove potential infection sources. Immunologists refer to this cue as the "find-me and eat-me signal."

"The signal must be both sensitive and specific," Cremer adds. "It should help to identify all terminally-sick ant pupae but be precise enough to avoid triggering the unpacking of healthy pupae or those capable of overcoming the infection with their own immune system." This raises the question of how such precision is achieved.

How Infection Changes the Pupal Scent

Schmitt, whose work focuses on chemical communication in social insects, notes that workers can target a single sick pupa among many. "This means the scent cannot simply diffuse through the nest chamber but must be directly associated with the diseased pupa. Accordingly, the signal does not consist of volatile compounds but instead is made up of non-volatile compounds on the pupal body surface."




Two components of the ants' natural scent profile become stronger when a pupa is fatally infected. To test whether this odor shift alone triggers the disinfection response, researchers transferred the altered scent to healthy pupae and monitored the workers' behavior.

"We extracted the smell from the signaling pupae and applied it to healthy brood," Cremer says. The results showed that the scent alone was enough to make workers unpack the treated pupae, demonstrating that the altered odor of terminally infected brood functions in the same way as the "find-me and eat-me" signal seen in infected body cells.

Why Only Certain Pupae Send the Warning

According to Dawson, not all brood send this alarm signal. "Queen pupae, which have stronger immune defenses than worker pupae and can limit the infection on their own, were not observed to emit this warning signal to the colony," she explains. Worker pupae, however, lacked this ability and did signal for help.

By signaling only when an infection cannot be controlled, brood ensure that the colony responds only to genuine threats. This prevents unnecessary loss of individuals that are still capable of recovery. Cremer concludes, "This precise coordination between the individual and colony level is what makes this altruistic disease signaling so effective."

Information on Animal Studies

To better understand fundamental biological processes, such as those in behavioral biology, immunology or genetics, research involving animals is essential. No other methods, including in silico approaches, can fully replace these studies. All animals used in the experiments are collected, reared, and handled according to strict legal regulations.
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Scientists reveal what really drives the "freshman 15" | ScienceDaily
Do not schedule eight AM classes. Communicate with your roommate. Wash your bedding regularly. New college students hear countless tips as they prepare for campus life. Among them, one warning appears again and again: the idea of the "freshman 15." Many people treat weight gain in the first year of college as almost unavoidable, but what makes it so widespread?


						
An interdisciplinary research group led by Y. Alicia Hong, a professor in the Department of Health Administration and Policy who specializes in mobile and wearable technology, investigated this question. The team found that the college setting naturally encourages behaviors that increase how much students eat, which can lead to steady weight gain.

"Social and environmental factors are key determinants of eating behavior. College students are affected by the eating environment, especially where they eat and whom they eat with. Our research found that they consume more calories when eating in groups or formal dining settings," said Alicia Hong.

How Group Settings and Campus Locations Influence Eating

During a four-week period, participating students used a mobile app to track their food choices, eating locations, and emotional states such as stress and mood. The app data showed clear patterns: students tended to consume more food when they were with at least one other person and when they ate in places like dining halls or restaurants. When students ate alone or at home, their overall intake was lower.

Misjudging Portions and the Role of Emotion

The findings also suggested that many college students are not fully aware of their actual eating habits. Their self-reported perceptions often did not match the caloric intake recorded through the app. Gender and emotional influences, including stress and mood fluctuations, added additional layers to the complexity of these behaviors.




"College students' eating behaviors are complex, with individual, interpersonal, and environmental factors interacting to influence dietary intake. This research underscores the importance of context in dietary intervention and incorporating digital tools for dietary assessment," said Hong.

Who Conducted the Study and Where It Was Published

The research team included Distinguished University Professor in the Department of Nutrition and Food Studies Larry Cheskin, Associate Professor in the Department of Health Administration and Policy Hong Xue, and MS Health Informatics graduate Jo-Vivian Yu.

The study, titled "The Dynamics of Eating Behaviors and Eating Environment in College Students: Discrepancies Between App-Tracked Dietary Intake and Self-Perceived Food Consumption," was published in mHealth. It was supported by the George Mason University College of Public Health Pilot Grant (PI: YAH).
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Engineered imperfections supercharge graphene's power | ScienceDaily
Recent research has revealed a technique for producing graphene that deliberately incorporates structural defects to enhance its performance. This strategy could help advance several fields, including sensors, batteries and electronics.


						
Scientists from the University of Nottingham's School of Chemistry, the University of Warwick and Diamond Light Source created a single-step approach that grows graphene-like films using a molecule called Azupyrene. The shape of this molecule closely resembles the type of defect the researchers wanted to introduce. Their findings were published recently in Chemical Science.

Why Imperfections Can Improve Graphene

David Duncan, Associate Professor from the University of Nottingham and one of the study's lead authors, explains: "Our study explores a new way to make graphene, this super-thin, super-strong material is made of carbon atoms, and while perfect graphene is remarkable, it is sometimes too perfect. It interacts weakly with other materials and lacks crucial electronic properties required in the semiconductor industry.

"Usually defects in material are seen as problems or mistakes that reduce performance, we have used them intentionally to add functionality. We found the defects can make the graphene more "sticky" to other materials, making it more useful as a catalyst, as well as improving its capability of detecting different gasses for use in sensors. The defects can also alter the electronic and magnetic properties of the graphene, for potential applications in the semiconductor industry."

Azupyrene Enables Precise Control of Defect Formation

Graphene is normally built from a repeating pattern of six carbon atoms arranged in a flat ring. The defect targeted in this research consists of neighboring 5 and 7 atom rings. Azupyrene naturally contains this type of irregular ring pattern, making it an ideal starting molecule. By using Azupyrene to grow the graphene films, the team achieved a high concentration of this specific defect. Adjusting the temperature during the growth phase allowed the researchers to fine-tune how many defects appeared in the final material.




Researchers at the Graphene Institute in Manchester also showed that the resulting graphene could be transferred onto a variety of surfaces while keeping the engineered defects intact, an important step toward integrating these films into real devices.

International Collaboration and Advanced Tools Reveal Atomic Behavior

The project relied on a broad set of advanced techniques and involved teams from the UK, Germany and Sweden. Researchers used high-resolution microscopy and spectroscopy at Diamond Light Source in Oxfordshire and at MAX IV in Sweden, along with the UK national supercomputer ARCHER2. These tools enabled them to examine the atomic structure of the defective graphene, confirm the presence of the engineered defects and determine how they influenced the material's chemical and electronic behavior.

Professor Reinhard Maurer from the Department of Chemistry at the University of Warwick states: "By carefully choosing the starting molecule and the growth conditions, we've shown it's possible to grow graphene in which imperfections can be introduced in a more controlled way. We characterize the signatures of these imperfects by bringing together atomic-scale imaging, spectroscopy, and computational simulation."

"This study is a testament to what can be achieved through international collaboration and the integration of diverse scientific expertise," said Dr. Tien-Lin Lee from Diamond Light Source. "By combining advanced microscopy, spectroscopy, and computational modelling across institutions in the UK, Germany, and Sweden, we were able to uncover the atomic-scale mechanisms behind defect formation in graphene, something no single technique or team could have achieved alone."
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Surprising optics breakthrough could transform our view of the Universe | ScienceDaily
Gravitational-wave detectors may soon get a major performance boost, thanks to a new instrumentation advance led by physicist Jonathan Richardson of the University of California, Riverside. In a paper published in the journal Optica, Richardson and his colleagues describe FROSTI, a full-scale prototype that successfully controls laser wavefronts at extremely high power inside the Laser Interferometer Gravitational-Wave Observatory, or LIGO.


						
LIGO is an observatory that measures gravitational waves -- tiny ripples in spacetime created by massive accelerating objects such as colliding black holes. It was the first facility to directly detect these waves, providing strong support for Einstein's Theory of Relativity. Using two 4-km-long laser interferometers located in Washington and Louisiana, LIGO senses incredibly small disturbances, giving scientists a new way to study black holes, cosmology, and matter under extreme conditions.

LIGO relies on mirrors that are among the most carefully engineered components in modern science. Each mirror is 34 cm across, 20 cm thick, and weighs about 40 kg. To detect distortions in spacetime that are smaller than 1/1,000th the diameter of a proton, these mirrors must be held almost perfectly still. Even tiny vibrations or environmental noise can drown out the faint gravitational-wave signals that LIGO is trying to detect.

"At the heart of our innovation is a novel adaptive optics device designed to precisely reshape the surfaces of LIGO's main mirrors under laser powers exceeding 1 megawatt -- more than a billion times stronger than a typical laser pointer and nearly five times the power LIGO uses today," said Richardson, an assistant professor of physics and astronomy. "This technology opens a new pathway for the future of gravitational-wave astronomy. It's a crucial step toward enabling the next generation of detectors like Cosmic Explorer, which will see deeper into the universe than ever before."

FROSTI: precision thermal control for LIGO mirrors

FROSTI, short for FROnt Surface Type Irradiator, is a precision wavefront control system designed to cancel out distortions produced when intense laser light heats LIGO's optics. Existing systems can only make relatively coarse corrections, but FROSTI uses a more advanced thermal projection method to apply fine, higher-order adjustments to the mirror surfaces. This level of control is essential for the more demanding performance requirements of future detectors.

Despite its icy name, FROSTI operates by warming the surface of the mirror in a very controlled way that returns it to its ideal optical shape. By using thermal radiation, the system projects a carefully tailored heat pattern onto the mirror. This smooths out optical distortions while avoiding extra noise that could be mistaken for real gravitational-wave signals.




Why better optics matter for gravitational-wave astronomy

Gravitational waves were first detected by LIGO in 2015, marking the beginning of a new era in astronomy. To fully exploit this new way of observing the universe, however, upcoming detectors need to see more distant events and measure them with greater clarity.

"That means pushing the limits on both laser power and quantum-level precision," Richardson said. "The problem is, increasing laser power tends to destroy the delicate quantum states we rely on to improve signal clarity. Our new technology solves this tension by making sure the optics remain undistorted, even at megawatt power levels."

With this approach, the new technology is expected to expand the observable gravitational-wave universe by a factor of 10. That increase in reach could allow astronomers to detect millions of black hole and neutron star mergers across cosmic history, and to study them with unprecedented detail.

Looking Ahead: LIGO A# and Cosmic Explorer

FROSTI is expected to be a key component of LIGO A#, a planned upgrade that will act as a testbed for the next-generation observatory known as Cosmic Explorer. The current prototype has been demonstrated on a 40-kg LIGO mirror, but the same principles can be scaled up and adapted to the much larger 440-kg mirrors proposed for Cosmic Explorer.

"The current prototype is just the beginning," Richardson said. "We're already designing new versions capable of correcting even more complex optical distortions. This is the R&D foundation for the next 20 years of gravitational-wave astronomy."

Richardson conducted the research in collaboration with scientists at UCR, MIT, and Caltech.

The work was supported by a grant to Richardson from the National Science Foundation.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251203004736.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A tiny citrus pest is hiding a biological mystery never seen before | ScienceDaily
A multinational group of scientists has identified a previously unknown tubular structure within Profftella, a symbiotic bacterium linked to a major pest that affects citrus crops around the world. The finding was made possible through advanced microscopy techniques and could influence future approaches to pest management as well as research on how complex biological features evolve.


						
A collaborative team from Pusan National University, the National Institute for Physiological Sciences, Kobe University, and Toyohashi University of Technology reported the discovery of this unusual tube-like structure within Candidatus Profftella armatura, which lives inside the Asian citrus psyllid (Diaphorina citri). Their results appear in Npj Imaging.

Advanced Imaging Reveals Large Helical Tubes in Profftella

The Asian citrus psyllid is an important agricultural threat responsible for severe citrus crop losses worldwide, ultimately affecting both yield and market prices. The insect carries Profftella, a symbiotic bacterium that is passed from parent to offspring and plays a key role in the insect's survival. Profftella is also known for producing toxic compounds that help the psyllid defend itself from predators.

Using 3D electron microscopy, researchers observed that Profftella cells are extremely elongated, reaching lengths of more than 100 micrometers. Inside these stretched cells, the team identified multiple long tubular structures, each spanning tens of micrometers. The tubes measure about 230 nm in diameter and are made of 5 to 6 right-handed helical fibers that twist together. They consistently occupy a substantial part of each Profftella cell. Assistant Professor Chihong Song of Pusan National University, the study's first author, noted, "Typically, bacteria lack such complex organelles. Moreover, I was surprised to find that this tube is so stable and robust that it maintains its shape during high-vacuum electron microscopy observation without chemical fixation or embedding."

Tubules Packed With Ribosomes Suggest New Biological Functions

Follow-up studies using additional methods, including optical microscopy, revealed that the interior of these tubes contains many ribosomes, the structures responsible for protein production. Associate Professor Atsushi Nakabachi of Toyohashi University of Technology, a corresponding author of the work, explained, "Based on this, the tubes may be involved in protein synthesis. Given their sturdiness, they could also provide physical support to the elongated Profftella cells, and maybe even act like a scaffold for material transport -- kind of like the cytoskeleton in eukaryotic cells."

Implications for Bacterial Evolution and Citrus Pest Control

The researchers highlight that this tubular structure represents an exceptionally rare example of an organelle within bacteria. Its discovery challenges long-standing assumptions that bacteria are inherently simple and lack such internal complexity. The finding offers new clues into how cellular features may have evolved and could contribute to the development of targeted strategies to manage the Asian citrus psyllid, which is a serious concern for global agriculture.

This study received funding from the Japan Society for the Promotion of Science KAKENHI (grant numbers 21687020, 26292174, 20H02998 and 25K02023 to AN), the Collaborative Study by High Voltage Electron Microscopy Program (2015-502, 2016-502) of National Institute for Physiological Sciences to AN, and a National Research Foundation of Korea (NRF) grant RS-2024-00440289 to CS.
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A common constipation drug shows a surprising ability to protect kidneys | ScienceDaily
Chronic kidney disease (CKD) affects people across the globe and often progresses to the point where patients rely on routine dialysis to survive. Although the condition is widespread and serious, there are still no approved medications that can actively restore kidney function. A team led by Professor Takaaki Abe at the Tohoku University Graduate School of Medicine has uncovered an unexpected approach by repurposing a constipation medication. Their work marks the first time that this drug (lubiprostone) has been shown to slow the loss of kidney function in people with CKD.


						
"We noticed that constipation is a symptom that often accompanies CKD, and decided to investigate this link further," explains Abe. "Essentially, constipation disrupts the intestinal microbiota, which worsens kidney function. Working backwards, we hypothesized that we could improve kidney function by treating constipation."

Clinical Trial Shows Lubiprostone Helps Preserve Kidney Function

To test this idea, the research team organized a multicenter Phase II clinical study (LUBI-CKD TRIAL) across nine medical facilities in Japan. The trial enrolled 150 individuals with moderate CKD and examined how lubiprostone affected kidney health. When compared with participants who received a placebo, those given 8 mg or 16 mg of lubiprostone experienced a slower decline in kidney function. This finding was based on changes in the estimated glomerular filtration rate (eGFR), a standard measure used to evaluate kidney performance.

The scientists also explored why the drug had this protective effect. They determined that lubiprostone boosts the production of spermidine, a compound that enhances mitochondrial activity by encouraging the growth of beneficial gut bacteria. Improved mitochondrial function was linked to a renoprotective effect that helped limit additional kidney damage.

Next Steps and Potential for Personalized CKD Treatment

The team plans to expand their investigation through a Phase 3 clinical trial involving a larger group of participants. They also aim to identify biomarkers that could help predict which patients are most likely to benefit. Their long-term objective is to tailor treatment strategies to each person with CKD. This approach represents a significant shift from current CKD therapies, which focus mainly on lowering uremic toxins.

Overall, the findings indicate that certain laxatives may help slow the progression of kidney deterioration. This concept could also open doors to new treatments for conditions involving mitochondrial dysfunction. Details of the study were published in the scientific journal Science Advances.
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JWST finds a Milky Way twin born shockingly early in the Universe | ScienceDaily
Astronomers have identified a spiral galaxy that looks strikingly similar to the Milky Way in a period of the Universe when such organized systems were not expected to exist. Two researchers in India spotted this unusually developed galaxy only 1.5 billion years after the Big Bang, a timing that calls long-established ideas of galaxy growth into question.


						
NASA's James Webb Space Telescope (JWST), which can detect extremely faint and distant light, made the find possible. With its powerful infrared vision, researchers Rashi Jain and Yogesh Wadadekar observed a system that closely resembles the Milky Way, even though it formed when the Universe was roughly a tenth of its current age. They named the galaxy Alaknanda, inspired by a Himalayan river that is one of the twin headstreams of the Ganga alongside the Mandakini, a name that also happens to be the Hindi word for the Milky Way.

This work was conducted at the National Centre for Radio Astrophysics of the Tata Institute of Fundamental Research (NCRA-TIFR) in Pune, India, and the results appear in the European journal Astronomy & Astrophysics.

Why This Galaxy Should Not Exist So Early

Astronomers typically expect early galaxies to look chaotic and irregular rather than structured and stable. Classic spiral galaxies with two well-shaped arms (known as a 'grand-design' spiral) are thought to require several billion years to fully develop. Forming such a galaxy involves slow, steady gas accretion, the settling of that gas into a rotating disk, and the emergence of density waves that sculpt spiral arms. On top of that, the system must avoid major collisions that could disrupt or destroy its delicate structure.

Alaknanda does not fit this pattern at all. It already displays two prominent, sweeping arms that encircle a bright central bulge, stretching across about 30,000 light-years. It is also forming stars at an exceptional pace, creating the equivalent mass of about 60 Suns each year. That rate is about 20 times faster than the Milky Way today. Roughly half of the stars in Alaknanda seem to have formed within only 200 million years, which is extremely rapid on cosmic timescales.

"Alaknanda has the structural maturity we associate with galaxies that are billions of years older," says Rashi Jain. "Finding such a well-organized spiral disk at this epoch tells us that the physical processes driving galaxy formation -- gas accretion, disk settling, and possibly the development of spiral density waves -- can operate far more efficiently than current models predict. It's forcing us to rethink our theoretical framework."

How Gravitational Lensing Helped Reveal Alaknanda




Alaknanda appears in the direction of a massive galaxy cluster known as Abell 2744, or Pandora's Cluster. The cluster's gravity bends and amplifies the light from galaxies behind it, an effect called gravitational lensing. This natural magnification made Alaknanda appear about twice as bright, giving JWST a clearer view of its spiral structure.

To study the galaxy in depth, Jain and Wadadekar examined JWST images taken through up to 21 different filters, each capturing a separate slice of its light. These observations, part of JWST's UNCOVER and MegaScience surveys, allowed the researchers to determine the galaxy's distance, the amount of dust it contains, how many stars it has formed, and how its star formation rate has changed over time with unusual precision.

A Universe That Grew Up Faster Than Expected

JWST has already revealed several surprisingly mature disk galaxies at great distances, but Alaknanda stands out as one of the clearest early examples of a classic grand-design spiral (a galaxy with two well-defined, symmetric arms). Its existence adds to growing evidence that the early Universe was far more advanced than scientists once thought.

"Alaknanda reveals that the early Universe was capable of far more rapid galaxy assembly than we anticipated," says Yogesh Wadadekar. "Somehow, this galaxy managed to pull together ten billion solar masses of stars and organize them into a beautiful spiral disk in just a few hundred million years. That's extraordinarily fast by cosmic standards, and it compels astronomers to rethink how galaxies form."

Researchers now want to understand what created Alaknanda's spiral arms. One idea is that steady inflows of cold gas allowed density waves to naturally shape the arms. Another possibility is that a smaller companion galaxy passed close enough to trigger the spiral pattern, although such tidal spirals usually fade quickly. Follow-up observations using JWST's spectroscopic instruments or the Atacama Large Millimeter Array (ALMA) in Chile could reveal whether the disk rotates smoothly (dynamically "cold") or shows signs of turbulence (dynamically "hot"), providing clues to its formation.




What This Discovery Means for Understanding Cosmic History

Alaknanda is more than an impressive image from the distant past. Its presence forces astronomers to reevaluate the timeline of cosmic evolution, including how stars, galaxies, and ultimately planets such as Earth came into existence. If galaxies could organize themselves this quickly, then the early Universe was a far more active and productive environment than previously assumed, potentially allowing planetary systems to emerge earlier than expected.

As JWST continues to push deeper into space and time, more galaxies like Alaknanda are likely to be found, each offering new insight into how rapidly the early Universe built complex structures.

The existence of Alaknanda strengthens the case that the young Universe was capable of forming stable, disk-dominated systems much earlier than scientists believed, making it one of the most distant grand-design spiral galaxies ever identified.
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Scientists discover why anacondas stayed giants for 12 million years | ScienceDaily
A research group led by the University of Cambridge examined giant anaconda fossils found in South America and determined that these snakes reached their full body size about 12.4 million years ago. According to their analysis, anacondas have remained exceptionally large ever since.


						
During the period from 12.4 to 5.3 million years ago, known as the 'Middle to Upper Miocene', many animals grew far larger than their modern counterparts. This increase in size was influenced by higher global temperatures, widespread wetlands and abundant sources of food.

While several of these Miocene giants -- including the 12-meter caiman (Purussaurus) and the 3.2-meter giant freshwater turtle (Stupendemys) -- eventually disappeared, anacondas (Eunectes) persisted as a large-bodied lineage rather than shrinking or dying out.

Measuring Fossils to Reveal Ancient Snake Size

Modern anacondas are among the heaviest and longest snakes in existence. They generally grow to four or five meters, and in rare cases can reach seven meters.

To compare ancient and modern sizes, the researchers examined 183 fossilized backbone segments belonging to at least 32 individual anacondas. These fossils were uncovered in Falcon State in Venezuela. When the team combined these measurements with fossil data from other South American sites, they concluded that ancient anacondas measured roughly four to five metres, a size comparable to today's snakes.

The findings were published on December 1 in the Journal of Vertebrate Paleontology.




Why Anacondas Survived as Giants

"Other species like giant crocodiles and giant turtles have gone extinct since the Miocene, probably due to cooling global temperatures and shrinking habitats, but the giant anacondas have survived -- they are super-resilient," said Andres Alfonso-Rojas, a PhD student and Gates Cambridge Scholar in the Department of Zoology at the University of Cambridge and the study's lead author.

He continued: "By measuring the fossils we found that anacondas evolved a large body size shortly after they appeared in tropical South America around 12.4 million years ago, and their size hasn't changed since," said Alfonso-Rojas.

To confirm his measurements, Alfonso-Rojas applied a second technique called 'ancestral state reconstruction'. This method uses a family tree of snakes to infer the body lengths of ancient anacondas and related modern species such as tree boas and rainbow boas. The analysis supported the conclusion that early anacondas averaged four to five meters when they first emerged during the Miocene.

Ancient Habitats and Modern Survivors

Anacondas currently live in wetlands, marshes and major rivers including the Amazon. During the Miocene, northern South America looked much like today's Amazon Basin, which allowed anacondas to occupy a far wider range. Although their distribution has since contracted, enough suitable habitat remains, along with prey such as capybaras and fish, to support their continued large size.




Scientists previously assumed that ancient anacondas would have been even larger than modern ones because snakes are highly sensitive to temperature and the Miocene climate was warmer. Alfonso-Rojas addressed this directly: "This is a surprising result because we expected to find the ancient anacondas were seven or eight meters long. But we don't have any evidence of a larger snake from the Miocene when global temperatures were warmer."

Improved Fossil Evidence Sheds Light on Evolutionary Timing

Before this project, researchers lacked enough fossil material to determine exactly when anacondas developed their enormous size. Since these snakes have more than 300 vertebrae, the size of individual fossilized vertebrae offers a dependable way to estimate full body length.

The fossils analyzed in this study were gathered over several field seasons by collaborators at the University of Zurich and the Museo Paleontologico de Urumaco in Venezuela.
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Gas stoves are filling millions of homes with hidden toxic air | ScienceDaily
For many people in the United States, spending time indoors does not guarantee protection from harmful air pollution. A new study led by Stanford University and published Dec. 2 in PNAS Nexus reports that gas and propane stoves release significant amounts of nitrogen dioxide. This pollutant has been associated with asthma, obstructive pulmonary disease, preterm birth, diabetes, and lung cancer. According to the research, switching from gas to electric stoves lowers nitrogen dioxide exposure by more than one quarter nationwide and by about half for people who use their stoves most frequently. Earlier studies documented nitrogen dioxide from gas stoves, but this work is the first to examine both indoor and outdoor exposure across the entire country.


						
"We know that outdoor air pollution harms our health, but we assume our indoor air is safe." said study senior author Rob Jackson, the Michelle and Kevin Douglas Provostial Professor in Earth System Science at the Stanford Doerr School of Sustainability. "Our research shows that if you use a gas stove, you're often breathing as much nitrogen dioxide pollution indoors from your stove as you are from all outdoor sources combined."

Indoor pollution can be as dangerous as outdoor emissions

Outdoor air pollution contributes to hundreds of thousands of deaths in the U.S. each year and leads to millions of new cases of childhood asthma worldwide. Laws such as the U.S. Clean Air Act have helped reduce outdoor pollution, but indoor air remains largely unregulated even though it can pose similar risks. This new analysis is the first nationwide evaluation of how much nitrogen dioxide people encounter from both indoor and outdoor sources, including gas stoves, vehicle traffic, and electricity generation.

A 2024 investigation by the same research team found that gas stoves release nitrogen dioxide at unsafe levels that persist for hours after cooking ends.

Additional studies from several of the same authors have identified gas stoves as a source of benzene, a known carcinogen linked to leukemia and other blood disorders.

"It's time to redirect our focus to what's happening inside our homes, especially as families spend more time indoors," said study lead author Yannai Kashtan, an air quality scientist at PSE Healthy Energy who was a graduate student in Jackson's lab while conducting the research.




Mapping indoor and outdoor nitrogen dioxide exposure

To understand how people are exposed to nitrogen dioxide, the team combined indoor air measurements with outdoor pollution data, information on 133 million residential buildings, and statistics on household behavior. These data allowed researchers to determine where pollution originates and how it affects human health. The team also created national maps that show long-term and short-term nitrogen dioxide exposure by zip code for both indoor and outdoor environments.

For most people in the U.S., outdoor sources such as cars and trucks still account for the majority of nitrogen dioxide exposure. However, the maps showed that 22 million Americans, particularly those in smaller homes and in rural areas, experience nitrogen dioxide levels above recommended long-term limits from cooking with gas. In rural regions, stoves play a proportionally larger role in overall nitrogen dioxide exposure. Meanwhile, total exposure is highest in major cities, where outdoor nitrogen dioxide levels are already elevated and smaller living spaces allow stove emissions to accumulate more easily.

The study also found that the greatest short-term nitrogen dioxide spikes occur indoors and are directly caused by gas stove use. These sharp increases do not come from outdoor pollution but from concentrated bursts produced during cooking.

Who benefits most from cleaner cooking options

Efforts such as rebates and tax credits that promote electric stoves and other clean cooking technologies could significantly reduce harmful indoor pollution. These measures may have the greatest impact in smaller homes, rental properties where tenants cannot choose their appliances, and communities facing financial barriers to adopting electric stoves. Previous Stanford-led research showed that long-term NO2 exposure is 60 percent higher in American Indian and Alaska Native households and 20 percent higher in Black and Hispanic or Latino households compared to the national average. Many of these groups already face high outdoor nitrogen dioxide levels from vehicle exhaust and industrial activity.




"As we strive for cleaner air and healthier living, we should prioritize indoor air quality," Jackson said. "Switching to electric stoves is a positive step towards cleaner cooking and better health."

Jackson is also a senior fellow at the Stanford Woods Institute for the Environment and the Precourt Institute for Energy. 

Other coauthors of the study include Chenghao Wang of the University of Oklahoma; and Kari Nadeau of the Harvard T.H. Chan School of Public Health.

The study was funded by the Stanford Doerr School of Sustainability and its Department of Earth System Science, and Stanford's Knight-Hennessy Scholars Program.
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A routine shingles shot may offer powerful defense against dementia | ScienceDaily
An unusual vaccination rule in Wales has given scientists some of the clearest evidence so far that a vaccine might help protect against dementia. In a new study led by Stanford Medicine, researchers examined health records from older adults in Wales and found that people who received the shingles vaccine were 20% less likely to be diagnosed with dementia over the following seven years than those who did not receive the shot.


						
The results, published April 2 in Nature, support a growing idea that certain viruses that affect the nervous system may raise the chance of developing dementia. If these findings continue to hold up in future work, they suggest that a practical way to help prevent dementia could already exist.

A second analysis from the same team, published Dec. 2 in Cell, pointed to another potential benefit. In that study, the researchers reported that the vaccine might also help people who already have dementia by slowing how quickly the condition worsens.

Shingles virus, chicken pox and lifelong infection

Shingles is a viral disease that causes a painful, blistering rash. It is triggered by the same virus that leads to chicken pox -- varicella-zoster. When someone gets chicken pox, usually in childhood, the virus does not fully leave the body. Instead, it stays inactive inside nerve cells for life. In later years, especially in older adults or in people whose immune systems are weakened, this dormant virus can reactivate and cause shingles.

Dementia, brain changes and the viral hypothesis

Dementia currently affects more than 55 million people worldwide, and about 10 million new cases are diagnosed every year. For many years, most dementia research has centered on abnormal protein build-up in the brain, including plaques and tangles that are characteristic of Alzheimer's disease, the most common type of dementia. However, these efforts have not yet produced successful ways to prevent or halt the disease, so some scientists have turned their attention to other possible drivers, including infections by specific viruses that may damage the brain over time.




Earlier observational studies using health records had hinted that people who received the shingles vaccine were less likely to develop dementia. However, those studies had a serious limitation. People who choose to get vaccinated are often more health conscious in many ways that are hard to measure. They may eat differently, exercise more or engage with health care more regularly. Those lifestyle differences are known to influence dementia risk but are not recorded in medical databases.

"All these associational studies suffer from the basic problem that people who go get vaccinated have different health behaviors than those who don't," said Pascal Geldsetzer, MD, PhD, assistant professor of medicine and senior author of the new study. "In general, they're seen as not being solid enough evidence to make any recommendations on."

A rare natural experiment in Wales

About two years ago, Geldsetzer noticed an unusual opportunity in the way Wales had rolled out its shingles vaccination program. The setup functioned as what researchers call a "natural experiment," and it appeared to avoid much of the bias seen in earlier work. At that time, the country used a version of the shingles vaccine that contained a live-attenuated, or weakened, form of the virus.

The national program began on Sept. 1, 2013. Under the policy, anyone who was 79 years old on that date could receive the vaccine during the following year. (People who were 78 would become eligible the next year for one year, and so on.) People who were 80 or older on Sept. 1, 2013, were out of luck -- they would never become eligible for the vaccine.

Because eligibility depended only on age at a specific cut-off date, the difference between being just under or just over the age threshold had a major impact on who could get the shot. That allowed researchers to compare people who turned 80 shortly before Sept. 1, 2013, with those who turned 80 shortly after, and to see how being eligible for the vaccine changed long-term outcomes.




According to Geldsetzer, the detailed health records available in Wales made these circumstances about as close as possible to a randomized controlled trial without actually running one.

Comparing nearly identical groups

To take advantage of this setup, the team analyzed the health records of more than 280,000 older adults between 71 and 88 years old who did not have dementia at the beginning of the vaccination program. They then concentrated their analysis on people whose birthdays placed them just on either side of the eligibility line, comparing those who turned 80 in the week before Sept. 1 to those who turned 80 in the week after.

"We know that if you take a thousand people at random born in one week and a thousand people at random, born a week later, there shouldn't be anything different about them on average," Geldsetzer said. "They are similar to each other apart from this tiny difference in age."

The researchers reasoned that about the same share of people in both groups would have wanted the shingles shot. The crucial difference was that only the slightly younger group, those not yet 80 on Sept. 1, 2013, were permitted to receive it under the rules.

"What makes the study so powerful is that it's essentially like a randomized trial with a control group -- those a little bit too old to be eligible for the vaccine -- and an intervention group -- those just young enough to be eligible," Geldsetzer said.

Measuring protection against shingles and dementia

The team then tracked health outcomes for the next seven years, comparing people of similar ages who had been eligible or ineligible for the vaccine. By combining that information with actual vaccination rates, they could estimate the effect of receiving the shot. About half of the people who were eligible went on to be vaccinated, while almost none of those who were not eligible received it.

As expected, the vaccine lowered the rate of shingles over the seven-year follow-up by about 37% among those who were vaccinated, in line with clinical trial data. (The live-attenuated vaccine's effectiveness wanes over time.)

By 2020, when the individuals being studied were around 86 and 87 years old, one in eight had developed dementia. Among those who received the shingles shot, however, the likelihood of a dementia diagnosis was 20% lower compared with those who did not receive it.

"It was a really striking finding," Geldsetzer said. "This huge protective signal was there, any which way you looked at the data."

Ruling out other explanations

The researchers then searched for other factors that might explain the difference in dementia rates. They found that the two groups were extremely similar in all the characteristics they could measure. Education levels were the same for eligible and ineligible people. Those who were eligible for the shingles vaccine were not more likely to receive other vaccines or preventive therapies, and they were not less likely to have common illnesses such as diabetes, heart disease or cancer.

The only clear difference between the groups was the lower number of dementia diagnoses in those who had access to the shingles shot.

"Because of the unique way in which the vaccine was rolled out, bias in the analysis is much less likely than would usually be the case," Geldsetzer said.

Even so, the team tested the data in a variety of alternative ways, such as examining different age windows or focusing only on deaths that listed dementia as a cause. No matter how they sliced the information, the relationship between vaccination and lower dementia risk remained.

"The signal in our data was so strong, so clear and so persistent," he said.

Benefits from early decline to advanced dementia

The researchers next asked whether the apparent benefits of the vaccine were limited to preventing dementia, or whether they also extended to people who already showed signs of cognitive problems. Using the same natural experiment structure, they examined a broader range of outcomes, from mild cognitive changes to late-stage dementia.

Many cases of dementia are preceded by a period of mild cognitive impairment -- characterized by deficits in memory and cognitive skills that do not interfere with independent living, Geldsetzer said.

The team observed that people who had received the shingles vaccine were less likely to receive a diagnosis of mild cognitive impairment during a nine-year follow-up period than those who remained unvaccinated.

They also looked at people who already had dementia at the start of the Welsh vaccination program. In this group, the results were especially striking. Individuals with dementia who received the shingles shot were significantly less likely to die from dementia in the next nine years (as indicated on their death certificates) than those who did not receive the vaccine, suggesting that the disease may have progressed more slowly in the vaccinated group.

In total, nearly half of the 7,049 Welsh seniors who had dementia when the program began died from dementia during follow-up. Among those with dementia who received the vaccine, only about 30% died from dementia.

"The most exciting part is that this really suggests the shingles vaccine doesn't have only preventive, delaying benefits for dementia, but also therapeutic potential for those who already have dementia," Geldsetzer said.

Stronger effects in women raise new questions

Another notable pattern emerged when the researchers compared outcomes by sex. The protective effect of the shingles vaccine against dementia appeared to be much stronger in women than in men. Geldsetzer noted that this might reflect biological differences in immune responses or differences in how dementia develops in men and women. On average, women tend to develop higher antibody responses after vaccination, and shingles occurs more often in women than in men.

At this point, scientists still do not know exactly how the vaccine might be providing protection. It is not yet clear whether it works by broadly stimulating the immune system, by reducing how often the varicella-zoster virus reactivates, or through another pathway entirely.

It is also unknown whether a newer shingles vaccine, which uses only certain proteins from the virus and is more effective at preventing shingles, would have a similar or even stronger effect on dementia risk.

Global data and the push for a randomized trial

Geldsetzer hopes these findings will encourage more investment in this line of research.

"At least investing a subset of our resources into investigating these pathways could lead to breakthroughs in terms of treatment and prevention," he said.

Over the past two years, his team has checked health records from other countries, including England, Australia, New Zealand and Canada, where similar shingles vaccine rollouts took place. The results in those datasets have echoed what was seen in Wales. "We just keep seeing this strong protective signal for dementia in dataset after dataset," he said.

The next step that Geldsetzer is aiming for is a large randomized controlled trial, which would offer the most rigorous evidence on whether the vaccine truly causes the reduction in dementia. In such a study, participants would be randomly assigned to receive either the live-attenuated shingles vaccine or a placebo injection.

"It would be a very simple, pragmatic trial because we have a one-off intervention that we know is safe," he said.

Geldsetzer is seeking philanthropic support to fund this work, in part because the live-attenuated vaccine is now off-patent, even though it is the vaccine type for which he has gathered strong evidence from natural experiments.

He also pointed out that such a trial might show meaningful results relatively quickly. In the Wales data, when researchers plotted dementia rates for people who were eligible versus ineligible for the vaccine, the two curves began to move apart after about a year and a half.

A researcher from the Vienna University of Economics and Business also contributed to the work.

The study received funding from The Phil & Penny Knight Initiative for Brain Resilience, the Stanford Center for Digital Health, the National Institute on Aging (grant R01AG084535), the National Institute of Allergy and Infectious Diseases (grant DP2AI171011) and the Biohub, San Francisco.
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Your sweat reveals health problems long before symptoms appear | ScienceDaily
Sweat carries a wide range of biological signals, and a growing body of research suggests that pairing it with artificial intelligence and advanced sensor technology could reshape how we track our health and daily physiology. According to a recent study, this combination may provide a powerful new approach for monitoring personal well-being.


						
Published in the Journal of Pharmaceutical Analysis, the study explores how sweat could be used for real-time assessment of hormones, medication levels, and other biomarkers, as well as for early identification of diseases such as diabetes, cancer, Parkinson's and Alzheimer's.

"Collecting sweat is painless, simple and non-invasive," said co-author Dr. Dayanne Bordin, an analytical chemist at the University of Technology Sydney (UTS). "It's an attractive alternative to blood or urine, especially for continuous monitoring in real-time."

Growing Interest in Wearables That Analyze Sweat

"Anyone who is already interested in tracking their health using wearables such as an Apple watch -- for example their heart rate, step count or blood pressure -- would be interested in the information sweat can provide.

"There are already sweat monitoring devices on the market such as the Gatorade sweat patch, which is a single-use, wearable sticker that pairs with an app to analyse your sweat rate and sodium loss, and provide tailored advice."

Recent progress in areas like microfluidics, stretchable electronics and wireless communication has made it possible to build a new class of wearable sensors. These lightweight, flexible patches rest directly on the skin and continuously collect sweat samples.




When these devices are combined with artificial intelligence, they may be able to identify specific metabolites and interpret complex chemical patterns, which could give users more personalized health information and earlier warning of various medical conditions.

Potential Uses for Athletes and Patients

Athletes could use them to track electrolyte loss during workouts and to demonstrate that they are drug free before competitions. People managing diabetes may eventually rely on sweat based glucose detection rather than blood tests.

"Sweat is an under-used diagnostic fluid," said co-author Dr. Janice McCauley from the UTS Faculty of Science.

"The ability to measure multiple biomarkers simultaneously, and transmit that data wirelessly, provides enormous potential for preventive health care.

"The year 2023 was marked by an evolutionary step in artificial intelligence, opening the door for improved pattern analysis and classification algorithms to improve diagnostic precision and therapeutic accuracy," she said.




Advances in AI and Ultra Sensitive Devices

Modern AI systems can now analyze very large datasets to connect subtle chemical signals in sweat with particular physiological conditions. The authors note that the next major milestone will involve pairing this analytical capability with compact, low power devices that can send data securely.

UTS researchers are currently investigating the basic physiological characteristics of sweat. They are also creating microfluidic tools that can detect extremely small concentrations of biomarkers such as glucose and cortisol.

Although much of this work is still in the prototype phase, interest from industry continues to increase.

"We're not far from a future where your wearable can tell you when you've got high stress hormone levels, and by monitoring this over time, whether you are at risk of chronic health conditions," Dr. Bordin said.
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A 70-year-old pregnancy drug just revealed a hidden weakness in brain cancer | ScienceDaily
Over the last 70 years, hydralazine has been an indispensable tool in medicine -- a front-line defense against life-threatening high blood pressure, especially during pregnancy. But despite its essential role, a fundamental mystery has persisted: no one knew its "mechanism of action" -- essentially how it works at a molecular level, which allows formproved efficacy, safety, and what it can treat.


						potential and could help in the design of safer, more effective drugs for both maternal health and brain cancer.
Over the last 70 years, hydralazine has been an indispensable tool in medicine -- a front-line defense against life-threatening high blood pressure, especially during pregnancy. But despite its essential role, a fundamental mystery has persisted: no one knew its "mechanism of action" -- essentially how it works at a molecular level, which allows formproved efficacy, safety, and what it can treat.

"Hydralazine is one of the earliest vasodilators ever developed, and it's still a first-line treatment for preeclampsia -- a hypertensive disorder that accounts for 5 to 15% of maternal deaths worldwide," says Kyosuke Shishikura, a physician-scientist at the University of Pennsylvania. "It came from a 'pre-target' era of drug discovery, when researchers relied on what they saw in patients first and only later tried to explain the biology behind it."

Now Shishikura, his postdoctoral advisor at Penn Megan Matthews, and collaborators have solved this long-standing puzzle.

In a paper published in Science Advances, they uncovered the method of action of hydralazine, and in doing so, revealed an unexpected biological link between hypertensive disorders and brain cancer. The findings highlight how long-established treatments can reveal new therapeutic potential and could help in the design of safer, more effective drugs for both maternal health and brain cancer.

"Preeclampsia has affected generations of women in my own family and continues to disproportionately impact Black mothers in the United States," Matthews says. "Understanding how hydralazine works at the molecular level offers a path toward safer, more selective treatments for pregnancy-related hypertension -- potentially improving outcomes for patients who are at greatest risk."

Hydralazine blocks an oxygen-sensing enzyme

The team found that hydralazine blocks an oxygen-sensing enzyme called 2-aminoethanethiol dioxygenase (ADO) -- a molecular switch that tells blood vessels when to tighten.




"ADO is like an alarm bell that rings the moment oxygen starts to fall," Matthews says. "Most systems in the body take time; they have to copy DNA, make RNA, and build new proteins. ADO skips all that. It flips a biochemical switch in seconds."

Hydralazine acts by binding to and blocking ADO, which means it effectively "mutes" that oxygen alarm. Once the enzyme was silenced, the signaling proteins it normally degrades -- called regulators of G-protein signaling (RGS) -- remained stable.

The buildup of RGS proteins, says Shishikura, tells the blood vessels to stop constricting, effectively overriding the "squeeze" signal. This reduces intracellular calcium levels, which he calls the "master regulator of vascular tension." As calcium levels fall, the smooth muscles in blood vessel walls relax, causing vasodilation and a drop in blood pressure.

From preeclampsia to brain cancer: A common target

Prior to this study, cancer researchers and clinicians had begun to suspect that ADO was important in glioblastoma, where tumors often have to survive in pockets of very low oxygen, Shishikura explains. Elevated levels of ADO and its metabolic products had been linked with more aggressive disease, suggesting that shutting this enzyme down could be a powerful strategy, but no one had a good inhibitor to test that idea.

To see if hydralazine was a contender, Shishikura worked closely with structural biochemists at the University of Texas, who used X-ray crystallography, a high-resolution imaging technique, to visualize hydralazine bound to ADO's metal center and , and with neuroscientists at the University of Florida, who tested the drug's effects in brain cancer cells.




They found that the ADO pathway that regulates vascular contraction also helps tumor cells survive in low-oxygen environments. Unlike chemotherapy, which aims to kill all cells outright, hydralazine disrupted that oxygen-sensing loop, triggering cellular "senescence," or a dormant, non-dividing state in glioblastoma cells, effectively pausing growth without triggering further inflammation or resistance.

Unlocking the potential for other life-saving treatments

Their findings highlight how long-established treatments can reveal new therapeutic potential and could help in the design of safer, more effective drugs for both maternal health and brain cancer.

They say the next step is to push the chemistry further building new ADO inhibitors that are more tissue specific and better at crossing, or exploiting weak points in, the blood-brain barrier so they hit tumor tissue hard while sparing the rest of the body.

Matthews is also working to continue engineering the next generation of medical solutions by revealing the mechanics of clinically tested, long-known treatments.

"It's rare that an old cardiovascular drug ends up teaching us something new about the brain," Matthews says, "but that's exactly what we're hoping to find more of -- unusual links that could spell new solutions."

Megan L. Matthews is an assistant professor in the Department of Chemistry in the School of Arts & Sciences at the University of Pennsylvania.

Kyosuke Shishikura is a postdoctoral researcher in the Matthews Group at Penn Arts & Sciences.

Other authors include Eric W. Barr, Zev A. Binder, Kelly Hicks, and Donald M. O'Rourke of the University of Pennsylvania; Ren-Ming Hu and Xie Wang of the Chinese Academy of Sciences Snehil R; Chilkamari of the Georgia Institute of Technology; Jiasong Li of Nanjing Agricultural University; Katelyn A. Bustin and William H. Parsons of Oberlin College; J. Martin Bollinger Jr. of the Pennsylvania State University; Mahaa Ayub of Thomas Jefferson University; Yiming Chen and Kirill A. Martemyanov of the University of Florida; Thomas P. Keeley of the University of Oxford; and Zongtao Lin of Washington University in St. Louis.

This work was supported by the National Institutes of Health (NIDA 1DP1DA051620, DA036596, and NCI R37CA285434); the National Science Foundation (CHE-2204225); the American Cancer Society (129784-IRG-16-188-38-IRG); the Charles E. Kaufman Foundation New Initiative Grant; the University Research Fund; the Astellas Foundation for Research on Metabolic Disorders; and the Herbert and Diane Bischoff Fund.
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Scientists discover first gene proven to directly cause mental illness | ScienceDaily
According to the World Health Organization (WHO), nearly one in seven people across the globe lived with a mental illness in 2021, with anxiety disorders and depression occurring most frequently. These conditions often stem from a mix of influences, and genetics play a major part in shaping a person's risk. Having a close family member with a mental illness remains one of the strongest known predictors. Until recently, research suggested that psychiatric disorders typically develop from the combined effects of many different genes.


						
"Our current findings indicate that GRIN2A is the first known gene that, on its own, can cause a mental illness. This distinguishes it from the polygenic causes of such disorders that have been assumed to date," says Professor Johannes Lemke, lead author of the study and Director of the Institute of Human Genetics at the University of Leipzig Medical Center.

Study Links GRIN2A Variants to Early-Onset Psychiatric Symptoms

In this investigation, researchers conducted a statistical analysis of data from 121 individuals who carried a genetic change in the GRIN2A gene. "We were able to show that certain variants of this gene are associated not only with schizophrenia but also with other mental illnesses. What is striking is that, in the context of a GRIN2A alteration, these disorders already appear in childhood or adolescence -- in contrast to the more typical manifestation in adulthood," says Professor Lemke. The research team also highlighted an unexpected finding: some participants showed only psychiatric symptoms, even though GRIN2A changes are usually linked to epilepsy or intellectual disability.

How GRIN2A Affects Brain Signaling and a Possible Treatment Approach

The GRIN2A gene helps regulate how active nerve cells are by influencing their electrical signaling. In this study, certain gene variants reduced the function of the NMDA receptor, a key component involved in communication between brain cells. Working with Dr. Steffen Syrbe, Professor at the Heidelberg Medical Faculty and pediatric neurologist at Heidelberg University Hospital, the team demonstrated that this reduced activity may be medically important. In an early treatment effort, patients experienced noticeable improvements in psychiatric symptoms after receiving L-serine -- a dietary supplement that activates the NMDA receptor.

Professors Johannes Lemke and Steffen Syrbe have collaborated for nearly 15 years in both clinical and research settings to better understand disorders involving the brain's glutamate receptor in children with neurological conditions. Over this period, Professor Lemke established an international registry containing the largest known group of GRIN2A patients worldwide, providing the foundation for the findings published in this study.
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Dead stars aren't so dead after all: The hidden force inflating white dwarfs | ScienceDaily
White dwarfs are the dense remnants left behind after a star stops producing energy through nuclear fusion, a stage our own sun will reach far in the future. These stellar remnants behave in unusual ways, since their internal structure makes them shrink as they gain mass, which is why they are known as degenerate stars.


						
White dwarfs frequently exist in binary systems, where two stars orbit each other. Most of these pairs are extremely old on galactic timescales and have cooled to temperatures near 4,000 degrees Kelvin. Recent observations, however, have uncovered a group of short period binaries in which the stars complete an orbit in less than an hour. These fast moving pairs do not match established predictions, since many appear to be roughly twice the expected size and have temperatures between 10,000 and 30,000 degrees Kelvin.

Investigating the Role of Tidal Heating

This unexpected behavior led a research team headed by Lucy Olivia McNeill of Kyoto University to examine the influence of tidal forces in these systems. Tides frequently distort objects that share close orbits, affecting how those orbits evolve over time.

"Tidal heating has had some success in explaining temperatures of Hot Jupiters and their orbital properties with their host stars. So we wondered: to what extent can tidal heating explain the temperatures of white dwarfs in short period binaries?" asks McNeill.

To explore this question, the researchers developed a theoretical model designed to estimate how much white dwarfs heat up in short period binaries. The model was built to be widely applicable, making it possible to estimate both the temperature history and the future orbital changes of white dwarfs in these systems.

Tidal Forces Reshape White Dwarf Evolution

The team's analysis showed that tidal interactions can play a major role in how these stars evolve. In particular, the gravitational pull from a smaller white dwarf can raise internal heat within a larger but less massive companion. This added heat causes the star to expand and pushes its surface temperature to at least 10,000 degrees Kelvin.




Because of this expansion, the researchers propose that white dwarfs are likely to be twice the size predicted by standard theory at the point where they begin exchanging material, a stage known as mass transfer. As a result, these short period pairs may start interacting at orbital periods that are three times longer than scientists previously believed.

"We expected tidal heating would increase the temperatures of these white dwarfs, but we were surprised to see how much the orbital period reduces for the oldest white dwarfs when their Roche lobes come into contact," says McNeill.

Implications for Stellar Explosions and Future Research

White dwarfs in extremely tight orbits will eventually interact and emit gravitational radiation. Systems of this kind are considered possible origins of type Ia supernovae and cataclysmic variables, two dramatic and scientifically important cosmic events.

Looking ahead, the team aims to apply their model to binary systems made of carbon-oxygen white dwarfs. Their goal is to better understand the potential pathways leading to type Ia explosions, especially whether realistic temperature predictions support the double degenerate (merger) scenario.
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Scientists boost lifespan by 70% in elderly male mice using simple drug combo | ScienceDaily

The work, led by first author Cameron Kato along with corresponding author and Aging-US Editorial Board Member Irina M. Conboy at the University of California, Berkeley, reveals that combining oxytocin with an Alk5 inhibitor (OT+A5i) greatly improved both lifespan and overall health in frail, elderly, male mice. Female mice did not experience the same long-lasting benefits, pointing to important biological differences in how each sex responds to anti-aging therapies.

"These findings establish the significant health-span extension capacity of OT+A5i and emphasize the differences in aging and in response to longevity therapeutics between the sexes."

How the Dual-Drug Strategy Works

The team used a two-part treatment designed to address major biological changes that occur with age. Oxytocin, a hormone known to support tissue repair and naturally decline over time, was paired with an Alk5 inhibitor that blocks the TGF-beta pathway. TGF-beta activity tends to increase in older tissues and is linked to inflammation and cellular damage. In this research, frail mice aged 25 months, which is roughly equivalent to 75 human years, received regular OT+A5i treatment.

Male mice treated with this combination lived more than 70% longer than untreated mice and showed marked improvements in agility, endurance, and memory. Hazard ratio analysis indicated that treated males were nearly three times less likely to die at any moment compared to untreated controls.

"Treatment of old frail male mice with OT+A5i resulted in a remarkable 73% life extension from that time, and a 14% increase in the overall median lifespan."

Sex Differences in Long-Term Benefits




The treatment also restored a more youthful pattern in circulating blood proteins by reducing "biological noise," a recognized indicator of aging. Although both males and females experienced short-term improvements, only the males maintained long-term gains in systemic protein balance after four months of continuous therapy. Female mice showed no major improvements in lifespan or sustained health measures, although middle-aged females did experience increased fertility.

These outcomes highlight how strongly sex-specific biology can influence the effectiveness of aging interventions. The exact reasons behind these differences are still unclear, yet the study establishes a useful model for understanding how therapies may work differently across sexes.

Potential Path to Human Application

Oxytocin already has FDA approval, and Alk5 inhibitors are being evaluated in clinical trials, which raises the possibility that this combined approach could eventually be adapted for humans. Based on the robust improvements seen in frail elderly male mice, OT+A5i may hold significant promise for enhancing late-life health and survival in the future.
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Monumental Roman basin hidden for 2,000 years unearthed near Rome | ScienceDaily
In the center of the ancient Roman city of Gabii, located about 11 miles east of modern Rome, a research team led by University of Missouri professor Marcello Mogetta has uncovered an extraordinary find: a huge stone-lined basin with portions cut directly into the natural bedrock.


						
Dating to around 250 B.C., and possibly earlier in some sections, the structure is believed to be one of the earliest known examples of large-scale Roman architecture outside of temples and defensive walls.

Mogetta, who chairs Mizzou's Department of Classics, Archaeology and Religion, explained that monumental construction served purposes beyond practical use. He noted that it also functioned as a strong form of political messaging.

"This discovery gives us a rare look at how the early Romans experimented with city planning," he said. "Its location -- at the center of the city near the main crossroads -- suggests it may have been a monumental pool that was part of the city's forum, or the heart of public life in Roman towns. Since archaeologists still don't fully know what the early Roman Forum truly looked like, Gabii provides an invaluable window into its development."

Connections to Earlier Excavations and Greek Influence

This new basin builds on the team's previous findings at Gabii. One earlier feature, known as the "Area F Building," is a terraced complex carved into the slope of the ancient volcanic crater around which the settlement formed.

Taken together, these discoveries indicate that early Roman builders drew significant inspiration from Greek architectural traditions. Greek cities featured paved civic spaces, dramatic terraces and grand gathering areas that communicated both cultural prestige and political power. Early Romans appear to have adapted many of these ideas for their own urban centers.




Why Gabii Matters for Understanding Early Rome

Gabii occupies a unique place in the study of Roman history. Mogetta explained that "while Rome's earliest layers were buried beneath centuries of later construction, Gabii -- a once-powerful neighbor and rival of Rome, first settled in the Early Iron Age -- was largely abandoned by 50 B.C. and later reoccupied on a much smaller scale." Because of this, he said, the ancient city's original layout and building foundations remain unusually intact, offering a clear view of early Roman urban life.

Italy's Ministry of Culture has designated the area as an archaeological park, now managed as part of the Musei e Parchi Archeologici di Praeneste e Gabii. This status has allowed teams of researchers, including the international Gabii Project, to systematically excavate and study the site. Mogetta became the director of this research group last year.

Next Steps in Excavation and Investigation

Supported by the General Directorate of Museums in Italy, the Gabii Project plans to continue excavating the basin and the surrounding stone-paved zone next summer. Researchers also intend to study a nearby "anomaly" detected through thermal imaging. Early indications suggest it could be a temple or another large civic structure.

"If it's a temple, it could help us explain some of the artifacts we've already found in the abandonment levels of the basin, such as intact vessels, lamps, perfume containers and cups inscribed with unusual markings," Mogetta said. "Some of these objects may have been deliberately placed there as religious offerings or discarded in connection with the ritual closing of the pool around 50 C.E. -- thus underscoring the crucial role played by water management in ancient cities."

The continuation of the Gabii Project aims to protect the site's heritage while allowing scholars and visitors to better understand its history.




Unanswered Questions About Early Roman Society

One major question researchers hope to address is whether civic areas were developed before religious buildings, or the other way around. The answer could shed light on whether political activities or spiritual practices held greater influence in shaping the earliest Roman monumental landscapes.

By gathering evidence from the basin and surrounding structures, Mogetta and his team aim to reconstruct the full story of Gabii, from its growth and height of power to its later decline. Their work also contributes to a broader understanding of early Roman architecture and how it helped shape the urban world that followed.
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A long-overlooked weak point in your DNA has just been revealed | ScienceDaily
Researchers have pinpointed specific areas of the human genome that are unusually susceptible to genetic changes. These altered segments can be inherited by future generations and have important implications for how scientists investigate genetics and disease.


						
The vulnerable regions sit at the beginning of genes, known as transcription start sites. These are the points where the cell begins copying DNA into RNA. According to a study published on November 26 in Nature Communications, the first 100 base pairs after this starting point experience mutations at a rate 35% higher than expected by chance.

"These sequences are extremely prone to mutations and rank among the most functionally important regions in the entire human genome, together with protein-coding sequences," explains Dr. Donate Weghorn, corresponding author of the study and researcher at the Centre for Genomic Regulation in Barcelona.

Early Development and Mosaic Mutations

The research team discovered that many of these extra mutations arise soon after conception during the earliest rounds of cell division in the embryo. These alterations, known as mosaic mutations, appear in only some cells rather than throughout the entire body. Because of this uneven distribution, the hotspot remained undetected for a long time.

A parent may carry mosaic mutations that contribute to disease without showing symptoms, since only a portion of their tissues contain the change. Despite the lack of symptoms, they can still pass these mutations through eggs or sperm. A child who inherits one of these mosaic mutations will have it present in every cell, which can lead to health problems.

Large-Scale Genome Analysis Reveals Mutation Patterns

To make this discovery, researchers examined transcription start sites across 150,000 genomes from the UK Biobank and 75,000 genomes from the Genome Aggregation Database (gnomAD). They then compared their findings with data from eleven family studies that provided detailed information about mosaic mutations.




Their analysis showed that many gene start sites across the genome accumulate more mutations than expected. When they looked more closely, they found that the highest concentration of these excess mutations occurred in the starting regions of genes involved in cancer, brain function and abnormal limb development.

The study suggests these mutations are likely harmful. The team observed a strong concentration of mutations near start sites when examining extremely rare variants, which tend to represent recent changes. That excess became smaller in older, more common variants, indicating that natural selection gradually removes these mutations. Families carrying such mutations, especially in genes linked to brain function or cancer, are less likely to pass them on. Over multiple generations, these mutations tend to disappear.

Why Mutational Models Need Adjustment

Avoiding false conclusions and finding missed clues

The findings highlight a potential source of error in mutational models. These tools estimate how many mutations should appear in a given part of the genome if nothing unusual is happening. Clinicians use that baseline to determine which mutations deserve further attention.

Because transcription start sites naturally accumulate more mutations than previously recognized, the expected baseline for these regions is higher than current models assume. This means geneticists will need to update their tools to avoid misinterpreting results.




"If a model doesn't know this region is naturally mutation-rich, it might expect, say, 10 mutations but observe 50. If the correct baseline is 80, then 50 means fewer than expected and is a sign harmful changes are being removed by natural selection. You would completely miss the importance of that gene," explains Dr. Weghorn.

These insights also affect genetic studies that search only for mutations that appear in a child but not in either parent. While this approach works for mutations present in every cell, it fails to capture mosaic mutations, which appear in a mix of tissues. As a result, some important contributors to disease may be overlooked.

"There is a blind spot in these studies. To get around this, one could look at the co-occurrence patterns of mutations to help detect the presence of mosaic mutations. Or look at the data again and revisit discarded mutations that occur near the transcription starts of genes most strongly affected by the hotspot," says Dr. Weghorn.

Why Gene Start Sites Are So Mutation-Prone

A new source of mutations

The study describes the transcription process as fast and chaotic. The cell's molecular machinery often pauses and resumes activity near the starting point, and sometimes begins copying in both directions. At the same time, temporary structures can form that leave segments of DNA exposed to potential damage.

According to the authors, these moments of instability make transcription start sites especially vulnerable during the rapid cell divisions that occur shortly after conception. Although cells can usually repair these issues, the pressure to grow quickly leads to some mutations being left behind like small scars on the genome.

The findings reveal an important missing element in the understanding of how mutations form. Known causes such as replication errors or ultraviolet damage have been documented for decades. "Finding a new source of mutations, particularly those affecting the human germline, doesn't happen often," concludes Dr. Weghorn.
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Is your gut being poisoned? Scientists reveal the hidden impact of everyday chemicals | ScienceDaily
A large laboratory investigation of human-made chemicals has revealed 168 substances that are harmful to bacteria normally found in a healthy human gut. These chemicals interfere with the growth of microbes considered essential for maintaining good health.


						
Many of the substances identified in the study are expected to enter the body through food, drinking water, or general environmental exposure, yet most were not previously believed to influence bacteria in any way.

As gut bacteria adapt to chemical pollutants, some appear to develop resistance to antibiotics such as ciprofloxacin. If the same process occurs inside the human gut, it could make certain infections more difficult to treat.

Testing Shows Common Pollutants Can Harm Beneficial Microbes

The research team, led by the University of Cambridge, examined how 1076 chemical contaminants affected 22 species of gut bacteria under laboratory conditions.

The substances found to disrupt microbial growth include pesticides such as herbicides and insecticides used on crops, as well as industrial chemicals present in flame retardants and plastics.

The gut microbiome contains an estimated 4,500 different types of bacteria that work together to support bodily functions. When this system becomes imbalanced, it can contribute to a wide range of health problems involving digestion, weight regulation, the immune system, and mental health.




Standard safety evaluations for chemicals do not account for effects on the gut microbiome because most chemicals are created to act on specific targets. For instance, insecticides are meant to affect insects, not humans or their resident microbes.

New Machine Learning Tool Predicts Chemical Risks to Gut Health

Using the data gathered in the study, the researchers developed a machine learning model to forecast whether industrial chemicals -- whether already in circulation or still being designed -- are likely to harm human gut bacteria.

Details of the study, along with the machine learning tool, appear in the journal Nature Microbiology.

Dr. Indra Roux of the University of Cambridge's MRC Toxicology Unit and first author of the study said: "We've found that many chemicals designed to act only on one type of target, say insects or fungi, also affect gut bacteria. We were surprised that some of these chemicals had such strong effects. For example, many industrial chemicals like flame retardants and plasticizers -- that we are regularly in contact with -- weren't thought to affect living organisms at all, but they do."

Professor Kiran Patil, senior author and member of the same research unit, said: "The real power of this large-scale study is that we now have the data to predict the effects of new chemicals, with the aim of moving to a future where new chemicals are safe by design."

Dr. Stephan Kamrad, also part of the research team, added: "Safety assessments of new chemicals for human use must ensure they are also safe for our gut bacteria, which could be exposed to the chemicals through our food and water."




Need for Real-World Chemical Exposure Data

There is still limited knowledge about how environmental chemicals directly influence the gut microbiome and human health. The team notes that our gut bacteria are likely coming into contact with many of the substances tested in the study, but the actual amounts reaching the gut are not yet known. Future research that tracks total chemical exposure across the body will be needed to determine the true level of risk.

Patil said: "Now we've started discovering these interactions in a laboratory setting it's important to start collecting more real-world chemical exposure data, to see if there are similar effects in our bodies."

In the meantime, the researchers recommend practical steps to reduce exposure to chemical pollutants, such as washing fruit and vegetables thoroughly before eating and avoiding the use of pesticides in home gardens.
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Fast depression relief? Nitrous oxide shows remarkable potential | ScienceDaily
Patients living with major depressive disorder, including those who have not improved with commonly prescribed antidepressants, may benefit from short-term nitrous oxide treatment, according to a large meta-analysis led by the University of Birmingham.


						
The paper, published in eBioMedicine on November 30, reviewed the strongest available clinical data to explore how clinically administered nitrous oxide (N2O) might provide fast-acting relief from depressive symptoms in adults with major depressive disorder (MDD) and treatment-resistant depression (TRD).

What treatment-resistant depression is and how common it can be

TRD is defined as depression that remains insufficiently controlled after a person has tried two different antidepressant medications. A previous study led by the same research team found that around 48% of patients in the UK gain only limited benefit from standard antidepressant treatments, highlighting a substantial unmet need.

Researchers from the University of Birmingham, the University of Oxford, and Birmingham and Solihull Mental Health NHS Foundation Trust evaluated seven clinical trials and four protocol papers conducted by research groups across the world. These studies examined the use of nitrous oxide, which is also widely used as a pain relief option in medical procedures, as a treatment for depressive disorders including MDD, TRD and bipolar depression.

Single sessions, repeated doses and how nitrous oxide may act in the brain

The analysis showed that a single session of inhaled clinical nitrous oxide at 50% concentration (in three of the trials) led to rapid and meaningful reductions in depressive symptoms within 24 hours. However, these improvements did not generally persist after one week. When patients received repeated treatments over several weeks, the benefits lasted longer, indicating that a course of multiple sessions, rather than a one-off dose, may be necessary to sustain clinical improvement.




Nitrous oxide is believed to act on glutamate receptors in a manner similar to ketamine, another rapid-acting antidepressant. This action on glutamate pathways may account for the relatively swift improvements in mood that are seen shortly after inhalation.

Kiranpreet Gill, a PhD researcher funded by the Medical Research Council at the University of Birmingham and first author of the study, said: "Depression is a debilitating illness, made even more so by the fact that antidepressants make no meaningful difference for almost half of all patients diagnosed with it. There is a growing body of research on repurposing treatments from other clinical domains to alleviate low mood. This study brings together the best possible evidence indicating that nitrous oxide has the potential to provide swift and clinically significant short-term improvements in patients with severe depression.

"Our analyses show that nitrous oxide could form part of a new generation of rapid-acting treatments for depression. Importantly, it provides a foundation for future trials to investigate repeated and carefully managed dosing strategies that can further determine how best to use this treatment in clinical practice for patients who don't respond to conventional interventions."

Strong short-term evidence, but more trials are needed

The meta-analysis reported robust evidence that nitrous oxide can improve mood over the short term after administration. At the same time, the relatively small number of clinical trials meant there were noticeable differences in how depressive symptoms were measured and reported, as well as in the timing of follow-up assessments. The authors note that further research is essential to identify the most effective dosing regimen, to fully understand the long-term safety of nitrous oxide, and to work out how best to incorporate it into existing treatment pathways.

Safety profile and side effects of nitrous oxide

The researchers also evaluated safety and side effects. Some participants experienced issues such as nausea, dizziness and headaches, but these problems were short lived and resolved without the need for medical treatment. Higher doses at 50% concentration were linked with a greater chance of these side effects occurring, yet none of the studies identified any immediate safety concerns. The team stressed that long-term safety must still be clarified through future studies that include longer follow-up periods.




Professor Steven Marwaha from the University of Birmingham, Honorary Consultant Psychiatrist at Birmingham and Solihull Mental Health Foundation Trust, and senior author of the study said: "This is a significant milestone in understanding the potential of nitrous oxide as an added treatment option for patients with depression who have been failed by current treatments. This population has often lost hope of recovery, making the results of this study particularly exciting. These findings highlight the urgent need for new treatments that can complement existing care pathways, and further evidence is needed to understand how this approach can best support people living with severe depression."

Expanding options for treatment-resistant depression in diverse communities

The study was carried out by researchers at the Mental Health Mission Midlands Translational Centre, which is led by the University of Birmingham and funded by the National Institute for Health and Care Research through the NIHR Oxford Biomedical Research Centre. The team is focused on improving treatment options for treatment-resistant depression in superdiverse and deprived communities. The Centre's goal is to speed up the development and rollout of innovative, evidence-based treatments that can both enhance outcomes and reduce inequalities in mental health care.

This work also connects with ongoing initiatives at the Birmingham Clinic for Advanced Mood Disorder Management (CALM), where advanced, evidence-based treatments such as ketamine and neuromodulation are already being provided for people living with severe or treatment-resistant depression.

Next steps: preparing the first NHS trial of nitrous oxide for depression

Building on this translational pathway that moves discoveries into real-world care, the team is now planning the first NHS trial in the UK to examine whether nitrous oxide can be offered safely and in an acceptable way as a treatment for major depression. The results of this upcoming trial will guide how nitrous oxide might be incorporated into NHS services and could broaden the range of innovative treatment choices available for patients who have not gained adequate relief from standard approaches.
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A tiny ocean worm just revealed a big secret about how eyes evolve | ScienceDaily
A research team from the University of Vienna and the Alfred Wegener Institute in Bremerhaven has uncovered how the eyes of adult marine bristleworms continue to increase in size throughout their entire lifespan. The work shows that this constant growth is powered by a ring of neural stem cells that resembles similar structures found in vertebrate eyes. These stem cells are also responsive to light in the environment. The study, published in Nature Communications, provides new perspectives on eye evolution and highlights how light can influence the adult nervous system, even in species often viewed as biologically simple.


						
People typically associate complex eyes with mammals, birds, or perhaps octopuses. However, marine annelid worms such as the bristleworm Platynereis dumerilii possess eyes with a camera-like design similar to those in vertebrates and cephalopods, and some species can see with surprising detail. Scientists have long wondered how these invertebrate eyes continue growing during adulthood. A collaborative team from the University of Vienna, the Alfred Wegener Institute in Bremerhaven, and the University of Oldenburg set out to investigate this question and uncovered findings that challenge traditional assumptions.

Parallel Evolution and Hidden Growth Zones

Camera-type eyes in both vertebrates and invertebrates are classic examples of parallel evolution, arising independently as comparable solutions to similar biological needs. To understand how such eyes keep developing after maturity, the researchers examined the adult eyes of Platynereis, a well-established model organism for studying photoreceptors and brain evolution.

Using single-cell RNA sequencing, first author Nadja Milivojev of the Department of Neurosciences and Developmental Biology, University of Vienna, identified molecular signatures associated with stem cells and charted their location and behavior in the worm retina. Her work revealed a distinct region along the rim of the retina that is densely filled with dividing neural stem cells whenever the adult eye is expanding. "It was remarkable to find dividing cells at the edge of the worm's retina -- the same place where some groups of vertebrates maintain their retinal stem cells for life-long eye growth," Milivojev says.

This region, known as the "ciliary marginal zone," is believed to support continuous eye growth, a pattern now also observed in the bristleworm retina. Senior author Florian Raible, University of Vienna, notes that in vertebrates such as fishes and amphibians, this region produces new retinal neurons while the organism continues to grow. He explains, "Remarkably, Nadja's work showed that bristleworm eyes can also add new photoreceptor cells and expand their size -- a trait that has not been well studied outside the vertebrate lineage."

Light-Responsive Mechanisms in Eye Development

The team also found that light in the worms' surroundings plays a direct role in regulating eye growth. Genetic and molecular analyses revealed that a light-sensitive protein called c-opsin is responsible for this effect. This molecule is also found in vertebrate rod and cone cells. Earlier research suggested that worm eyes relied on a different class of opsins, so the presence of a vertebrate-type c-opsin came as an unexpected discovery. Milivojev and colleagues determined that this molecule appears in early precursors of the worm's photoreceptor cells, indicating that it acts as a molecular switch connecting light exposure to stem cell activity. These results show that visual systems not only detect light but can also adjust their development in response to it.




Evolutionary Connections and New Questions

The findings address a long-standing gap in understanding how both vertebrate and invertebrate eyes continue growing and sustaining themselves. Showing that Platynereis eyes depend on a ring of neural stem cells brings researchers closer to uncovering universal principles that guide the evolution of sensory organs. The results also raise several new questions. Could other stem cell populations in the body react to environmental light? And how might artificial lighting interfere with these natural biological processes? The researchers hope that future studies exploring the worm's stem cell systems will help answer these questions, offering new insight into how the nervous system adapts and repairs itself. Senior author Kristin Tessmar-Raible (University of Vienna, Alfred Wegener Institute, University of Oldenburg) emphasizes that "basic research to uncover the unexpected is essential to understand the biological complexity of life and the possible consequences of anthropgenic impacts."

Summary
    	Researchers from the University of Vienna and the Alfred-Wegener Institute studied adult marine bristleworms, a valuable model for uncovering how eyes and brains develop and how light influences biology beyond vision.
    	The team found that the eyes of Platynereis dumerilii keep growing throughout the worm's entire life. This ongoing growth is powered by a ring of neural stem cells similar to the growth zone seen in certain vertebrates that continue expanding their eyes as adults.
    	Their work helps resolve a long-standing question about how camera-type eyes in both invertebrates and vertebrates grow and maintain themselves. The findings suggest that even across very different evolutionary paths, many animals rely on shared cellular strategies for growth and flexibility.
    	By showing that Platynereis eyes depend on this stem cell ring, the study brings scientists closer to identifying universal rules that shape the evolution of sensory organs.
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A hidden Antarctic shift unleashed the carbon that warmed the world | ScienceDaily
Around 12,000 years ago, the last Ice Age drew to a close. Global temperatures rose, the early Holocene began, and human communities gradually shifted toward more permanent settlements. A new study published in Nature Geoscience highlights how the Southern Ocean around Antarctica helped drive this major climate transition.


						
The research team, led by Dr. Huang Huang of the Laoshan Laboratory in Qingdao and including geochemist Dr. Marcus Gutjahr from GEOMAR, set out to reconstruct how far Antarctic Bottom Water (AABW) extended through the Southern Ocean over the past 32,000 years.

"We wanted to understand how the influence of Antarctic Bottom Water, the coldest and densest water mass in the global ocean, changed during the last deglaciation, and what role it played in the global carbon cycle," says Huang, who completed his PhD at GEOMAR in 2019 and now works as a scientist in Qingdao, China.

Sediment cores and chemical fingerprints in the deep sea

To tackle this question, the scientists examined nine sediment cores collected from the Atlantic and Indian sectors of the Southern Ocean. The cores came from water depths between about 2,200 and 5,000 meters and from locations spread widely across the region. By analyzing the isotopic composition of the trace metal neodymium preserved in the sediments, which reflects the chemistry of the surrounding seawater, they could reconstruct how Antarctic Bottom Water changed through time on the scale of tens of thousands of years.

"Dissolved neodymium and its isotopic fingerprint in seawater are excellent indicators of the origin of deep-water masses," explains Dr. Marcus Gutjahr. "In earlier studies, we noticed that the neodymium signature in the deep South Atlantic only reached its modern composition around 12,000 years ago. However, sediments from the last Ice Age showed values that are not found anywhere in the Southern Ocean today. Initially, we thought the method was flawed or that there was something wrong with the sediment core. But the real question was: What could generate such a signal? Such an exotic isotopic signature can only develop when deep water remains almost motionless for extended periods. In such circumstances, benthic fluxes -- chemical inputs from the seafloor -- dominate the isotopic imprint in marine sediments."

Stagnant deep waters, carbon storage and the last Ice Age

During the last Ice Age, the cold and very dense deep water that currently forms around Antarctica did not spread as widely as it does today. Instead, much of the deep Southern Ocean was filled with carbon-rich waters that originated in the Pacific, a glacial precursor to today's Circumpolar Deep Water (CDW). In the study, CDW is described as carbon-rich because it circulates in the deep ocean for long periods with limited contact with the surface. This isolation allowed large amounts of dissolved carbon to remain locked in the deep ocean, helping to keep atmospheric CO2 levels relatively low.




As Earth warmed and ice sheets retreated between roughly 18,000 and 10,000 years ago, the volume of Antarctic Bottom Water increased in two clear phases. These expansion phases occurred at the same time as known warming events in Antarctica. With more vertical mixing in the Southern Ocean, deep waters that had stored carbon for long periods were brought closer to the surface, allowing that carbon to escape into the atmosphere.

"The expansion of the AABW is linked to several processes," explains Gutjahr. "Warming around Antarctica reduced sea-ice cover, resulting in more meltwater entering the Southern Ocean. The Antarctic Bottom Water formed during this transitional climate period had a lower density due to reduced salinity. This late-glacial AABW was able to spread further through the Southern Ocean, destabilizing the existing water-mass structure and enhancing exchanges between deep and surface waters."

Previously, many scientists assumed that changes in the North Atlantic, particularly the formation of North Atlantic Deep Water (NADW), were the main drivers of shifts in deep-water circulation in the South Atlantic. The new results suggest that this northern influence was more restricted than earlier thought. Instead, the replacement of a glacial, carbon-rich deep-water mass by newly formed Antarctic Bottom Water appears to have been crucial for the rise in atmospheric CO2 toward the end of the last Ice Age.

Southern Ocean heat, Antarctic ice loss and today's climate

"Comparisons with the past are always imperfect," says Gutjahr, "but ultimately it comes down to how much energy is in the system. If we understand how the ocean responded to warming in the past, we can better grasp what is happening today as Antarctic ice shelves continue to melt."

Because of its vast size and unique circulation, the Southern Ocean plays a major role in controlling the global climate. Over the past 50 years, waters deeper than about 1,000 meters around Antarctica have warmed significantly faster than much of the rest of the world's oceans. To work out how this rapid deep-ocean warming affects the ability of the ocean to absorb and release carbon dioxide, scientists must track physical and biogeochemical changes over long timescales and incorporate them into climate models.

"I want to properly understand the modern ocean in order to interpret signals from the past," Gutjahr says. "If we can trace how Antarctic Bottom Water has changed over the last few thousand years, we can assess more accurately how rapidly the Antarctic Ice Sheet may continue to lose mass in the future."

Paleoclimate data obtained from sediment cores are indispensable for this, offering insights into past climates that were warmer than today and helping to improve projections of future climate change.
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Doctors are seeing more aggressive breast cancer in younger women than expected | ScienceDaily
An analysis of records from seven outpatient centers in the New York region found that 20 to 24% of all breast cancers diagnosed over an 11-year span occurred in women between 18 and 49 years old. These findings are being presented at the annual meeting of the Radiological Society of North America (RSNA).


						
"This research shows that a significant proportion of cancers are diagnosed in women under 40, a group for whom there are no screening guidelines at this time," said Stamatia Destounis, M.D., radiologist Elizabeth Wende Breast Care (EWBC) in Rochester, New York. "Consideration must be given by physicians caring for women in this age group to performing risk assessment in order to identify those who may benefit from more intensive screening due to being higher risk."

Growing national data sets have been pointing toward an uptick in breast cancer among younger women, which has encouraged experts to reconsider recommended screening ages and how patients are evaluated for risk.

Current Screening Advice Leaves a Gap for Younger Patients

For women considered average risk, the U.S. Preventive Services Task Force recommends mammography every other year beginning at age 40 and continuing until age 74. The American Cancer Society recommends yearly mammograms starting at age 45, with screening optional for those aged 40 to 44. Women who are classified as high risk may be advised to receive a breast MRI and a mammogram each year beginning around age 30, but there are still no established guidelines for women younger than that.

How the Research Was Conducted

Dr. Destounis and EWBC research manager Andrea L. Arieno, B.S., reviewed breast cancer diagnoses made from 2014 through 2024 across seven outpatient facilities spread over a 200-mile area in Western New York. Their goal was to identify every case diagnosed in women aged 18 to 49 and gather detailed information from clinical imaging reports.




"We specifically collected details on how the cancer was found (screening or diagnostic), the type of cancer and other tumor characteristics," Dr. Destounis said. "We excluded cases that were not primary breast cancer. We analyzed trends over time by age subgroups, detection method and tumor biology. This helped us to identify how breast cancer presents in this patient population, how frequently it occurs and the types of tumors found."

Most Diagnosed Cancers Were Invasive and Often More Severe

The review identified 1,799 breast cancers in 1,290 women in the 18 to 49 age group. Each year, the number of cases ranged from 145 to 196. The average age at diagnosis was 42.6 years, with cases spanning from ages 23 to 49. Screening detected 731 cancers (41%), while diagnostic evaluation detected 1,068 (59%). Of the total, 1,451 cases (80.7%) were invasive, and 347 (19.3%) were non-invasive.

"Most of these cancers were invasive, meaning they could spread beyond the breast, and many were aggressive types -- especially in women under 40," Dr. Destounis said. "Some were 'triple-negative,' a form of breast cancer that is harder to treat because it doesn't respond to common hormone-based therapies."

Younger Women Consistently Account for One Quarter of Diagnoses

Although women under 50 made up only 21% to 25% of those screened each year, they still represented about one out of every four breast cancers detected annually.




"This is striking because it shows that younger women not only carry a stable and substantial share of the breast cancer burden, but their tumors are often biologically aggressive," she said. ""That combination, steady incidence plus disproportionately aggressive biology, directly challenges age-based screening cutoffs and strengthens the case for earlier, risk-tailored screening approaches."

Stable Numbers Suggest a Long-Term Concern

Dr. Destounis also pointed out that the number of diagnosed cancers in younger women remained consistently high throughout the study period. Even when fewer young women were seen overall, the absolute number of cancers did not decline.

"That means this problem is not going away," she said. "It is here to stay and needs to be addressed on a larger scale. Research such as this supports earlier and tailored screening to allow for earlier detection and better treatment outcomes. This data reinforces that women under 50, especially those under 40, shouldn't be seen as 'low risk' by default and can absolutely benefit from risk assessment being performed as early as possible."

Awareness and Risk Factors for Younger Women

Dr. Destounis advised that younger patients should be encouraged to monitor breast changes and begin screening in specific situations.

"Those with a strong family history or genetic mutation, as well as certain minorities and ethnic backgrounds, are at higher risk for breast cancer at a younger age," she said.

Age Alone Is Not Enough for Screening Decisions

She added that the study reinforces an important point: breast cancer in younger women is not uncommon, and cases in this group are often more serious.

"We can't rely only on age alone to decide who should be screened," she said. "Paying closer attention to personal and family history, and possibly screening earlier for some women, could help detect these cancers sooner."
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New brain imaging breakthrough reveals clues to Parkinson's | ScienceDaily
Researchers at Johns Hopkins Medicine report that they have successfully used a "zap-and-freeze" method to capture rapid communication between brain cells in living tissue from both mice and humans. The approach allowed them to observe interactions that normally happen too quickly to track.


						
According to the team, the findings, published Nov. 24 in Neuron and supported by the National Institutes of Health, may help uncover the underlying biological causes of nonheritable forms of Parkinson's disease.

Sporadic Parkinson's cases represent the majority of diagnoses, the Parkinson's Foundation notes. These cases involve disruptions in the synapse, the tiny site where one neuron passes a signal to another. Because this junction is so small and its activity unfolds rapidly, it has long been challenging to study in detail, says Shigeki Watanabe, Ph.D., an associate professor of cell biology at Johns Hopkins Medicine and the senior author of the study.

"We hope this new technique of visualizing synaptic membrane dynamics in live brain tissue samples can help us understand similarities and differences in nonheritable and heritable forms of the condition," Watanabe says. He adds that the technique could eventually guide the development of therapies for this neurodegenerative disorder.

How Healthy Synapses Move Messages

In a healthy brain, synaptic vesicles act as tiny packages that carry chemical messages from one neuron to the next. This exchange is essential for learning, memory formation and the processing of information. Understanding how vesicles behave under normal conditions is key to identifying where communication begins to fail in neurological diseases, Watanabe says.

Watanabe previously helped design the zap-and-freeze approach to visualize fast changes in synaptic membranes (these results were published in 2020 in Nature Neuroscience). The method uses a brief electrical stimulus to activate brain tissue, followed immediately by rapid freezing. This preserves the exact positions of cellular structures for later viewing with electron microscopy.




In earlier work published in Nature Neuroscience this year, Watanabe applied the method to genetically engineered mice to investigate the role of a protein called intersectin. The study demonstrated how intersectin helps maintain synaptic vesicles in a specific location until they are ready to be released and activate a neighboring neuron.

Testing the Technique in Human Brain Tissue

For the latest study, the team examined samples from normal mice and compared them with living cortical brain tissue obtained, with permission, from six people undergoing epilepsy surgery at The Johns Hopkins Hospital. These surgeries were necessary to remove hippocampal lesions.

Collaborating with Jens Eilers and Kristina Lippmann of Leipzig University in Germany, the researchers first confirmed that zap-and-freeze worked reliably in mouse tissue by observing calcium signaling, which is the trigger that prompts neurons to release neurotransmitters.

They then used the technique to stimulate mouse neurons and captured the moment when synaptic vesicles fused with the cell membrane and released their chemical messengers. The researchers also documented how the cells retrieved and recycled vesicles afterward, a process known as endocytosis.

When the team applied zap-and-freeze to the human tissue samples, they found the same vesicle recycling steps occurring in human neurons.




Key Protein Found in Both Mouse and Human Brains

In both species, the researchers identified the presence of Dynamin1xA, a protein required for ultrafast synaptic membrane recycling, at the locations where endocytosis is believed to take place. This similarity suggests that the mechanisms observed in mice accurately reflect those in humans.

"Our findings indicate that the molecular mechanism of ultrafast endocytosis is conserved between mice and human brain tissues," Watanabe says. He notes that this strengthens the value of using mouse models to study human brain biology.

Looking ahead, Watanabe hopes to apply the zap-and-freeze method to brain tissue collected, with permission, from individuals with Parkinson's disease who are undergoing deep brain stimulation procedures. The goal is to observe how vesicle dynamics may differ in affected neurons.

Funding for the study was provided by the National Institutes of Health (U19 AG072643, 1DP2 NS111133-01, 1R01 NS105810-01A1, R35 NS132153, S10RR026445), Howard Hughes Medical Institute, Kazato Foundation, American Lebanese Syrian Associated Charities, Marine Biological Laboratory, Leipzig University, Roland Ernst Stiftung, Johns Hopkins Medicine, Chan Zuckerberg Initiative, Brain Research Foundation, Helis Foundation, Robert J Kleberg Jr and Helen C Kleberg Foundation, McKnight Foundation, Esther A. & Joseph Klingenstein Fund, and the Vallee Foundation.

Contributors to the research included Chelsy Eddings, Minghua Fan, Yuuta Imoto, Kie Itoh, Xiomara McDonald, William Anderson, Paul Worley and David Nauen from Johns Hopkins, along with Jens Eilers and Kristina Lippmann from Leipzig University.
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Scientists reveal five big moments when your brain dramatically changes | ScienceDaily
Neuroscientists at the University of Cambridge report that the human brain moves through five "major epochs" as it rewires itself from early development to late old age. Each stage reflects a different way the brain supports thinking, learning, and behavior as we grow, mature, and eventually experience age-related decline.


						
A team from Cambridge's MRC Cognition and Brain Sciences Unit analyzed MRI diffusion scans from 3,802 individuals ranging from newborns to 90 years old. These scans track the movement of water through brain tissue, which helps researchers map the networks that link one region to another.

Their findings, published in Nature Communications, show that the brain's structure progresses through five broad phases. Four key "turning points" divide these phases, marking ages when the brain undergoes meaningful reorganization.

Childhood, Adolescence, and a Slow Path to Adulthood

The first epoch spans from birth to about age nine, when a major turning point leads into the adolescent phase. This adolescent period lasts much longer than expected, continuing until roughly age 32 on average.

In the early thirties, the brain's wiring shifts into an adult configuration. This becomes the longest era and continues for more than three decades. A third turning point near age 66 marks the beginning of an "early aging" phase, while the final "late aging" stage emerges around age 83.

"We know the brain's wiring is crucial to our development, but we lack a big picture of how it changes across our lives and why," said Dr. Alexa Mousley, a Gates Cambridge Scholar who led the research. "This study is the first to identify major phases of brain wiring across a human lifespan."

"These eras provide important context for what our brains might be best at, or more vulnerable to, at different stages of our lives. It could help us understand why some brains develop differently at key points in life, whether it be learning difficulties in childhood, or dementia in our later years."




Early Brain Growth: Synapses, Consolidation, and Rapid Change

From infancy through childhood, the brain is shaped by "network consolidation." Babies generate an enormous number of synapses, the points where neurons communicate. Over time, only the most active connections are kept while the rest are eliminated.

During this period, the entire brain follows a consistent rewiring pattern. Grey and white matter grow quickly, pushing cortical thickness (the distance between outer grey matter and inner white matter) to its highest point. The folds of the cerebral cortex also stabilize, forming the ridges seen on the outer surface.

By age nine, the brain encounters its first major turning point. Cognitive abilities expand rapidly at this age, but the risk of developing certain mental health conditions also becomes higher.

Adolescence: Increasing Efficiency and More Organized Brain Networks

The second epoch, adolescence, is marked by continued growth of white matter. As these pathways expand, the organization of communication networks becomes more refined. MRI diffusion scans show more orderly water movement in the tissue, reflecting stronger and more coordinated connections.




This period is notable for rising efficiency in how signals move both within individual regions and across the whole brain. These improvements are linked to gains in cognitive performance.

"Neural efficiency is as you might imagine, well connected by short paths, and the adolescent era is the only one in which this efficiency is increasing," said Mousley.

These changes peak in the early thirties, which researchers describe as the "strongest topological turning point" across the entire lifespan.

"Around the age of 32, we see the most directional changes in wiring and largest overall shift in trajectory, compared to all the other turning points," said Mousley. "While puberty offers a clear start, the end of adolescence is much harder to pin down scientifically. Based purely on neural architecture, we found that adolescent-like changes in brain structure end around the early thirties."

Adulthood: Stability and Gradual Compartmentalization

At approximately age 32, the adult epoch begins. This phase is relatively stable compared with earlier stages of life, and no additional major turning points appear for about thirty years. According to the researchers, this aligns with a "plateau in intelligence and personality" described in other studies.

They also noted growing "segregation" during this time, meaning that different brain regions begin to operate in more distinct and specialized ways.

The next turning point, around age 66, is much more subtle. While it does not involve dramatic structural changes, the team still observed meaningful shifts in network organization.

"The data suggest that a gradual reorganization of brain networks culminates in the mid-sixties," said Mousley. "This is probably related to aging, with further reduced connectivity as white matter starts to degenerate. This is an age when people face increased risk for a variety of health conditions that can affect the brain, such as hypertension."

Late Aging: Declining Global Connectivity and Regional Reliance

The final turning point arrives near age 83, signaling the start of the last brain structure epoch. Although the amount of data for this phase is limited, researchers found a clear pattern. The brain becomes less globally connected and depends more heavily on specific regions.

"Looking back, many of us feel our lives have been characterized by different phases. It turns out that brains also go through these eras," said senior author Prof Duncan Astle, Professor of Neuroinformatics at Cambridge.

"Many neurodevelopmental, mental health and neurological conditions are linked to the way the brain is wired. Indeed, differences in brain wiring predict difficulties with attention, language, memory, and a whole host of different behaviors."

"Understanding that the brain's structural journey is not a question of steady progression, but rather one of a few major turning points, will help us identify when and how its wiring is vulnerable to disruption."

The research received support from the Medical Research Council, the Gates Foundation, and the Templeton World Charitable Foundation.
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Satellites spot rapid "Doomsday Glacier" collapse | ScienceDaily
Thwaites Glacier in West Antarctica -- widely known as the "Doomsday Glacier" -- is changing more quickly than almost any other ice-ocean system on the planet. Its future behavior remains one of the biggest unknowns in forecasts of global sea-level rise. One part of this system, the Thwaites Eastern Ice Shelf (TEIS), floats on the ocean and is partly held in place by a pinning point at its northern edge. Over the past twenty years, this shelf has developed increasing fractures around a major shear zone located upstream of that pinning point.


						
A new study published in the Journal of Geophysical Research: Earth Surface (AGU, 2025) offers the most detailed account yet of how this slow breakdown has unfolded. The research was produced at the Centre for Earth Observation Sciences and led by Debangshu Banerjee, a recent graduate student from the Centre for Earth Observation Science (CEOS), along with Dr. Karen Alley (Assistant Professor, CEOS) and Dr. David Lilien (Assistant Professor, Indiana University Bloomington and former Research Associate at CEOS). Their work contributes to the TARSAN (Thwaites-Amundsen Regional Survey and Network) project, one of the programs within the International Thwaites Glacier Collaboration (ITGC) -- a major U.S.-U.K. effort to understand the forces driving change in Thwaites Glacier. Several well-known glaciologists, including Dr. Ted Scambos, Dr. Martin Truffer, Dr. Adrian Luckman, and Dr. Erin Pettitt, also contributed to this research.

Fracture Growth, Ice Dynamics, and a Strengthening Feedback Loop

Using twenty years (2002-2022) of satellite observations, ice-flow speed measurements, and in-situ GPS data, the team documented how fractures within the TEIS shear zone formed and evolved. Their analysis shows that the gradual growth of these fractures weakened the shelf's connection to the pinning point. As this attachment deteriorated, the ice upstream began to flow more quickly, reducing the shelf's mechanical stability.

The researchers identified four clear stages in this weakening and highlighted two major findings. The first is that the fractures expanded in two distinct phases: long fractures aligned with the direction of ice flow appeared first, followed later by shorter fractures that cut across the flow. The second is evidence of a positive feedback cycle in which these fractures increased ice acceleration, which in turn caused further damage. This accelerating loop played a significant role in the shelf's recent decline.

A Shift From Stabilizing Force to Source of Weakness

The study notes that the pinning point, once a key factor holding the TEIS in place, has slowly shifted into a feature that now contributes to its instability. This four-stage pattern of structural decline may be a signal for other Antarctic ice shelves that appear to be entering similar phases of weakness. If these floating shelves continue to deteriorate, the Antarctic Ice Sheet could contribute even more to future sea-level rise.
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New graphene breakthrough supercharges energy storage | ScienceDaily
Engineers have achieved a significant advance in the international effort to create energy storage technologies that combine rapid charging with strong power output, paving the way for next-generation systems in electric transportation, grid support and everyday electronics.


						
According to findings published in Nature Communications, the researchers have developed a new carbon-based material that enables supercapacitors to hold energy levels comparable to traditional lead-acid batteries while releasing that energy far more quickly than conventional battery designs.

Supercapacitors are a developing category of energy storage devices that rely on electrostatic charge storage instead of the chemical reactions used in batteries. A long-standing challenge has been that only a small share of the carbon surface area needed for energy storage has been usable.

Unlocking More of Carbon's Potential

Professor Mainak Majumder, Director of the ARC Research Hub for Advanced Manufacturing with 2D Materials (AM2D) in Monash's Department of Mechanical and Aerospace Engineering, participated in the study.

"Our team has shown how to unlock much more of that surface area by simply changing the way the material is heat-treated," said Professor Majumder.

"This discovery could allow us to build fast-charging supercapacitors that store enough energy to replace batteries in many applications, and deliver it far more quickly."

Innovative Graphene Architecture Drives the Breakthrough




The researchers traced this progress to a newly designed material architecture called multiscale reduced graphene oxide (M-rGO), created from natural graphite, an abundant resource in Australia.

Through a rapid thermal annealing process, the team formed a highly curved graphene structure with controlled pathways that allow ions to move with exceptional speed and efficiency. This produced a material capable of both high energy density and high power density, a combination that is rarely achieved in a single device.

Record Performance in Real Devices

Dr. Petar Jovanovic, a research fellow in the ARC AM2D Hub and co-author of the study, explained that when incorporated into pouch cell devices, the Monash supercapacitors demonstrated:
    	Volumetric energy densities of up to 99.5 Wh/L (in ionic liquid electrolytes)
    	Power densities as high as 69.2 kW/L
    	Rapid charging capabilities with excellent cycle stability.

"These performance metrics are among the best ever reported for carbon-based supercapacitors, and crucially, the process is scalable and compatible with Australian raw materials," Dr. Jovanovic said.

Moving Toward Commercial Use

Dr. Phillip Aitchison, CTO of the Monash University spinout Ionic Industries and a co-author of the study, noted that efforts to commercialize the technology are already underway.




"Ionic Industries was established to commercialize innovations such as these and we are now making commercial quantities of these graphene materials," said Dr. Aitchison.

"We're working with energy storage partners to bring this breakthrough to market-led applications -- where both high energy and fast power delivery are essential."

The project received support from the Australian Research Council and the US Air Force Office of Sponsored Research and aligns with Monash University's broader goal of advancing materials for a low-carbon energy future.
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Scientists just found a way to tell if quantum computers are wrong | ScienceDaily
Quantum computing is often described as a future technology capable of handling problems that traditional computers cannot touch. Researchers expect major breakthroughs in physics, medical research, cryptography and several other fields as these machines mature.


						
As competition intensifies to create the first reliable, large-scale commercial quantum computer, a critical issue has become harder to ignore. If these devices produce answers to problems considered impossible for classical machines, how can anyone confirm that the results are correct?

A recent study from Swinburne University sets out to address this dilemma.

Why Quantum Answers Are Difficult to Check

"There exists a range of problems that even the world's fastest supercomputer cannot solve, unless one is willing to wait millions, or even billions, of years for an answer," says lead author, Postdoctoral Research Fellow from Swinburne's Centre for Quantum Science and Technology Theory, Alexander Dellios.

"Therefore, in order to validate quantum computers, methods are needed to compare theory and result without waiting years for a supercomputer to perform the same task."

The research team developed new techniques to confirm whether a particular type of quantum device, known as a Gaussian Boson Sampler (GBS), is producing accurate results. GBS machines rely on photons, the basic particles of light, to generate probability calculations that would require thousands of years for even the fastest classical supercomputer to complete.




New Tools Reveal Hidden Errors in Advanced Quantum Experiments

"In just a few minutes on a laptop, the methods developed allow us to determine whether a GBS experiment is outputting the correct answer and what errors, if any, are present."

To demonstrate their approach, the researchers applied it to a recently published GBS experiment that would take at least 9,000 years to reproduce using current supercomputers. Their analysis showed that the resulting probability distribution did not align with the intended target and revealed extra noise in the experiment that had not been evaluated before.

The next step is determining whether reproducing this unexpected distribution is itself computationally difficult or whether the observed errors caused the device to lose its 'quanutmness'.

Progress Toward Reliable, Commercial Quantum Machines

The outcome of this investigation may shape the development of large-scale, error-free quantum computers suitable for commercial use, a goal Dellios hopes to help lead.

"Developing large-scale, error-free quantum computers is a herculean task that, if achieved, will revolutionize fields such as drug development, AI, cyber security, and allow us to deepen our understanding of the physical universe.

"A vital component of this task is scalable methods of validating quantum computers, which increase our understanding of what errors are affecting these systems and how to correct for them, ensuring they retain their 'quantumness'."
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New research reveals the hidden organism behind Lake Erie's toxic blooms | ScienceDaily
During the warm months, Lake Erie becomes an ideal setting for cyanobacteria, also known as blue-green algae, to grow rapidly. Under these conditions, the algae can form large blooms that release toxins at levels capable of harming both wildlife and people.


						
Researchers at the University of Michigan have now pinpointed the organism responsible for producing these toxins. Their work identifies a particular type of cyanobacteria, known as Dolichospermum, as the source.

Harmful algal blooms, or HABs, can consist of many cyanobacterial species, each capable of generating different toxins. Determining which species produces which toxin is important for monitoring, predicting, and managing bloom events.

Tracing the Source of Microcystin and Saxitoxin

A major bloom in 2014 generated the toxin microcystin and posed a serious threat to Toledo's drinking water supply. Earlier, in 2007, scientists detected signs of an extremely strong toxin called saxitoxin in Lake Erie, although its biological source remained unknown. Saxitoxins belong to a group of closely related neurotoxins that are considered among the most powerful naturally occurring toxins.

"The main advantage of knowing which organism produces the toxin is that it helps us understand the conditions that cause toxin production -- that is, what conditions make those organisms successful," said Gregory Dick, professor of earth and environmental sciences and of environment and sustainability. "Such information can help guide policy and management, though we're still a long way from that in this case."

Using DNA Sequencing to Identify the Toxin Producer

To determine which organism was responsible for saxitoxin, the U-M team collected samples directly from HABs as they appeared in the lake. Lead author Paul Den Uyl applied "shotgun" sequencing, a technique that reads all DNA present in a water sample. With these sequences, he reconstructed a complete genome and then searched that genome for the genes involved in making saxitoxin.




Their analysis revealed several strains of Dolichospermum living in Lake Erie. However, only certain strains carried the ability to produce saxitoxin. While the reason for this difference is not yet clear, the researchers began examining the environmental conditions that may influence toxin production.

Environmental Clues in Temperature and Nutrient Levels

The team collected samples from multiple sites across Lake Erie throughout the year and measured how much of the saxitoxin-related gene appeared in each sample. They often detected higher levels of this gene in warmer water.

"That is interesting because we do know that the lakes are changing with climate change," said Den Uyl, a scientist at U-M's Cooperative Institute for Great Lakes Research, or CIGLR. "With the warming of the lakes, one of the big questions is, how is that going to change the biological communities, including harmful cyanobacterial blooms?"

They also observed that the gene linked to saxitoxin was less common in areas with elevated ammonium levels. The team suspects this pattern may relate to a distinctive characteristic of Dolichospermum: the presence of a gene that suggests it can use nitrogen in the form of dinitrogen, an abundant atmospheric gas. According to Dick, only a limited number of organisms can use nitrogen in this form, giving Dolichospermum a competitive advantage under certain conditions.

"One of the neat things about having the whole genome is you can see everything the organism can do, at least theoretically," said Dick, who is also director of CIGLR. "You have the whole blueprint for what the organism can do, and we do see the capability of obtaining fixed nitrogen from the water. It's just that getting it in the form of dinitrogen gas is kind of a superpower. Not a lot of organisms can do that, and it makes them more competitive under those conditions."

Monitoring Long-Term Risks in a Changing Lake




According to the researchers, they have monitored saxitoxin in the lake for nine years, but this span is too short to determine whether toxin levels will rise as the climate continues to warm.

"But now that we know who's producing it, I think we can keep a better watch on these organisms and we can also directly assess the gene abundance over time," Dick said. "We plan to continue monitoring the abundance of this organism, but it's too early to tell if it's becoming more abundant. It's just a correlation, but that correlation with temperature is concerning."

Their study appears in the journal Environmental Science & Technology.
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New state of quantum matter could power future space tech | ScienceDaily
Researchers at the University of California, Irvine have identified a previously unobserved form of quantum matter. According to the team, this state arises inside a specially engineered material that may one day support self-charging computers and technologies capable of operating in the harsh environment of deep space.


						
"It's a new phase of matter, similar to how water can exist as liquid, ice or vapor," said Luis A. Jauregui, professor of physics & astronomy at UC Irvine and corresponding author of the new Physical Review Letters. "It's only been theoretically predicted -- no one has ever measured it until now."

Exotic Electron Behavior and Exciton Formation

In this phase, electrons and positively charged "holes" come together to form a fluid-like mixture that creates unusual structures known as excitons. What makes this discovery especially striking is that the electrons and holes rotate in the same direction. "It's its own new thing," Jauregui said. "If we could hold it in our hands, it would glow a bright, high-frequency light."

The phenomenon was found in a material produced at UC Irvine by postdoctoral researcher Jinyu Liu, the study's first author. Jauregui's group detected the phase at the Los Alamos National Laboratory (LANL) in New Mexico while studying the material under intense magnetic conditions.

Magnetic Fields Trigger the New Quantum Phase

Creating this quantum state required exposing the material to magnetic fields of up to 70 Teslas (by comparison, the magnetic field from a strong fridge magnet is around 0.1 Teslas). The team refers to the material as hafnium pentatelluride.




As the magnetic field increased, the researchers observed a sharp drop in the material's electrical conductivity. Jauregui explained that this sudden change indicated the system had shifted into the exotic exciton state. "This discovery is important because it may allow signals to be carried by spin rather than electrical charge, offering a new path toward energy-efficient technologies like spin-based electronics or quantum devices."

Radiation-Resistant Properties for Space Exploration

This newly observed quantum matter is not affected by radiation, a trait that sets it apart from many materials used in today's electronic devices. The team believes this could be significant for space applications.

"It could be useful for space missions," Jauregui said. "If you want computers in space that are going to last, this is one way to make that happen."

Companies such as SpaceX are working toward future human missions to Mars, and any long-duration spaceflight will require electronics that can handle continuous radiation exposure.

"We don't know yet what possibilities will open as a result," Jauregui said.

The material was synthesized, characterized and incorporated into testable devices at UC Irvine by Jinyu Liu with assistance from graduate students Robert Welser and Timothy McSorley, and undergraduate researcher Triet Ho. Theoretical modeling and interpretation were contributed by Shizeng Lin, Varsha Subramanyan, and Avadh Saxena at LANL. High-magnetic-field experiments were carried out with support from Laurel Winter and Michael T. Pettes at LANL and David Graf at the National High Magnetic Field Laboratory in Florida.
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Ancient long snouted croc from Egypt rewrites evolution | ScienceDaily
In the remote Western Desert of Egypt, where striking layers of red sandstone and green shale rise above the dry plains surrounding Kharga Oasis, researchers have uncovered a fossil that significantly shifts current views on how crocodiles evolved.


						
The study, reported in The Zoological Journal of the Linnean Society, was conducted by a team of Egyptian paleontologists. They identified a new species named Wadisuchus kassabi, which lived roughly 80 million years ago. It is now considered the earliest known representative of Dyrosauridae -- a lineage of ancient crocodiles that differed substantially from the crocodiles seen today.

Revealing the Early Marine Lifestyle of Dyrosaurids

Dyrosaurids did not resemble the river-dwelling species familiar to us. Instead, they thrived in coastal and oceanic settings. Their long, narrow snouts and rows of thin, pointed teeth allowed them to catch agile prey such as fish and turtles. Their ability to survive and spread in the aftermath of the dinosaur extinction makes them a key group for understanding how reptiles adapted during a period of dramatic environmental change.

The name Wadisuchus kassabi reflects both the region and its cultural heritage. Wadi ("wady," Arabic for "valley") refers to the New Valley, where the fossils were recovered, while Suchus connects the species to Sobek, the ancient crocodile deity. The species name also commemorates Professor Ahmed Kassab (Assiut University), whose contributions to Egyptian paleontology continue to guide and inspire future scientists.

A Detailed Look Inside the Fossils

Professor Hesham Sallam, Egyptian Vertebrate Paleontologist at Mansoura University and senior author of the research, explained: "The fossils of Wadisuchus kassabi were excavated near Kharga and Baris oases in Egypt's Western Desert. They include two partial skulls and two snout tips representing four individuals at different stages of growth, providing rare insight into how dyrosaurids developed." Sallam continued: "High-resolution CT scans and 3D surface models enabled us to reveal unprecedented anatomical details."

Distinctive Features Offer Clues to Dyrosaurid Origins




Sara Saber, Assistant Lecturer at Assiut University, member of the Sallam Lab team at MUVP, and lead author of the study, said: "Wadisuchus kassabi, was a 3.5-4-meter-long crocodile-like reptile with a very long snout and tall, sharp teeth. It differed from other dyrosaurids, in having four teeth at the front of the snout instead of the primitive five, nostrils positioned on top of the snout for surface breathing, and a deep notch at the tip of the snout where the jaws met. These features show a gradual adaptation in the dyrosaurid bite, marking an important step in their evolutionary history."

Saber added: "Beyond the distinctive features of Wadisuchus, it plays a crucial role in understanding the origin of the dyrosaurid group. The new species pushes back evidence for an African origin of Dyrosauridae and suggests that their diversification began earlier than previously thought -- possibly during the Early Coniacian-Santonian (about 87-83 million years ago), rather than the traditionally assumed Maastrichtian (about 72-66 million years ago)."

Egypt as the Birthplace of a Global Crocodile Lineage

Belal Salem, PhD student at Ohio University, member of the Sallam Lab, Curator of Fossil Reptiles and Birds at MUVP, and faculty member at Benha University, states: "this discovery indicates that Africa was the cradle of dyrosaurid evolution, from which later lineages spread across the globe and our phylogenetic analyses consistently place Wadisuchus an ancestor of the dyrosaurid group."

Salem added that the find carries a broader message: "The significance of Wadisuchus lies not only in what it reveals about the evolutionary history of this remarkable group of crocodiles -- though that is a major achievement -- but also in what it reminds us of: Egypt's Western Desert still holds treasures that preserve the secrets of our planet's deep past. Our mission is not only to uncover these fossils but also to protect the fossil-rich sites from urban expansion and agricultural encroachment. They are a legacy for generations of Egyptians to come."
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Scientists discover hidden switch that helps cancer cells survive | ScienceDaily
Cells frequently encounter conditions that can damage them or even lead to cell death. To keep functioning, they must rapidly adjust which genes are active so they can protect themselves. Cancer cells face even more intense challenges because the environment around a tumor is often harsh and unstable. Despite this, they manage to flourish by activating gene programs that support larger tumor growth and the ability to spread to new areas of the body.


						
Until now, it was unclear how cancer cells transform stressful surroundings into an advantage. Researchers at Rockefeller suspected the answer would come from understanding how the cell's transcription machinery detects these conditions and shifts its activity. Their work has now identified a molecular switch inside breast cancer cells that redirects gene activity toward stress tolerance and tumor expansion.

The study, reported in Nature Chemical Biology, points to a possible new therapeutic target.

"This previously unknown transcription-level mechanism helps the cancer cells survive stressful conditions, so targeting it could disrupt a key survival mechanism that some cancers rely on," says first author Ran Lin, a research associate from the Laboratory of Biochemistry and Molecular Biology at The Rockefeller University. "It's another example of how basic research can open promising therapeutic avenues."

"We found that this molecular switch is mediated by a generic transcription complex normally required for all protein-coding genes," says Robert Roeder, head of the lab. "But what was most unexpected is that its individual subunits can be repurposed for several physiological functions -- including a function that allows cancer cells to survive and grow in high-stress environments."

Key Transcription Players and the Role of MED1

RNA polymerase II, also called Pol II, is the enzyme responsible for transcribing protein-coding genes in eukaryotic cells. Roeder originally discovered Pol II, and it often works together with the Mediator complex, a large coactivator made up of 30 subunits, to initiate the first steps of transcription. Additional adjustments to the resulting RNA can occur through post-transcriptional modifications, which further influence gene expression.




One important Mediator subunit is MED1. It is required for Pol II transcription in many cell types, including estrogen receptor-positive breast cancer (ER+ BC), which is one of the most common breast cancer categories.

Roeder's lab previously showed that interactions between estrogen receptors and MED1 strongly activate gene expression in ER+ BC. In some cases, this interaction can even reduce the effectiveness of cancer drugs. These earlier findings led Lin to question whether MED1 might also support cancer cell survival when the cells are under stress.

Investigating MED1 and Acetylation

Lin began by examining whether MED1 undergoes acetylation. Acetylation involves the addition of an acetyl group to a protein, and this chemical modification can alter how proteins function. Scientists are increasingly recognizing the impact of acetylation on tumor growth, cancer spread, and treatment resistance.

Once Lin confirmed that MED1 is acetylated, he investigated how this modification affects its activity during stressful conditions. The researchers exposed cells to several types of stress, including hypoxia (lack of oxygen), oxidative stress, and heat stress.

Stress Response Through Deacetylation

The team discovered that during stress, a protein known as SIRT1 removes acetyl groups from MED1. This process, referred to as "deacetylation," allows MED1 to partner more effectively with Pol II, boosting the potential for activating protective genes.




To further test this mechanism, the researchers engineered a version of MED1 missing six specific acetylation sites, which made it incapable of being acetylated. They then placed this modified protein into ER+ breast cancer cells where the natural MED1 had been removed using CRISPR.

The results were clear: whether MED1 was deacetylated due to stressful conditions or because it simply could not be acetylated, the outcome was the same. Breast cancer cells containing deacetylated MED1 produced tumors that grew more quickly and showed higher resistance to stress.

A Regulatory Switch Linked to Tumor Growth

"Our work reveals that the acetylation and deacetylation of MED1 act as a regulatory switch that helps cancer cells reprogram transcription in response to stress, supporting both survival and growth," Lin says. "In cancer -- particularly in ER+ breast cancer -- this pathway may be co-opted or intensified to support abnormal growth and survival. We hope these insights will inform future drug development, especially for breast cancers and possibly other malignancies that rely on stress-induced gene reprogramming."

"This MED1 regulatory pathway appears to be part of a wider paradigm in which acetylation regulates transcription factors," Roeder adds. "Our earlier work on p53 helped establish that principle. Continuing to probe these basic mechanisms is what allows us to identify pathways that may eventually be leveraged for therapeutic purposes."
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New study finds cancer-linked compounds in common foods | ScienceDaily
In today's world, many people are paying closer attention to their health and daily routines, with fitness habits and calorie-tracking apps becoming increasingly common. As part of this trend, more individuals are trying to include nutrient-dense foods such as fruits and vegetables in their diets. However, these foods can sometimes contain polycyclic aromatic hydrocarbons (PAHs) (hydrophobic organic compounds comprising multiple fused aromatic rings) and related substances. This contamination can occur through environmental exposure or through cooking methods such as heating, smoking, grilling, roasting, and frying. Some PAHs are known to be carcinogenic, creating potential health concerns.


						
Given these risks, accurately extracting and identifying PAHs in food is extremely important. Traditional extraction approaches, including solid-phase, liquid-liquid, and accelerated solvent extraction, are effective but often slow, labor intensive, and less environmentally friendly. To address these challenges, researchers have turned to the QuEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe) method, a technique designed to simplify and speed up the extraction of organic compounds. This approach shortens processing time, increases accuracy and recovery, and streamlines sample preparation, contributing to safer and more efficient PAH analysis.

SeoulTech Researchers Apply QuEChERS to Eight PAHs

A recent investigation by a team from the Department of Food Science and Biotechnology at Seoul National University of Science and Technology, led by Professor Joon-Goo Lee, applied the QuEChERS method to measure eight PAHs (Benzo[a]anthracene, Chrysene, Benzo[b]fluoranthene, Benzo[k]fluoranthene, Benzo[a]pyrene, Indeno[1,2,3-cd]pyrene, Dibenz[a,h]anthracene, and Benzo[g,h,i]perylene) in food. The study was published in Food Science and Biotechnology.

To perform the analysis, the researchers used acetonitrile to extract PAHs before purifying the samples with several combinations of sorbents. Using multiple food matrices, they confirmed that the QuEChERS method produced highly consistent results. Calibration curves for all eight PAHs showed exceptional linearity, with the R2 value surpassing 0.99.

Gas chromatography-mass spectrometry testing revealed detection limits ranging from 0.006 to 0.035 mg/kg and quantification limits between 0.019 and 0.133 mg/kg. Recovery rates were equally strong, ranging from 86.3 to 109.6% at 5 mg/kg, 87.7 to 100.1% at 10 mg/kg, and 89.6 to 102.9% at 20 mg/kg, with precision values between 0.4 and 6.9% across all tested food matrices.

Prof. Lee explains, "This method not only simplifies the analytical process but also demonstrates high efficiency in detection compared to conventional methods. It can be applied to a wide range of food matrices."

Practical Applications and Public Health Benefits




In food-related industries, this method could support more effective safety inspections and improve overall quality control. It may also lower operational costs and enhance worker safety.

"Our research can improve public health by providing safe food. It also reduces the use and emission of hazardous chemicals in laboratory testing," concludes Prof. Lee.

Overall, the study demonstrates that the PAH analysis technique built on the QuEChERS approach is rapid, accurate, and environmentally sustainable.
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A lost Amazon world just reappeared in Bolivia | ScienceDaily
In September 2021, a team of specialists traveled to one of the least-documented areas of the Bolivian Amazon: the Great Tectonic Lakes of Exaltacion in the department of Beni. The expedition, organized by the Grupo de Trabajo para los Llanos de Moxos (GTLM), brought together experts from the Wildlife Conservation Society, the National Museum of Natural History, the Institute of Ecology, the Biodiversity and Environment Research Center, the Aquatic Resources Research Center, and the Department of Anthropology of the Americas at the University of Bonn.


						
In the southwestern Amazon, the tectonic Lakes Rogaguado and Ginebra reveal a landscape shaped by generations of human innovation. Beneath the open grasslands and shallow waters lie the remains of extensive earthworks, raised agricultural fields, and interconnected canals that reflect a long history of people adapting to a dynamic environment.

These lakes sit within the Municipal Protected Area of Grandes Lagos Tectonicos de Exaltacion and form part of the Rio Yata Ramsar wetland complex, which is recognized by UNESCO for both its ecological and cultural value. Set in the Llanos de Moxos, a vast network of savannas, gallery forests, and floodplains that make up the largest wetland system in the Amazon basin, this area has inspired curiosity for centuries. Ethnohistorical accounts even linked it to the legendary 'Land of Paititi.' Only recently has its deep human past begun to come into clearer view.

Mapping a Long History of Settlement

Using a combination of surveys, excavations, and LiDAR imaging, the research team documented several archaeological sites: Paquio, Coquinal, Isla del Tesoro, and Jasschaja. Each site represents a different stage in the long sequence of habitation across this region.

Radiocarbon dates reveal repeated occupations from roughly 600 to 1400 CE. Findings at Paquio show an early settlement beginning around 600 CE, followed by a more intensive occupation between 1000 and 1200 CE. This later phase included shell middens, dense ceramic refuse, and a sophisticated system of canals and raised fields connected to maize-based farming. Jasschaja, which dates from 1300 to 1400 CE, reflects broader landscape alterations and greater botanical diversity, suggesting intensified forest and crop management during its occupation.

Innovations in Water Management and Agriculture

The terrain of the Llanos de Moxos is filled with geometric forms that reveal themselves on closer inspection. Circular and rectangular ditches, drainage channels, raised planting platforms, and clusters of mounds create a complex network designed for water control and cultivation. These structures were built to regulate seasonal flooding, guide water flow, and create stable areas for living and farming within a wetland that changes dramatically throughout the year.




Their many shapes, ranging from geometric enclosures to long elevated fields, indicate that there was no single standardized design. Instead, they represent centuries of experimentation as communities responded to shifting ecological and social conditions. Together, these features highlight the cultural diversity and long-term resilience of the people who developed them.

Excavations at Paquio and Jasschaja also revealed details about a varied pre-Hispanic diet that relied on wetland resources. Fish such as wolf fish, peacock bass, and South American lungfish were especially common, accompanied by reptiles including caimans and turtles, and mammals such as capybaras, pacas, and armadillos. Plant remains show the use of maize, legumes, and multiple palm species -- moriche palm, corozo palm, cumare palm, totai palm, palmita, and peach palm. Together, these remains point to a balanced subsistence strategy that combined fishing, hunting, gathering, and farming.

Biocultural Knowledge and Indigenous Leadership

The Cayubaba and Movima communities continue to live in these landscapes, where rich biodiversity is deeply connected to cultural heritage. Their long-standing presence and environmental knowledge help maintain a unique form of biocultural heritage in which ecological and cultural diversity have developed side by side over many generations.

During the post-Covid-19 field seasons, collaboration with local communities was rooted in open communication and mutual respect. Representatives of the Cayubaba Indigenous Council, which includes 21 Cayubaba and Movima communities, assisted researchers in identifying areas for study, providing access to culturally important places, and specifying sites that should not be disturbed. While interactions were limited for health reasons, this partnership ensured that the research reflected community priorities and contributed to a fuller understanding of the living heritage of the region.

Through the GTLM, Indigenous leaders and scientists are working together to link archaeological and ecological research with conservation initiatives. These efforts emphasize that the Llanos de Moxos is not only a center of biodiversity but also a landscape shaped through long human histories, and they support continued management of the Yata River Ramsar site and the protected areas connected to it.




Lessons From the Past for a Changing Amazon

As deforestation, expanding agriculture, and climate change put increasing pressure on the Amazon, the landscapes around Lakes Rogaguado and Ginebra highlight the importance of sustainable land-use traditions. Archaeological evidence shows that past communities developed flexible ways of living that combined farming, fishing, and forest management. Rather than seeking to control or overexploit the environment, they adapted to its seasonal cycles and used periodic flooding as an opportunity.

Although raised-field agriculture eventually ended -- likely because of population decline and social upheaval after European colonization -- this does not diminish the effectiveness of these systems. For centuries, communities maintained productive landscapes by working with the region's natural rhythms. Their practices challenge modern assumptions about what counts as "development" and remind us that resilience often emerges from diversity: of species, of knowledge, and of cultural traditions.

Protecting this biocultural heritage is now a global responsibility. The wetlands of the Llanos de Moxos continue to store carbon, moderate water systems, and support a wide range of species. Conservation efforts must also respect the people who have cared for these landscapes for generations. In this way, archaeology becomes more than a study of the past; it becomes a means of reconnecting ancient knowledge with today's urgent debates about sustainability and environmental justice.

The Llanos de Moxos demonstrate that the Amazon has always been a place where people and nature have shaped one another. Its monumental earthworks, forest islands, and living cultural traditions suggest that part of our shared future may depend on listening more closely to these landscapes that remember.
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Wild chimps consume more alcohol than anyone expected | ScienceDaily
The first-ever measurements of the ethanol content of fruits available to chimpanzees in their native African habitat show that the animals could easily consume the equivalent of more than two standard alcoholic drinks each day, according to researchers at the University of California, Berkeley.


						
It is still unknown whether chimpanzees deliberately choose fruits with higher ethanol levels, which tend to be riper and richer in sugar that can ferment. However, many of the fruit species they regularly eat contain measurable ethanol, indicating that alcohol is a routine part of their menu and was probably present in the diets of our human ancestors as well.

"Across all sites, male and female chimpanzees are consuming about 14 grams of pure ethanol per day in their diet, which is the equivalent to one standard American drink," said UC Berkeley graduate student Aleksey Maro of the Department of Integrative Biology. "When you adjust for body mass, because chimps weigh about 40 kilos versus a typical human at 70 kilos, it goes up to nearly two drinks."

A "standard drink" in the U.S. contains 14 grams of ethanol, irrespective of the consumer's body size, although in much of Europe the standard is 10 grams.

Measuring ethanol in wild fruits

Maro analyzed 21 different fruit species eaten by chimps at two long-term research sites, Ngogo in Uganda and Tai in Ivory Coast. On average, these fruits contained 0.26% alcohol by weight. Primatologists working at these locations estimate that chimps typically eat about 10 pounds (4.5 kilograms) of fruit per day and that fruit accounts for roughly three quarters of their total food intake. Researchers have also estimated how much each fruit species contributes to the overall diet at each site, which allowed the Berkeley team to calculate an average daily intake of ethanol from food.

"The chimps are eating 5 to 10% of their body weight a day in ripe fruit, so even low concentrations yield a high daily total -- a substantial dosage of alcohol," said Robert Dudley, UC Berkeley professor of integrative biology. "If the chimps are randomly sampling ripe fruit as did Aleksey, then that's going to be their average consumption rate, independent of any preference for ethanol. But if they are preferring riper and/or more sugar-rich fruits, then this is a conservative lower limit for the likely rate of ethanol ingestion."

Low-level alcohol exposure and evolutionary clues




According to Maro, chimps feed on fruit throughout the day and do not appear visibly drunk. To actually feel intoxicated, a chimp would need to eat so much fruit that its stomach would become painfully distended. Even so, this steady, low-level intake of ethanol implies that the last common ancestor of humans and chimpanzees, our closest living relatives among the apes, probably encountered alcohol every day from fermenting fruit. That nutrient is largely absent from the diets of captive chimps and from many modern human diets.

"Chimpanzees consume a similar amount of alcohol to what we might if we ate fermented food daily," Maro said. "Human attraction to alcohol probably arose from this dietary heritage of our common ancestor with chimpanzees."

Maro is first author and Dudley is senior author of a peer-reviewed paper describing these findings that is published in the journal Science Advances.

The 'drunken monkey' hypothesis

More than two decades ago, Dudley proposed that humans' interest in alcohol has deep roots in primate evolution and stems from ancient foraging habits. He later expanded this idea in his 2014 book The Drunken Monkey: Why We Drink and Abuse Alcohol. His "drunken monkey" hypothesis initially met resistance from many scientists, especially primatologists, who argued that primates in the wild do not commonly eat fermented fruits or nectar. These foods contain alcohol produced when yeast digests sugars, in much the same way that yeast turns grape juice into wine.

Over time, however, observational and experimental evidence has increasingly supported Dudley's view. More field researchers now report that monkeys and apes do in fact eat fermented fruit, including a recent observation of chimpanzees in Guinea-Bissau. Other studies, conducted with animals in captivity, have shown that some primates actively favor alcohol. In 2016, for example, Dartmouth University researchers found that captive aye-ayes and slow lorises given nectar with different alcohol levels tended to finish the most alcoholic nectar first and then repeatedly return to those empty containers. In 2022, Dudley worked with collaborators in Panama to show that wild spider monkeys consume fermented fruit containing alcohol and later excrete alcohol metabolites in their urine.




Alcohol in the diets of many animals

Mammals are not the only creatures that take in alcohol as part of normal feeding. In a study published earlier this year, Dudley and colleagues at Berkeley analyzed feathers from 17 bird species and found alcohol metabolites in 10 of them. This indicates that their diet -- nectar, grain, insects and even other vertebrates -- contained significant amounts of ethanol.

"The consumption of ethanol is not limited to primates," Dudley said. "It's more characteristic of all fruit-eating animals and, in some cases, nectar-feeding animals."

He noted that one idea about why animals might seek out ethanol is that its smell helps them locate foods that are richer in sugar and thus provide more energy. Alcohol may also make eating feel more rewarding, in a way that resembles sipping wine with a meal. Another possibility is that sharing fruit containing alcohol contributes to social bonding within primate groups or among other species.

"It just points to the need for additional federal funding for research into alcohol attraction and abuse by modern humans. It likely has a deep evolutionary background," Dudley said.

Fieldwork in African forests

Beginning in 2019, Maro conducted two field seasons at Ngogo in Uganda's Kibale National Park and one season at Tai National Park in Cote d'Ivoire. Ngogo is home to the largest known chimpanzee community in Africa. There, chimps climb into the trees to harvest fruits and often prefer several types of figs. Maro and his colleagues collected intact, freshly fallen fruits lying beneath trees where chimps had recently been feeding. At Tai, where chimps more often eat fruit that has fallen, the team similarly gathered undamaged and unbitten fruits from the ground below fruiting trees.

Each fruit sample was sealed in an airtight container, and the team recorded details including species, size, color and softness. Back at base camp, the fruits were frozen to halt further ripening. To determine alcohol content, Maro applied three different techniques across his field trips: a semiconductor-based sensor similar to a breathalyzer, a portable gas chromatograph and a chemical assay. All three methods produced consistent alcohol readings. Before heading to the field, Maro validated each technique in Dudley's Berkeley laboratory using a standardized protocol that could easily be reproduced under field conditions, where he often processed about 20 samples in a 12 hour day.

Two of the methods involved thawing the fruit, removing the peel and seeds, blending the pulp and then letting it sit in a sealed container for a couple of hours so that alcohol could move into the air above the pulp. This air, or "headspace," was then sampled and analyzed for ethanol content. The third method extracted liquid from the pulp and used color changing chemicals that react to ethanol.

Alcohol rich fruits and what chimps choose to eat

When the alcohol content of the fruits was averaged and weighted according to how often chimps eat each species, the numbers came out to 0.32% by weight at Ngogo and 0.31% at Tai. The fruits that chimps consume most frequently at each site, a fig called Ficus musuco at Ngogo and the plum like fruit of the evergreen Parinari excelsa at Tai, were also the most alcohol rich. Maro noted that groups of male chimpanzees often gather high in the canopy of F. musuco trees to eat fruit before heading out on patrols along the borders of their territory. The fruits of P. excelsa are also a favorite of elephants, which are known to be drawn to alcohol.

"I think the strength of Aleksey's approach is that it used multiple methods," Dudley said. "One of the reasons this has been a tempting target but no one's gone after it is because it's so hard to do in a field site where there are wild primates eating known fruits. This dataset has not existed before, and it has been a contentious issue."

Next steps in tracking chimpanzee alcohol exposure

The new research establishes a baseline for future projects in chimpanzee reserves that aim to determine how often chimps select fermented, alcohol containing fruits over less fermented options. During the following summer, Maro returned to Ngogo to collect urine from chimps while they slept in trees, a difficult task that required an umbrella, so that he could test for alcohol metabolites using kits similar to those used in some U.S. workplaces. Along with team member Laura Clifton Byrne, an undergraduate at San Francisco State University, he also shadowed foraging chimpanzees, retrieving freshly dislodged fruits from beneath the canopy and measuring their alcohol content.

Co-authors of the paper are Aaron Sandel of the University of Texas, Austin; Bi Z. A. Blaiore and Roman Wittig of the Tai Chimpanzee Project; and John Mitani of the University of Michigan, Ann Arbor, one of the founders of the Ngogo Chimpanzee Project. The work was funded by UC Berkeley.
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New 3D scan reveals a hidden network of moai carvers on Easter Island | ScienceDaily

Rapa Nui is widely recognized for its hundreds of stone statues (moai), crafted by Polynesian settlers beginning in the 13th century. Archaeological work has repeatedly shown that the island was home to many small family groups rather than a unified political system. This background has prompted researchers to explore whether the carving of moai followed the same decentralized structure.

High-Resolution 3D Modeling Reveals 30 Quarry Work Zones

For this study, scientists gathered more than 11,000 photographs of Rano Raraku, the primary moai quarry. These images were merged into a detailed 3D reconstruction that captured hundreds of moai preserved in different stages of production. After analyzing the model, the team identified 30 distinct quarrying areas, each showing unique carving approaches. Additional clues indicate that completed or partially shaped moai were moved away from the quarry along several different paths. Taken together, these patterns suggest that statue creation reflected the island's broader social organization, with carving efforts carried out independently rather than through centralized oversight.

New Evidence Challenges Long-Held Assumptions

The findings call into question the idea that projects of this scale require strict hierarchy or a single coordinating authority. Similarities between moai appear to come from the sharing of cultural knowledge instead of coordinated, joint labor. The new quarry model also provides a valuable dataset that can support future investigations and guide cultural management at this UNESCO World Heritage site. The same methods used here can also be applied to study other archaeological locations.

The authors explain: "Much of the so-called "mystery" of Rapa Nui (Easter Island) comes from the lack of openly available, detailed evidence that would allow researchers to evaluate hypotheses and construct explanations. Here, we present the first high-resolution 3D model of the moai quarry at Rano Raraku, the central quarry for nearly 1,000 statues, offering new insights into the organizational and manufacturing processes of these giant megalithic figures."

Fieldwork for this research was supported by a National Science Foundation grant (Award #2218602). The funders had no involvement in study design, data collection and analysis, decisions related to publication, or manuscript preparation.
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Scientists discover a hidden brain circuit that rewrites vision | ScienceDaily
Vision guides an animal's actions, but new research from MIT shows that the relationship goes both ways. The study, published November 25 in Neuron, reports that behavior and internal conditions directly influence how visual information is processed. In mice, the brain's prefrontal cortex, which serves as a major center for executive control, sends tailored signals to regions involved in vision and movement. These signals adjust how those regions operate depending on factors such as how alert the mouse is and whether it is actively moving.


						
"That's the major conclusion of this paper: There are targeted projections for targeted impact," said senior author Mriganka Sur, Paul and Lilah Newton Professor in The Picower Institute for Learning and Memory and MIT's Department of Brain and Cognitive Sciences.

Investigating Customized Prefrontal Signals

Scientists have long proposed, including Sur's colleague Earl K. Miller at MIT, that the prefrontal cortex can guide the activity of more posterior areas of the brain. While anatomical evidence has supported this idea, the goal of the new study was to determine whether the prefrontal cortex sends one broad type of signal or instead crafts distinct messages for different target regions. Lead author and Sur Lab postdoctoral researcher Sofie Ahrlund-Richter also sought to identify which specific neurons receive these signals and how the communication influences downstream processing.

Different Prefrontal Regions Serve Different Roles

The team identified a number of new insights. Two areas in the prefrontal cortex, the orbitofrontal cortex (ORB) and the anterior cingulate area (ACA), were found to relay information about both arousal and movement to two other regions: the primary visual cortex (VISp) and the primary motor cortex (MOp). These messages appear to have unique effects. For example, higher arousal increased ACA's tendency to help VISp sharpen its visual representations. ORB, however, became influential only when arousal was very high, and its involvement appeared to decrease the clarity of visual encoding. According to Ahrlund-Richter, ACA may help the brain focus on potentially meaningful visual details as arousal rises, while ORB may act to reduce attention to distracting or overly strong stimuli.

"These two PFC subregions are kind of balancing each other," Ahrlund-Richter said. "While one will enhance stimuli that might be more uncertain or more difficult to detect, the other one kind of dampens strong stimuli that might be irrelevant."

Mapping and Monitoring Brain Circuits




To better understand the involved pathways, Ahrlund-Richter performed detailed anatomical tracing of the connections ACA and ORB form with VISp and MOp. In additional experiments, mice ran freely on a wheel while viewing structured images or naturalistic movies at different contrast levels. At certain moments, small air puffs increased the animals' arousal level. Throughout these tasks, researchers recorded the activity of neurons in ACA, ORB, VISp and MOp, with particular attention to the signals traveling along the axons linking prefrontal and posterior areas.

The tracing work showed that ACA and ORB each communicate with a variety of cell types in their target regions rather than a single cell class. They also connect in distinct spatial patterns. In VISp, ACA primarily targeted layer 6, while ORB communicated mainly with layer 5.

How Arousal and Movement Shift Visual Processing

When the team examined the transmitted information and neural activity, several consistent patterns emerged. ACA neurons conveyed more detailed visual information than ORB neurons and were more responsive to changes in contrast. ACA activity also tracked closely with arousal level, while ORB responded only when arousal reached a high threshold. When signaling to MOp, both regions conveyed information about running speed. When signaling to VISp, however, they only indicated whether the mouse was moving or still. The two prefrontal regions also carried information about arousal and a small amount of visual detail to MOp.

To see how this communication affects visual processing, the researchers temporarily blocked the pathways leading from ACA and ORB to VISp. This allowed them to measure how VISp neurons responded without these inputs. They found that ACA and ORB exerted specific and opposing effects on visual encoding depending on the mouse's movement and level of arousal.

A Specialized Model of Prefrontal Feedback

"Our data support a model of PFC feedback that is specialized at both the level of PFC subregions and their targets, enabling each region to selectively shape target-specific cortical activity rather than modulating it globally," the authors wrote in Neuron.




In addition to Sur and Ahrlund-Richter, the research team included Yuma Osako, Kyle R. Jenks, Emma Odom, Haoyang Huang, and Don B. Arnold.

The work was supported by a Wenner-Gren foundations Postdoctoral Fellowship, the National Institutes of Health, and the Freedom Together Foundation.
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Why some memories last a lifetime while others fade fast | ScienceDaily
Every day, the brain turns passing impressions, creative sparks, and emotional experiences into lasting memories that shape our identity and guide our decisions. A central question in neuroscience has been how the brain determines which pieces of information are worth storing and how long those memories should remain.


						
Recent findings show that long-term memories form through a sequence of molecular timing mechanisms that activate across different parts of the brain. Using a virtual reality behavioral system in mice, scientists identified regulatory factors that help move memories into increasingly stable states or allow them to fade entirely.

A study published in Nature highlights how several brain regions work together to reorganize memories over time, with checkpoints that help assess how significant each memory is and how durable it should be.

"This is a key revelation because it explains how we adjust the durability of memories," says Priya Rajasethupathy, head of the Skoler Horbach Family Laboratory of Neural Dynamics and Cognition. "What we choose to remember is a continuously evolving process rather than a one-time flipping of a switch."

Moving Beyond the Classic Memory Model

For many years, researchers focused on two primary memory centers: the hippocampus, which supports short-term memory, and the cortex, which was believed to store long-term memories. These long-term memories were thought to sit behind biological on-and-off switches.

"Existing models of memory in the brain involved transistor-like memory molecules that act as on/off switches," says Rajasethupathy.




This older view suggested that once a memory was marked for long-term storage, it would persist indefinitely. Although this framework provided useful insights, it did not explain why some long-term memories last for weeks while others remain vivid for decades.

A Key Pathway Linking Short and Long-Term Memory

In 2023, Rajasethupathy and colleagues described a brain circuit that connects short-term and long-term memory systems. A central element of this pathway is the thalamus, which helps determine which memories should be kept and directs them to the cortex for long-term stabilization.

These discoveries opened the door to deeper questions: What happens to memories once they leave the hippocampus, and what molecular processes decide whether a memory becomes lasting or disappears?

Virtual Reality Experiments Reveal Memory Persistence

To investigate these mechanisms, the team built a virtual reality setup that allowed mice to form specific memories. "Andrea Terceros, a postdoc in my lab, created an elegant behavioral model allowed us to break open this problem in a new way," Rajasethupathy says. "By varying how often certain experiences were repeated, we were able to get the mice to remember some things better than others, and then look into the brain to see what mechanisms were correlated with memory persistence."

Correlation alone could not answer the key questions, so co-lead Celine Chen created a CRISPR-based screening platform to alter gene activity in the thalamus and cortex. This approach showed that removing certain molecules changed how long memories lasted, and each molecule operated on its own timescale.




Timed Programs Guide Memory Stability

The results indicate that long-term memory relies not on a single on/off switch, but on a sequence of gene-regulating programs that unfold like molecular timers across the brain.

Early timers activate quickly but fade fast, allowing memories to disappear. Later timers turn on more gradually, giving important experiences the structural support needed to persist. In this study, repetition served as a stand-in for importance, letting researchers compare frequently repeated contexts with those seen only occasionally.

The team identified three transcriptional regulators essential for maintaining memories: Camta1 and Tcf4 in the thalamus, and Ash1l in the anterior cingulate cortex. These molecules are not required to form the initial memory but are crucial for preserving it. Disrupting Camta1 and Tcf4 weakened connections between the thalamus and cortex and caused memory loss.

According to the model, memory formation begins in the hippocampus. Camta1 and its downstream targets help keep that early memory intact. Over time, Tcf4 and its targets activate to strengthen cell adhesion and structural support. Finally, Ash1l promotes chromatin remodeling programs that reinforce memory stability.

"Unless you promote memories onto these timers, we believe you're primed to forget it quickly," Rajasethupathy says.

Shared Memory Mechanisms Across Biology

Ash1l is part of a protein family known as histone methyltransferases, which help maintain memory-like functions in other systems. "In the immune system, these molecules help the body remember past infections; during development, those same molecules help cells remember that they've become a neuron or muscle and maintain that identity long-term," Rajasethupathy says. "The brain may be repurposing these ubiquitous forms of cellular memory to support cognitive memories."

These discoveries may eventually help researchers address memory-related diseases. Rajasethupathy suggests that, by understanding the gene programs that preserve memory, scientists may be able to redirect memory pathways around damaged brain regions in conditions such as Alzheimer's. "If we know the second and third areas that are important for memory consolidation, and we have neurons dying in the first area, perhaps we can bypass the damaged region and let healthy parts of the brain take over," she says.

Next Steps: Decoding the Memory Timer System

Rajasethupathy's team now aims to uncover how these molecular timers are activated and what determines their duration. This includes investigating how the brain evaluates the importance of a memory and decides how long it should last. Their work continues to point toward the thalamus as a central hub in this decision-making process.

"We're interested in understanding the life of a memory beyond its initial formation in the hippocampus," Rajasethupathy says. "We think the thalamus, and its parallel streams of communication with cortex, are central in this process."
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Simple thyroid check in pregnancy may lower autism risk | ScienceDaily
Women who experience continuing thyroid hormone irregularities throughout pregnancy may face a higher chance of having a child diagnosed with autism, according to a study released in The Journal of Clinical Endocrinology & Metabolism.


						
Thyroid hormones supplied by the mother play an important role in fetal neurodevelopment. When these hormones become disrupted during pregnancy, previous work has linked the imbalance to atypical brain development and a higher likelihood of autism spectrum disorder (ASD). Autism is a multifaceted condition that shapes how an individual communicates, interacts socially and interprets the world.

Untreated Multi-Trimester Imbalance Carries Higher Risk

"We found that while adequately treated chronic thyroid dysfunction was not associated with increased autism risk in offspring, ongoing imbalance across multiple trimesters was," said Idan Menashe, Ph.D., of the Ben-Gurion University of the Negev in Beer Sheva, Israel. "These findings underscore the need for routine monitoring and timely adjustment of therapy to maintain normal thyroid hormone levels throughout pregnancy."

Large Birth Cohort Shows Clear Pattern

The research tracked more than 51,000 births and reported that mothers with persistent thyroid hormone imbalance across pregnancy had an increased likelihood of having children with autism.

The authors also documented a dose-response pattern, meaning the risk rose as the number of affected trimesters increased.




Research Team and Publication Information

Other contributors to the study include Leena Elbedour of the Ben-Gurion University of the Negev; May Weinberg of the Meir Medical Center in Kfar Saba, Israel, and Tel Aviv University in Tel Aviv, Israel; Gal Meiri of the Soroka University Medical Center in Beer-Sheva, Israel, and the Ben-Gurion University of the Negev; and Analya Michaelovski of the Soroka University Medical Center.

No funding was received for this research.

"Maternal Thyroid Hormone Imbalance and Risk of Autism Spectrum Disorder," was published online, ahead of print.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251129053353.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists discover hidden wolf DNA in most dogs | ScienceDaily
New findings from scientists at the American Museum of Natural History and the Smithsonian's National Museum of Natural History show that most dogs alive today retain small but measurable amounts of wolf ancestry that developed after domestication. These lingering wolf genes appear to have influenced characteristics such as body size, scent abilities, and aspects of behavior. The research, published on November 24 in Proceedings of the National Academy of Sciences, indicates that this subtle gene flow may help dogs succeed in many different human environments. The team reports that post-domestication wolf ancestry occurs across a broad range of breeds, from the large Shiloh shepherd to the tiny chihuahua.


						
"Modern dogs, especially pet dogs, can seem so removed from wolves, which are often demonized," said the study's lead author Audrey Lin, a Gerstner Postdoctoral Scholar in Bioinformatics and Computational Biology at the American Museum of Natural History. "But there are some characteristics that may have come from wolves that we greatly value in dogs today and that we choose to keep in their lineage. This is a study about dogs, but in a lot of ways, it's telling us about wolves."

Ancient Origins and Limited Hybridization

Dogs trace their origins to an extinct population of gray wolves that evolved alongside humans during the late Pleistocene about 20,000 years ago. Although wolves and dogs still share territory and are capable of producing fertile offspring, actual hybridization between them is unusual. Except for a few deliberate crosses, researchers have found little evidence of genetic mixing after domestication established separate lineages.

"Prior to this study, the leading science seemed to suggest that in order for a dog to be a dog, there can't be very much wolf DNA present, if any," Lin said. "But we found if you look very closely in modern dog genomes, wolf is there. This suggests that dog genomes can "tolerate" wolf DNA up to an unknown level and still remain the dogs we know and love."

Large Genomic Survey Highlights Deep Ancestry Links

The research team examined more than 2,700 published genomes from the National Center for Biotechnology Information and the European Nucleotide Archive, including wolves, breed dogs, village dogs, and other canids from the late Pleistocene to the present. Their analysis revealed that almost two-thirds of breed dogs retain wolf ancestry within their nuclear genome from hybridization events that occurred around 1,000 generations ago. Every village dog genome studied also showed detectable wolf ancestry. Village dogs are free-roaming animals that live in or near human communities.




Czechoslovakian and Saarloos wolfdogs, intentionally bred through wolf-dog hybridization, had the highest wolf ancestry levels at 23-40 percent. Among typical dog breeds, the great Anglo-French tricolor hound had the strongest signal at 4.7 to 5.7 percent, followed by the Shiloh shepherd at 2.7 percent. While the Shiloh shepherd's wolf ancestry fits with its history of breeding with wolfdogs or other recent hybrids to create healthier shepherd dogs in the US, the elevated wolf ancestry in the Great Anglo-French tricolor hound, the most common hound in France, is both unexpected and unexplained. The Tamaskan, a "wolfalike" breed created in the UK during the 1980s by selecting huskies, malamutes, and other dogs for a wolf-like appearance, has about 3.7 percent wolf ancestry.

Wolf Influence Across Dog Types and Sizes

The researchers identified several broad trends in their data. Larger dogs and those bred for specific types of work, such as Arctic sled dogs, "pariah" breeds, and hunting dogs, tended to have higher levels of wolf ancestry. Terriers, gundogs, and scent hounds typically had the lowest levels. Some large guardian dogs showed high wolf ancestry, while others, including the Neapolitan mastiff, bullmastiff, and St. Bernard, showed none. Wolf ancestry also appeared in breeds that did not fit these patterns, including the chihuahua, which had about 0.2 percent wolf ancestry.

"This completely makes sense to anyone who owns a chihuahua," Lin said. "And what we've found is that this is the norm most dogs are a little bit wolfy."

Personality Traits and Wolf Ancestry Trends

The team also compared how kennel clubs describe the behaviors of breeds with the highest and lowest wolf ancestry. Breeds with low levels were most often labeled "friendly," followed by "eager to please," "easy to train," "courageous," "lively," and "affectionate." Breeds with higher wolf ancestry were more often described as "suspicious of strangers," "independent," "dignified," "alert," "loyal," "reserved," and "territorial." Descriptors such as "intelligent," "obedient," "good with children," "dedicated," "calm," and "cheerful" appeared with similar frequency in both groups. The researchers emphasized that these personality labels reflect human observations and that it remains unclear whether wolf-derived DNA directly influences these traits. Even so, the findings open new directions for future behavioral research.




Wolf-Derived Adaptations in Modern Dogs

The study also highlighted several adaptations that dogs appear to have inherited from wolves. Village dogs showed enriched wolf ancestry in olfactory receptor genes, which may support their need to locate human food waste. Another adaptation traced to a Tibetan wolf-like gene enables Tibetan mastiffs to tolerate low-oxygen environments in the Tibetan Plateau and the Himalayas.

"Dogs are our buddies, but apparently wolves have been a big part of shaping them into the companions we know and love today," said study co-author Logan Kistler, curator of archaeobotany and archaeogenomics at the National Museum of Natural History. "Through the years, dogs have had to solve all kinds of evolutionary problems that come with living with humans, whether it's surviving at high altitude, searching for their next meal as they freely roam a village, or protecting the herd, and it seems like they use wolf genes as part of a toolkit to continue their evolutionary success story."

Other study authors include Regina Fairbanks, from the University of California, Davis; Jose Barba-Montoya, from the American Museum of Natural History; and Hsiao-Lei Liu, from the National Museum of Natural History and University of Stockholm.
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        3.3 billion-year-old crystals reveal a shockingly active early Earth
        Fresh evidence suggests early Earth wasn't locked under a rigid stagnant lid but was already experiencing intense subduction. Ancient melt inclusions and advanced simulations point to continents forming far earlier than expected. The findings overturn long-held assumptions about the planet's infancy and reveal a surprisingly active Hadean world.

      

      
        Astronomers find a planet orbiting at a wild angle no one can explain
        A network of powerful ground-based telescopes captured rare starspot-crossing events on TOI-3884b, revealing cooler patches on the star's surface and rapid changes tied to its rotation. By combining multicolor transit observations with months of high-cadence brightness monitoring, researchers nailed down the star's rotation period with impressive precision. These measurements allowed them to map the system's geometry--and what they found was surprising: the planet's orbit is wildly tilted relative...

      

      
        A simple oxygen hack creates 7 new ceramic materials
        Penn State researchers created seven new high-entropy oxides by removing oxygen during synthesis, enabling metals that normally destabilize to form rock-salt ceramics. Machine learning helped identify promising compositions, and advanced imaging confirmed their stability. The method offers a flexible framework for creating materials once thought impossible to synthesize.

      

      
        Daily coffee may slow biological aging in mental illness
        Researchers studying people with major psychiatric disorders found that drinking up to four cups of coffee a day is associated with longer telomeres. This suggests a potential slowing of biological aging by about five years. However, drinking five or more cups showed no benefit and may even contribute to cellular damage. Coffee's antioxidant and anti-inflammatory properties may help explain the effect.

      

      
        Hornet-eating frog shows remarkable venom resistance
        Experiments reveal that pond frogs can eat highly venomous hornets without suffering noticeable damage, even after repeated stings. Most frogs successfully consumed hornets, including the notorious Asian giant hornet. This unusual resilience suggests that frogs may have evolved mechanisms to block the effects of venom. Their resistance could help scientists uncover new insights into pain and toxin tolerance.

      

      
        Scientists capture flu viruses surfing into human cells in real time
        Scientists have captured a never-before-seen, high-resolution look at influenza's stealthy invasion of human cells, revealing that the cells aren't just helpless victims. Using a groundbreaking imaging technique, researchers discovered that our cells actually reach out and "grab" the virus as it searches for the perfect entry point, surfing along the membrane.

      

      
        The solar mission that survived disaster and found 5,000 comets
        For thirty years, SOHO has watched the Sun from a stable perch in space, revealing the inner workings of our star and surviving crises that nearly ended the mission. Its long-term observations uncovered a single global plasma conveyor belt inside the Sun, detailed how solar brightness subtly shifts over the solar cycle, and turned SOHO into an unexpected comet-hunting champion with more than 5,000 discoveries.

      

      
        Early Earth's sky may have created the first ingredients for life
        Researchers recreated conditions from billions of years ago and found that Earth's young atmosphere could make key molecules linked to life. These sulfur-rich compounds, including certain amino acids, may have formed naturally in the sky. The results suggest early Earth wasn't starting from zero but may have already been stocked with essential ingredients.

      

      
        Doomed ants send a final scent to save their colony
        Ant pupae that are fatally sick don't hide their condition; instead, they release a special scent that warns the rest of the colony. This signal prompts worker ants to open the pupae's cocoons and disinfect them with formic acid, stopping the infection before it can spread. Although the treatment kills the sick pupa, it protects the colony and helps ensure its long-term survival. Researchers found that only pupae too sick to recover send this scent, showing just how finely tuned the colony's earl...

      

      
        Scientists reveal what really drives the "freshman 15"
        College life creates a perfect storm for overeating, as students consume more calories when surrounded by friends, eating in dining halls, or following unstructured schedules. A four-week study using a mobile app revealed that students often underestimate how much they eat, especially in social or formal dining settings. Emotional influences, gender differences, and environmental cues all contribute to this subtle but consistent rise in intake.

      

      
        Surprising optics breakthrough could transform our view of the Universe
        FROSTI is a new adaptive optics system that precisely corrects distortions in LIGO's mirrors caused by extreme laser power. By using custom thermal patterns, it preserves mirror shape without introducing noise, allowing detectors to operate at higher sensitivities. This leap enables future observatories like Cosmic Explorer to see deeper into the cosmos. The technology lays the groundwork for vastly expanding gravitational-wave astronomy.

      

      
        A tiny citrus pest is hiding a biological mystery never seen before
        Scientists have discovered a strange tubular structure inside Profftella, a symbiotic bacterium in the Asian citrus psyllid. These long, helical tubes, filled with ribosomes, show a complexity not typically found in bacteria. The discovery reshapes ideas about bacterial evolution and internal architecture. It may also help create targeted methods to control a major global citrus pest.

      

      
        A common constipation drug shows a surprising ability to protect kidneys
        A surprising link between constipation and kidney decline led researchers to test lubiprostone, revealing that it can protect kidney function. The results point toward gut-based, mitochondria-boosting therapies as a promising new avenue for CKD care.

      

      
        JWST finds a Milky Way twin born shockingly early in the Universe
        A surprisingly mature spiral galaxy named Alaknanda has been spotted just 1.5 billion years after the Big Bang--far earlier than astronomers believed such well-structured galaxies could form. With sweeping spiral arms, rapid star formation, and an orderly disk resembling our Milky Way, it defies long-held theories about how slowly galaxies should assemble. Thanks to JWST and gravitational lensing, researchers could examine the galaxy in remarkable detail, revealing that the early Universe was far ...

      

      
        Scientists discover why anacondas stayed giants for 12 million years
        Ancient anaconda fossils show that the snakes became giants soon after emerging in Miocene South America. Their size has stayed stable for over 12 million years, even though other huge reptiles went extinct. Surprisingly, warmer periods didn't make anacondas bigger--just more widespread. Today they remain large thanks to surviving patches of ideal wetland habitat.

      

      
        Gas stoves are filling millions of homes with hidden toxic air
        Stanford researchers found that gas stoves expose Americans to surprisingly high levels of nitrogen dioxide--often matching or exceeding outdoor pollution. For millions, cooking alone pushes NO2 over long-term safety thresholds. Smaller homes, renters, and rural households face the highest concentrations. Cleaner cooking technologies could substantially reduce the risks.

      

      
        A routine shingles shot may offer powerful defense against dementia
        A unique vaccine rollout in Wales gave researchers an accidental natural experiment that revealed a striking reduction in dementia among seniors who received the shingles vaccine. The protective effect held steady across multiple analyses and was even stronger in women. Evidence also suggests benefits for people who already have dementia, hinting at a therapeutic effect.

      

      
        A 70-year-old pregnancy drug just revealed a hidden weakness in brain cancer
        Researchers have solved the decades-old mystery behind how a common pregnancy drug lowers blood pressure. It turns out the medication blocks a fast-acting "oxygen alarm" inside cells. That same alarm helps brain tumors survive, meaning the drug unexpectedly weakens them, too. The discovery could inspire better treatments for both preeclampsia and brain cancer.

      

      
        Scientists discover first gene proven to directly cause mental illness
        Scientists have discovered that a single gene, GRIN2A, can directly cause mental illness--something previously thought to stem only from many genes acting together. People with certain variants of this gene often develop psychiatric symptoms much earlier than expected, sometimes in childhood instead of adulthood. Even more surprising, some individuals show only mental health symptoms, without the seizures or learning problems usually linked to GRIN2A.

      

      
        Dead stars aren't so dead after all: The hidden force inflating white dwarfs
        Some white dwarfs in rapid binary orbits are far hotter and larger than theory predicts. Researchers found that powerful tidal forces between them generate enough heat to inflate their sizes and change their orbital behavior. This leads the stars to interact much sooner than expected, potentially triggering dramatic cosmic events. The new model may offer clues about the origins of type Ia supernovae.

      

      
        Scientists boost lifespan by 70% in elderly male mice using simple drug combo
        Scientists found that combining oxytocin with an Alk5 inhibitor revitalized extremely old male mice, boosting their lifespan and strength. Female mice showed only short-term improvements, highlighting a major sex difference in aging biology. The therapy restored youthful protein patterns in blood and targeted key pathways that drive tissue decline. Because the components are already clinically accessible, this approach could move toward human testing.

      

      
        Monumental Roman basin hidden for 2,000 years unearthed near Rome
        Archaeologists excavating the ancient Roman city of Gabii have uncovered a massive stone-lined basin that may represent one of Rome's earliest monumental civic structures. Its central placement hints that early Romans were already experimenting with dramatic public spaces centuries before the iconic Forum took shape. The site's remarkable preservation--made possible because Gabii was abandoned early--offers an unprecedented look at how Romans adapted Greek architectural ideas into powerful symbols ...

      

      
        A long-overlooked weak point in your DNA has just been revealed
        Scientists discovered that the first 100 base pairs of human genes are unusually prone to mutations, especially during the earliest stages of embryonic development. These mosaic mutations often go undetected yet can still be passed on and cause disease. Large-scale genome analyses show that genes tied to cancer and brain function are particularly affected, with natural selection filtering out harmful variants. The study highlights the need to adjust genetic models and rethink how researchers iden...

      

      
        Is your gut being poisoned? Scientists reveal the hidden impact of everyday chemicals
        Researchers discovered that 168 common chemicals can disrupt the growth of beneficial gut bacteria, with some also promoting antibiotic resistance. Many of these substances--found in food, water, and household items--weren't previously suspected of affecting living organisms. A new machine learning model now predicts which chemicals may harm the microbiome. The findings suggest safety testing must expand to consider gut health.

      

      
        Fast depression relief? Nitrous oxide shows remarkable potential
        Nitrous oxide may offer quick, short-term relief for people with major depression, especially those who haven't responded to standard medications. The meta-analysis found rapid improvements after a single dose and more sustained benefits after repeated treatments. Side effects were generally mild and brief, though researchers stress the need for larger, longer-term studies.

      

      
        A tiny ocean worm just revealed a big secret about how eyes evolve
        Scientists found that adult bristleworm eyes grow continuously thanks to a rim of neural stem cells similar to those in vertebrate eyes. This growth is surprisingly regulated by environmental light via a vertebrate-like c-opsin. The discovery reveals deep evolutionary parallels between distant species and raises questions about how light shapes nervous systems beyond vision. It hints at hidden complexity in creatures long assumed to be simple.

      

      
        A hidden Antarctic shift unleashed the carbon that warmed the world
        As the last Ice Age waned and the Holocene dawned, deep-ocean circulation around Antarctica underwent dramatic shifts that helped release long-stored carbon back into the atmosphere. Deep-sea sediments show that ancient Antarctic waters once trapped vast amounts of carbon, only to release it during two major warming pulses at the end of the Ice Age. Understanding these shifts helps scientists predict how modern Antarctic melt may accelerate future climate change.

      

      
        New brain imaging breakthrough reveals clues to Parkinson's
        A high-speed "zap-and-freeze" method is giving scientists their clearest view yet of how brain cells send messages. By freezing tissue at the instant a signal fires, researchers revealed how synaptic vesicles behave in both mouse and human neurons. These insights could help explain why most Parkinson's cases emerge without inherited genetic changes. The technique may also point to promising new research paths for therapy development.

      

      
        Scientists reveal five big moments when your brain dramatically changes
        A large study of brain scans shows that our neural wiring evolves through five major stages from birth to late old age. These phases are separated by sudden turning points that mark big shifts in how the brain is organized. The most surprising discovery is that adolescent-style development lasts into our early thirties. The work helps explain changing abilities and risks at different points in life.

      

      
        Satellites spot rapid "Doomsday Glacier" collapse
        Two decades of satellite and GPS data show the Thwaites Eastern Ice Shelf slowly losing its grip on a crucial stabilizing point as fractures multiply and ice speeds up. Scientists warn this pattern could spread to other vulnerable Antarctic shelves.

      

      
        New research reveals the hidden organism behind Lake Erie's toxic blooms
        Dolichospermum, a type of cyanobacteria thriving in Lake Erie's warming waters, has been identified as the surprising culprit behind the lake's dangerous saxitoxins--some of the most potent natural neurotoxins known. Using advanced genome sequencing, researchers uncovered that only certain strains produce the toxin, and that warmer temperatures and low ammonium levels may tip the ecological balance in their favor.

      

      
        Ancient long snouted croc from Egypt rewrites evolution
        A newly identified crocodile relative from Egypt pushes back the origins of the marine-hunting dyrosaurids by millions of years. The fossil, Wadisuchus kassabi, shows a mix of primitive and advanced traits that mark a key evolutionary transition. Rare specimens of different ages reveal how these ancient predators developed. The find reinforces Africa as the center of early dyrosaurid evolution.

      

      
        Scientists discover hidden switch that helps cancer cells survive
        Researchers have found a small but powerful switch inside breast cancer cells that helps them survive stressful conditions. When this switch flips, the cells activate protective programs that make them tougher and faster-growing. The finding reveals how tumors use stress to their benefit. It may open up new possibilities for therapies.

      

      
        New study finds cancer-linked compounds in common foods
        Scientists have found that common foods can contain hidden contaminants formed during cooking or through environmental exposure. A new testing method called QuEChERS helps identify these chemicals more quickly and with greater ease. The research showed strong accuracy and high sensitivity across multiple food samples. This streamlined approach could improve food safety checks while reducing chemical waste.

      

      
        A lost Amazon world just reappeared in Bolivia
        Researchers exploring Bolivia's Great Tectonic Lakes discovered a landscape transformed over centuries by sophisticated engineering and diverse agricultural traditions. Excavations show how Indigenous societies adapted to dynamic wetlands through raised fields, canals, and mixed livelihoods. Today's local communities preserve this biocultural continuity, guiding research and conservation.

      

      
        Wild chimps consume more alcohol than anyone expected
        Chimpanzees naturally ingest surprising amounts of alcohol from ripe, fermenting fruit. Careful measurements show that their typical fruit diet can equal one to two human drinks each day. This supports the idea that alcohol exposure is not a modern human invention but an ancient primate habit. The work strengthens the "drunken monkey" hypothesis and opens new questions about how animals use ethanol cues in their environment.

      

      
        New 3D scan reveals a hidden network of moai carvers on Easter Island
        A high-resolution 3D model of Rano Raraku shows that the moai were created in many distinct carving zones. Instead of a top-down system, the statues appear to have been produced by separate family groups working independently while sharing techniques. Evidence of varied carving styles and multiple transport routes supports this decentralized picture. The results challenge old assumptions about how large-scale monument building worked on Rapa Nui.

      

      
        Scientists discover a hidden brain circuit that rewrites vision
        MIT scientists found that what we see is strongly influenced by how alert or active we are. Parts of the brain responsible for planning and control send specialized signals that either boost or quiet visual details. These areas seem to balance each other, sharpening important information while dimming distractions. The study shows vision is constantly being shaped by our internal state.

      

      
        Why some memories last a lifetime while others fade fast
        Scientists have uncovered a stepwise system that guides how the brain sorts and stabilizes lasting memories. By tracking brain activity during virtual reality learning tasks, researchers identified molecules that influence how long memories persist. Each molecule operates on a different timescale, forming a coordinated pattern of memory maintenance. The discoveries reshape how scientists understand memory formation.

      

      
        Scientists discover hidden wolf DNA in most dogs
        Researchers studying thousands of canine genomes discovered that wolf DNA is still present in most dog breeds. This ancient genetic influence shows up in traits like body size, behavior, and environmental resilience. Even dogs bred far from wolves, including tiny chihuahuas, carry detectable wolf ancestry. The findings highlight how deeply intertwined the histories of dogs and wolves really are.

      

      
        Scientists may have found dark matter after 100 years of searching
        Nearly a century after astronomers first proposed dark matter to explain the strange motions of galaxies, scientists may finally be catching a glimpse of it. A University of Tokyo researcher analyzing new data from NASA's Fermi Gamma-ray Space Telescope has detected a halo of high-energy gamma rays that closely matches what theories predict should be released when dark matter particles collide and annihilate. The energy levels, intensity patterns, and shape of this glow align strikingly well with...

      

      
        Scientists find coastal seas acidifying shockingly fast
        New findings show that some coastal regions will become far more acidic than scientists once thought, with upwelling systems pulling deep, CO2-rich waters to the surface and greatly intensifying acidification. Historic coral chemistry and advanced modeling reveal that these regions are acidifying much faster than expected from atmospheric CO2 alone, raising serious concerns for fisheries, marine ecosystems, and coastal economies.

      

      
        242-million-year-old mini predator changes lizard evolution
        A tiny 242-million-year-old fossil from Devon is shaking up scientists' assumptions about the earliest members of the lizard lineage. Instead of the expected skull hinges and palate teeth typical of modern lizards and snakes, this ancient creature shows a surprising mix of primitive and unusual traits--along with strikingly large, blade-like teeth. High-resolution synchrotron scans revealed details invisible to the naked eye, helping researchers name the new species Agriodontosaurus helsbypetrae a...

      

      
        Dinosaur mummy found with hooves and a hidden crest
        Scientists have reconstructed the most complete and lifelike profile of Edmontosaurus annectens thanks to an extraordinary preservation process called clay templating, in which a thin clay film captured the dinosaur's skin, scales, spikes, and even hooves in three dimensions. By combining newly excavated "mummies," advanced imaging, and artistic reconstruction, researchers revealed a tall crest, a single row of tail spikes, delicate pebble-like scales, and--most remarkably--the earliest known hoove...

      

      
        Fructose may quietly supercharge your inflammation
        Researchers found that fructose can prime immune cells to overreact to bacterial toxins. In healthy adults, fructose-sweetened drinks increased receptors that trigger inflammation. This heightened sensitivity may contribute to greater infection risk. The effects could be even more dangerous in people with metabolic diseases.

      

      
        Your skin has a built-in cancer defense and sunlight turns it off
        Scientists have uncovered how too much sunlight can flip a hidden switch inside skin cells that makes inflammation spiral out of control and increases the risk of cancer. Their research reveals that UV radiation breaks down a protective protein called YTHDF2, which normally prevents a small RNA signal from activating an immune sensor linked to dangerous inflammation. Once that protection is lost, a surprising chain reaction unfolds inside the cell, turning ordinary sun damage into a potential can...

      

      
        Scientists find a hidden obesity trigger in soybean oil
        Researchers at UC Riverside have uncovered why soybean oil, one of America's most widely consumed ingredients, drives significant weight gain--at least in mice. The findings point not to the oil itself but to the fat-derived molecules it produces inside the body, called oxylipins, which can trigger inflammation, alter liver function, and influence genes tied to metabolism.

      

      
        A backwards Bible map that changed the world
        Five hundred years ago, a Bible accidentally printed with a backwards map of the Holy Land sparked a revolution in how people imagined geography, borders, and even nationhood. Despite the blunder, the map reshaped the Bible into a Renaissance book and spread new ideas about territorial organization as literacy expanded. Over time, sacred geography evolved into political boundary-making, influencing not only early modern thought but modern attitudes about nation-states.

      

      
        RSV prevention in newborns could cut asthma risk
        Scientists found that RSV infection early in life can set the stage for childhood asthma, particularly in kids already genetically prone to allergies. The virus appears to skew the developing immune system toward exaggerated responses to everyday allergens. But when newborns were protected from RSV, asthma development was prevented. The results point to a powerful added benefit of RSV prevention tools now being rolled out globally.

      

      
        Repeated head impacts may quietly break the brain's cleanup system
        Researchers found that repeated head impacts can disrupt a key system that helps the brain wash away waste. In professional fighters, this system initially seems to work harder after trauma, then declines over time. MRI scans revealed that these changes may show up years before symptoms do. The work could help identify at-risk athletes earlier in their careers.
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3.3 billion-year-old crystals reveal a shockingly active early Earth | ScienceDaily
The Hadean Eon, which stretched from 4.6 to 4.0 billion years ago, represents one of the least understood periods in Earth's past. This era opened with the birth of the planet and was quickly followed by a dramatic collision with a Mars-sized object. The impact produced the Moon and left Earth's interior completely molten. A solid crust began forming around 4.5 billion years ago, although scientists have long debated what unfolded after that point.


						
For many years, researchers believed that Earth remained in a "stagnant lid" state until at least the end of the Hadean. According to this idea, the planet was capped by a stiff, unmoving outer shell while heat-driven convection took place deeper in the mantle. In this scenario, the early planet lacked subduction (the process in which crust sinks into the interior) and did not yet produce the continental crust seen in today's plate tectonic system.

A New Challenge to the Stagnant Lid Hypothesis

Now, scientists from the ERC Synergy Grant Project "Monitoring Earth Evolution through Time" (MEET) -- a collaboration between geochemists from Grenoble (France) and Madison (USA), and geodynamic modelers from GFZ Helmholtz Centre for Geosciences in Potsdam (Germany) -- are offering a different interpretation.

Ancient Crystals Reveal Evidence of Early Subduction

In a study published in Nature Communications, the MEET research team reports evidence that both subduction and continental crust formation were not only active during the Hadean but may have been more intense than previously assumed. The Grenoble group analyzed strontium isotopes and trace elements in melt inclusions trapped inside 3.3-billion-year-old olivine crystals, providing rare geochemical snapshots of early Earth. At the same time, the GFZ group applied advanced geodynamic models to understand how these geochemical patterns relate to ancient tectonic activity.

Their combined results point to a far livelier early Earth, suggesting that widespread subduction and the growth of continental crust may have begun several hundred million years earlier than earlier theories proposed.




Glossary of Key Terms

Hadean Eon: The earliest chapter of Earth's history (4.6 to 4.0 billion years ago), beginning with the planet's formation and characterized by extreme heat and frequent impacts.

Subduction: A tectonic process in which one piece of Earth's crust sinks beneath another and moves downward into the mantle.

Stagnant lid: A tectonic state where the planet's outer shell is rigid and unmoving, with very little surface recycling compared to modern plate tectonics.

Mantle convection: The slow, heat-driven movement of material within Earth's mantle that transports energy from the interior toward the surface.

Continental crust: The thick, buoyant type of crust that forms Earth's continents, distinct from the thinner oceanic crust.




Melt inclusions: Tiny pockets of trapped molten material found inside crystals, preserving chemical information about the environment in which the crystals formed.

Olivine crystals: Greenish mineral grains commonly found in Earth's mantle and volcanic rocks; they can preserve ancient geochemical clues.

Strontium isotopes: Different forms of the element strontium used by scientists to determine the origin and history of rocks and magmas.

Geodynamic simulations: Computer models that recreate how Earth's interior moves and evolves over time.

Crustal solidification: The process by which Earth's once-molten surface cooled and hardened into a solid crust.
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Astronomers find a planet orbiting at a wild angle no one can explain | ScienceDaily
To study the moments when the planet crossed over starspots, researchers relied on the multicolor MuSCAT3 and MuSCAT4 instruments installed on the Las Cumbres Observatory (LCO) 2-meter telescopes. During February and March 2024, they recorded three separate transits and clearly identified signals produced by the planet passing over these dark regions on the star. The way the signal changed with color offered valuable clues about the temperature of the starspots.


						
Analysis of the light curves showed that the starspots are approximately 200 K cooler than the surrounding stellar surface (3150 K) and cover about 15% of the visible area of the star. The three transit observations also displayed subtle differences in the shape of the spot-crossing features. Since these changes happened over a relatively short period, they are more consistent with the star rotating rather than the starspots themselves evolving.

Monitoring Brightness to Measure Stellar Rotation

To verify this idea, the team conducted an extended photometric monitoring program using LCO's network of 1-meter telescopes around the world. From December 2024 through March 2025, they tracked the star's brightness several times each night and identified regular, repeating variations. These measurements allowed them to determine, for the first time, that the star completes a full rotation in 11.05 days.

A Strongly Tilted Planetary System

The rotation period matched the shifts in starspot position seen in the transit data, allowing the researchers to piece together the three-dimensional layout of the system. Their analysis showed that the star's rotation axis and the planet's orbital axis differ by roughly 62deg, meaning TOI-3884 hosts a significantly tilted planetary orbit. Such extreme misalignments are usually linked to past interactions with massive planets or stellar companions -- yet none have been found here, making TOI-3884 an especially compelling system to study.

 Glossary of Key Terms

Transit: A transit occurs when a planet passes in front of its star from our point of view, causing a small dip in the star's brightness.




Spot-Crossing Signal: A change in the transit light curve that happens when a planet moves across a darker, cooler starspot on the star's surface.

Starspot: A relatively cool, dark region on a star, similar to sunspots on the Sun.

Light Curve: A graph showing how a star's brightness changes over time. Scientists study its shape to learn about planets, starspots, and stellar behavior.

MuSCAT3 and MuSCAT4: Specialized multicolor cameras designed to measure changes in starlight across different wavelengths to improve transit and starspot analysis.

Photometric Monitoring: Repeatedly measuring the brightness of a star to detect variations caused by rotation, starspots, or orbiting planets.

Stellar Rotation Period: The time it takes for a star to complete one full spin on its axis.




Orbital Axis: An imaginary line defining the orientation of a planet's orbit around its star.

Stellar Spin Axis: An imaginary line that describes the direction of a star's rotation.

Misalignment (Orbital Tilt): When the star's rotation axis and the planet's orbital axis do not line up. A large misalignment can provide clues about the system's past.

LCO (Las Cumbres Observatory): A global network of telescopes used for continuous sky monitoring and time-sensitive observations such as transits.
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A simple oxygen hack creates 7 new ceramic materials | ScienceDaily
Sometimes, having less oxygen truly makes a difference. By lowering oxygen levels during synthesis, a group of materials scientists at Penn State succeeded in creating seven previously unknown high-entropy oxides, or HEOs. These ceramics contain five or more metals and are being explored for uses in energy storage, electronic devices and protective coatings.


						
During the development of these materials, the team also outlined a broader framework for designing future materials. Their findings were published in Nature Communications.

"By carefully removing oxygen from the atmosphere of the tube furnace during synthesis, we stabilized two metals, iron and manganese, into the ceramics that would not otherwise stabilize in the ambient atmosphere," said corresponding and first author Saeed Almishal, a research professor at Penn State working with Jon-Paul Maria, the Dorothy Pate Enright Professor of Materials Science.

Early Breakthroughs and Machine Learning Discovery

Almishal first achieved stability in a material containing manganese and iron by adjusting oxygen levels in a composition he designated as J52. That sample included magnesium, cobalt, nickel, manganese and iron. After that initial success, he used newly developed machine learning capabilities that can rapidly evaluate thousands of possible formulations. With those tools, he identified six additional metal combinations capable of forming HEOs.

Working alongside undergraduate researchers who helped process, fabricate and characterize samples, Almishal produced solid ceramic pellets representing all seven new HEO compositions. These students were supported by the Department of Materials Science and Engineering and Penn State's Center for Nanoscale Science, a U.S. National Science Foundation-funded Materials Research Science and Engineering Center.

"In a single step, we stabilized all seven compositions that are possible given our current framework," Almishal said. "Although this was previously treated this as a complex problem in the field of HEOs, the solution was simple in the end. With a careful understanding of the fundamentals of material and ceramic synthesis science, and particularly the principles of thermodynamics, we found the answer."

How Oxygen Levels Shape the Materials




To stabilize these ceramics, manganese and iron atoms must remain in the 2+ oxidation state, forming what is known as a rock salt structure where each atom bonds with only two oxygen atoms. According to Almishal, this does not happen under typical oxygen-rich conditions. If synthesized in a normal atmosphere, manganese and iron would continue binding with oxygen and shift to a higher oxidation state, preventing the material from forming correctly. Reducing the oxygen in the tube furnace limits how many oxygen atoms are available, allowing the desired rock salt structure to form.

"The main rule we followed in synthesizing these materials is the role that oxygen plays in stabilizing such ceramic materials," Almishal said.

Confirming Structure and Planning Future Experiments

To verify that manganese and iron truly remained in the intended oxidation state, Almishal collaborated with researchers at Virginia Tech. Their team used an advanced imaging approach that examines how atoms absorb X-rays. By studying the resulting data, they could confirm the oxidation states of individual elements and demonstrate that the materials were stable.

The next stage of work will involve testing the magnetic properties of all seven new HEOs. The researchers also hope to use the same thermodynamic principles for oxygen control to stabilize other types of materials that are currently difficult to synthesize.

"This paper, which has already been accessed online thousands of times, seems to resonate with researchers because of its simplicity," Almishal said. "Although we focus on rock salt HEOs, our methods provide a broad adaptable framework for enabling uncharted, promising chemically disordered complex oxides."

Undergraduate Recognition and Research Collaboration




Because of his significant contributions in the lab, co-author and undergraduate materials science and engineering major Matthew Furst was invited to present the findings at the American Ceramic Society's (ACerS) Annual Meeting with Materials Science and Technology 2025, which took place Sept. 28 through Oct. 1 in Columbus, Ohio. This invitation is typically extended to faculty or senior graduate students.

"I am so grateful for the opportunities that I have had on this project and to be involved in every step of the research and publication process," Furst said. "Being able to present this material to a broad audience as an invited talk reflects my involvement and the excellent guidance I have received from my mentors. It means a lot to me to develop important communication skills as an undergraduate student, and I look forward to pushing myself further in the future!"

Team Members and Support

In addition to Almishal, Maria and Furst, the Penn State research team included undergraduate students Joseph Petruska and Dhiya Srikanth; graduate students Yueze Tan and Sai Venkata Gayathri Ayyagari; and Jacob Sivak, who recently earned a doctorate in chemistry with a materials science focus. Faculty collaborators included Nasim Alem, professor of materials science and engineering; Susan Sinnott, professor of materials science and engineering and of chemistry; and Long-Qing Chen, the Hamer Professor of Materials Science and Engineering, professor of engineering science and mechanics and of mathematics.

From Virginia Tech, the co-authors were Christina Rost, assistant professor of materials science and engineering, and graduate student Gerald Bejger.

The Penn State Center for Nanoscale Science, an U.S. National Science Foundation-funded Materials Research Science and Engineering Center, provided support for this research.
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Daily coffee may slow biological aging in mental illness | ScienceDaily
Drinking up to 3-4 cups of coffee a day may help slow the biological aging process in people living with severe mental illness. The research suggests this amount of coffee is linked to longer telomeres, which are indicators of cellular aging, and may provide the equivalent of 5 extra biological years compared with individuals who do not drink coffee, according to findings published in the open access journal BMJ Mental Health.


						
However, the study did not detect these potential benefits when coffee consumption exceeded this level. The 3-4 cup limit aligns with the daily maximum recommended by several major health agencies, including the NHS and the US Food and Drug Administration.

Telomeres, Mental Illness, and Why They Matter

Telomeres are located at the ends of chromosomes and function much like the plastic tips on shoelaces that prevent fraying. Although telomeres naturally shorten with age, the process appears to happen faster in people with major psychiatric conditions such as psychosis, schizophrenia, and bipolar disorder, the researchers note.

Because telomeres respond to environmental influences, including diet, the team explored whether moderate coffee intake might slow telomere shortening in individuals with serious mental health disorders. Coffee has been linked to various health benefits when consumed in moderation, making it a logical area for investigation.

Study Participants and Coffee Habits

The study examined 436 adults who were part of the Norwegian Thematically Organised Psychosis (TOP) study between 2007 and 2018. Of these participants, 259 had schizophrenia and 177 had affective disorders that included bipolar disorder and major depressive disorder with psychosis.




Participants reported their daily coffee intake and were placed into 4 groups: zero (44 people), 1-2 cups, 3-4 cups (110 people), and 5 or more cups. They were also asked about their smoking habits and how long they had smoked.

Those drinking 5 or more cups a day tended to be older than people who drank none or only 1-2 cups. Participants with schizophrenia also consumed more coffee on average than participants with affective disorders.

Smoking affects how quickly the body processes caffeine. Approximately three quarters of the group (77%; 337 people) were smokers, with an average smoking history of 9 years. Participants who drank 5 or more cups had smoked for significantly longer than those in the other categories.

Telomere Measurements and Key Findings

Researchers measured telomere length using white blood cells (leucocytes) from blood samples. The results showed notable differences among the four coffee intake groups, forming what the researchers describe as a J shaped curve.

Compared with participants who drank no coffee, those who consumed 3-4 cups each day had longer telomeres. This association did not appear in the group that drank 5 or more cups.




Participants consuming 4 cups a day had telomere lengths that aligned with a biological age roughly 5 years younger than non-coffee drinkers. This assessment accounted for age, sex, ethnicity, tobacco use, type of mental disorder, and current treatments.

Biological Explanations and Study Limitations

Because this was an observational study, the authors emphasize that it cannot establish a direct cause-and-effect relationship. They also note that they lacked details about several potentially important factors such as the type of coffee consumed, when it was consumed, the exact caffeine content, and whether participants drank other caffeinated beverages.

Even so, the researchers point to several possible explanations. Coffee contains potent antioxidant and anti-inflammatory compounds that may help protect cells from aging-related damage.

"Telomeres are highly sensitive to both oxidative stress and inflammation, further highlighting how coffee intake could help preserve cellular aging in a population whose pathophysiology may be predisposing them to an accelerated rate of aging," they explain.

Global Coffee Consumption and Safety Considerations

Coffee remains one of the most widely consumed beverages worldwide, with an estimated 10.56 billion kilos consumed globally in 2021-2.

Despite its potential advantages, the researchers caution that "consuming more than the daily recommended amount of coffee may also cause cellular damage and [telomere] shortening through the formation of reactive oxygen species," reiterating that international health authorities advise keeping daily caffeine intake at or below 400 mg/day (4 cups of coffee).
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Hornet-eating frog shows remarkable venom resistance | ScienceDaily
A frog with an unexpectedly strong resistance to venom has been identified, and it routinely eats hornets despite the insects' dangerous stingers. Researchers believe this species may become a useful model organism for exploring how animals develop tolerance to venom.


						
For many people, even glimpsing a hornet's stinger is enough to cause alarm. Yet certain animals, including some birds, spiders, and frogs, regularly prey on adult hornets. A hornet sting can trigger sharp pain, tissue damage, and serious systemic problems such as the destruction of red blood cells and cardiac dysfunction, any of which can be fatal. What has remained uncertain is whether hornet-eating animals actually withstand the venom or simply avoid being stung. According to Kobe University ecologist Shinji Sugiura, "Although stomach-content studies had shown that pond frogs sometimes eat hornets, no experimental work had ever examined how this occurs."

Testing Whether Frogs Endure Hornet Stings

To investigate whether pond frogs evade or tolerate these potentially lethal stings, Sugiura presented individual adult frogs with workers of three hornet species, Vespa simillima, V. analis, and V. mandarinia, in controlled laboratory trials. Each frog was tested only once and paired with hornets that matched its size, with larger frogs being paired with Asian giant hornet (V. mandarinia) workers.

As reported in the journal Ecosphere, Sugiura found clear evidence that adult pond frogs actively launched attacks on workers of all three hornet species. Even more striking, 93%, 87%, and 79% of the frogs succeeded in consuming V. simillima, V. analis, and V. mandarinia, respectively, despite being stung inside the mouth or even in the eyes. Sugiura notes that "While a mouse of similar size can die from a single sting, the frogs showed no noticeable harm even after being stung repeatedly. This extraordinary level of resistance to powerful venom makes the discovery both unique and exciting."

What Makes a Sting Painful or Lethal

Earlier research has shown that the pain caused by stinging insects does not always match the lethality of their venom. Some bees, wasps, and ants deliver extremely painful but non-lethal stings, while others inflict minimal pain despite possessing highly toxic venom. This suggests that the frogs in the study may have developed a dual resistance to both the painful and harmful effects of hornet venom, allowing them to successfully hunt and consume hornet workers.

Future Questions About Venom Tolerance

Sugiura explains that this finding raises major questions for future research. Scientists now hope to determine whether pond frogs possess physiological traits, such as physical barriers or specific proteins, that reduce the pain and toxicity of hornet venom, or whether hornet toxins are simply ineffective in amphibians that rarely attack hornet colonies. These frogs may therefore become important model organisms for studying how vertebrates develop resistance to venom and pain.

This research was funded by the Japan Society for the Promotion of Science KAKENHI (grants JP23K18027 and JP24K02099).
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Scientists capture flu viruses surfing into human cells in real time | ScienceDaily
Fever, aching limbs and a runny nose -- as winter returns, so too does the flu. The disease is triggered by influenza viruses, which enter our body through droplets and then infect vulnerable cells.


						
A research team from Switzerland and Japan has taken an exceptionally close look at how this virus behaves. Using a microscopy approach they created themselves, the scientists can zoom in on the outer surface of human cells in a Petri dish. This setup has enabled them to watch, live and in sharp detail, the moment an influenza virus penetrates a living cell.

Under the direction of Yohei Yamauchi, Professor of Molecular Medicine at ETH Zurich, the group discovered something unexpected. The cells do not simply sit idle while the influenza virus approaches. Instead, they appear to make an effort to seize it. "The infection of our body cells is like a dance between virus and cell," says Yamauchi.

Viral Surfing on the Cell Surface

Although cells gain nothing from being infected, the interaction looks active because the virus exploits a routine cellular uptake system that the cells cannot do without. This system normally brings essential substances such as hormones, cholesterol or iron into the cell.

To begin infection, an influenza virus attaches to specific molecules on the cell surface. The process resembles surfing on the membrane. The virus moves along the surface, latching onto one molecule after another, until it arrives at a site rich in these receptors. A spot with many receptors side by side provides the most efficient entry route.

When the cell's receptors detect that the virus has attached, the membrane begins forming a small indentation at that spot. A structural protein named clathrin shapes and supports this deepening pocket. As the pocket expands, it wraps around the virus and forms a vesicle. The cell then pulls this vesicle inward, where the coat dissolves and releases the virus.




Why Earlier Microscopy Fell Short

Previous attempts to study this crucial moment in infection relied on methods like electron microscopy, which require destroying the cells to obtain an image. As a result, they captured only single moments in time. Fluorescence microscopy, another common tool, offers live imaging but at low spatial resolution.

ViViD-AFM Sheds Light on Viral Entry

The new method, which merges atomic force microscopy (AFM) with fluorescence microscopy, is called virus-view dual confocal and AFM (ViViD-AFM). This combined approach makes it possible to track the fine-scale movements involved as the virus enters the cell.

With this tool, the researchers demonstrated that cells assist the virus at several stages of entry. They summon important clathrin proteins to the site where the virus is attached. The membrane at that point also pushes upward, almost as if trying to seize the virus. These wave-like motions intensify if the virus tries to drift away from the surface.

Implications for Antiviral Research

Because ViViD-AFM allows scientists to observe infection while it is happening, it offers a valuable way to test antiviral drug candidates directly in cell cultures. The team notes that the technique may also be applied to studying other viruses or even vaccines, giving researchers a real-time view of how these particles interact with cells.
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The solar mission that survived disaster and found 5,000 comets | ScienceDaily
On December 2, 1995, the ESA/NASA Solar and Heliospheric Observatory (SOHO) lifted off for what was originally planned as a two-year mission.


						
From a position 1.5 million km away from Earth, located between our planet and the Sun, SOHO has an uninterrupted view of the solar surface. Since launch, it has provided an almost unbroken record of solar activity spanning nearly three full 11-year solar cycles.

"It is testament to the ingenuity of our engineers, operators and scientists, and to international collaboration, that this mission has exceeded all expectations," says Prof. Carole Mundell, ESA Director of Science. "SOHO has overcome nail-biting challenges to become one of the longest-operating space missions of all time."

"The SOHO mission is a great example of the incredible partnerships between NASA and ESA," adds Nicky Fox, associate administrator, Science Mission Directorate at NASA Headquarters in Washington. "Congratulations to the NASA and ESA teams on an amazing thirty years working together."

Despite its achievements, SOHO's journey has not been smooth. About two-and-a-half years after launch, the spacecraft experienced a major malfunction that sent it into an uncontrolled spin and severed communications with Earth. For three months, an international team worked continuously to find the spacecraft and bring it back to life.

Another serious setback occurred in November and December 1998, when its stabilizing gyroscopes failed. Engineers quickly developed new software, and by February 1999, SOHO could operate without gyroscopes. This breakthrough allowed it to continue gathering data that would go on to reshape the field of solar science.

"SOHO pioneered new fields in solar science. It is a game-changer in the study of space weather, providing real-time monitoring of the Sun to forecast potentially dangerous solar storms heading towards Earth, and its legacy continues to guide future missions," says Daniel Muller, ESA Project Scientist for SOHO and Solar Orbiter.




"SOHO is still producing high-quality data on a daily basis, and with hundreds of papers being published every year, its scientific productivity remains very high."

Daniel's new paper 'SOHO's 30-year legacy of observing the Sun' was published in Nature Astronomy on December 2, 2025.

Here are five highlights from the last five years:

1. A single plasma conveyor belt

SOHO became a leading instrument in the development of helioseismology, which studies how sound waves move through the Sun in a way similar to how seismic waves reveal the interior of Earth. Early in the mission, SOHO captured the first images of plasma flows (electrically charged material) beneath the solar surface, giving scientists an unprecedented look inside the Sun.

Because SOHO has remained active for so long, researchers have been able to answer a long-standing question: plasma circulates in a single loop, or cell, within each hemisphere of the Sun, instead of in multiple cells as once believed.




The observations show that plasma takes roughly 22 years to complete this full circuit. It rises from regions near the equator toward the poles before sinking deep inside the Sun and moving back toward the equator. This timing matches the Sun's magnetic cycle and helps explain why sunspots, which are produced when strong magnetic fields break through the surface, tend to appear progressively closer to the equator as each solar cycle unfolds.

2. Does the Sun shine steadily?

Measuring the energy emitted by the Sun is essential for understanding how solar heating influences Earth's atmosphere and climate. SOHO's long-running record, paired with earlier datasets, now provides nearly fifty years of high-quality observations.

Scientists have found that the Sun's total energy output changes very little, varying by only about 0.06% over the solar cycle. However, its extreme ultraviolet radiation changes far more significantly, doubling between solar minimum and solar maximum. This form of radiation affects the chemistry and temperature in Earth's upper atmosphere, but it is not a direct cause of the long-term warming trend near the planet's surface.

3. Solar storm monitoring made law

SOHO has played such a pivotal role in the development of real-time space weather monitoring systems that it was signed into United States law in October 2020.

The 'Promoting Research and Observations of Space Weather to Improve the Forecasting of Tomorrow' (PROSWIFT) act specifically mentions SOHO's Large Angle and Spectrometric Coronagraph (LASCO) instrument.

LASCO is a coronagraph, a telescope with a disc masking the centre of view. By blocking out the direct light coming from the Sun, the instrument can see light from the surrounding atmosphere, called the corona. This allows us to see coronal mass ejections -- large eruptions of solar material and magnetic fields -- as they set off from the Sun, providing up to three days warning of potentially disruptive incoming space weather reaching Earth.

4. 5,000 comets -- and counting!

The telescope's prowess as a comet hunter was unplanned, but turned out to be an unexpected success. Thanks to the screening effect of SOHO's coronagraph, 'sungrazer' comets -- those that approach the Sun at very close distances -- also become visible.

Not all comets seen by SOHO are sungrazers. For example, it also beautifully captured Comet Tsuchinshan-ATLAS, also called the Great Comet of 2024, a non-periodic comet from the outer reaches of the Solar System.

SOHO discovered its 5,000th comet in March 2024, making it the most prolific comet-discoverer in history. Most of these have been found by citizen scientists worldwide through the Sungrazer Project. The observations have provided valuable data on the movement, composition and dust production of comets.

5. Enabling future discoveries

SOHO's longevity and accomplishments have influenced the design, goals, and collaborative approach of new solar observatories. It has also helped set standards for open data and international cooperation in solar research.

For example, the ESA-led Solar Orbiter mission is imaging the solar poles from higher latitude and flying much closer to the Sun, with many of its instruments being successors of SOHO's. Similarly, NASA's Solar Dynamics Observatory carries improved versions of SOHO's instruments to continue the legacy that SOHO began in areas of full-disc imaging and helioseismology. Moreover, SOHO frequently contributes to 'multipoint' measurements, providing essential context for Solar Orbiter and NASA's Parker Solar Probe as they fly along their own unique orbits around the Sun.

Even more recently, ESA's Proba-3 took to the skies to open up new views of the Sun's faint corona, while the Agency's upcoming Vigil mission will be the first to monitor the Sun from the 'side', detecting solar storms before they roll into SOHO's line-of-sight.

"SOHO is an all-round shining success, thanks to the dedication of the teams keeping this incredible machine flying," says Daniel. "Its science remains valuable and relevant, serving generations of scientists, and I'm certain that its legacy will continue to guide solar science for decades to come."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251203084928.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Early Earth's sky may have created the first ingredients for life | ScienceDaily
Earth's ancient sky may have played a larger role in the beginnings of life than scientists once believed.


						
According to a study published Dec. 1 in the Proceedings of the National Academy of Sciences, researchers from CU Boulder and their collaborators report that billions of years ago, the young planet's atmosphere may have been generating sulfur-based molecules that are known today as important components for life.

This discovery challenges the long-standing idea that these sulfur molecules formed only after life had already taken hold on Earth.

"Our study could help us understand the evolution of life at its earliest stages," said first author Nate Reed, a postdoctoral fellow at NASA who conducted the research while working in the Department of Chemistry and the Cooperative Institute for Research in Environmental Sciences (CIRES) at CU Boulder.

Sulfur's Importance and Why the Findings Matter

Sulfur, much like carbon, is a vital element found in every form of life, from bacteria to humans. It appears in certain amino acids, which serve as the basic building blocks of proteins.

Although sulfur was present in the early atmosphere, most scientists believed that organic sulfur molecules, such as amino acids, arose only after living organisms were already present and producing them.




Earlier attempts to simulate early Earth conditions often failed to generate meaningful amounts of sulfur biomolecules before life existed. When these molecules did appear, they formed only under unusual or highly specific conditions that were unlikely to have been common across the planet.

Because of this background, the scientific community reacted strongly when the James Webb Space Telescope detected dimethyl sulfide, a sulfur compound produced by marine algae on present-day Earth, in the atmosphere of an exoplanet called K2-18b. Many considered it a possible sign of life.

New Experiments Reveal Atmospheric Chemistry at Work

However, previous work by Reed and senior author Ellie Browne, a chemistry professor and CIRES fellow, showed that dimethyl sulfide could form naturally in the lab using only light and simple atmospheric gases. This indicated that the molecule might appear even on worlds without life.

In their latest experiment, Browne, Reed, and their team tested what Earth's early sky might have been capable of producing. They illuminated a mixture of methane, carbon dioxide, hydrogen sulfide, and nitrogen to recreate atmospheric conditions from before life emerged.

Working with sulfur is challenging, Browne noted. The element sticks to laboratory equipment, and in the atmosphere, sulfur-based molecules are present at extremely low levels compared to CO2 and nitrogen. "You have to have equipment that can measure incredibly tiny quantities of the products," she said.




Using a very sensitive mass spectrometer to identify and measure chemical compounds, the researchers discovered that their early Earth simulation produced a wide range of sulfur biomolecules. These included the amino acids cysteine and taurine, along with coenzyme M, which plays a key role in metabolism.

A Sky Capable of Supporting a Growing Ecosystem

The team then estimated how much cysteine an entire ancient atmosphere might generate. Their calculations suggested that early Earth's sky could have produced enough cysteine to support about one octillion (one followed by 27 zeros) cells. By comparison, modern Earth contains roughly one nonillion (one followed by 30 zeros) cells.

"While it's not as many as what's present now, that was still a lot of cysteine in an environment without life. It might be enough for a budding global ecosystem, where life is just getting started," Reed said.

The researchers propose that these atmospheric biomolecules may have fallen to the surface through rainfall, potentially delivering the chemistry needed to help life begin.

"Life probably required some very specialized conditions to get started, like near volcanoes or hydrothermal vents with complex chemistry," Browne said. "We used to think life had to start completely from scratch, but our results suggest some of these more complex molecules were already widespread under non-specialized conditions, which might have made it a little easier for life to get going."
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Doomed ants send a final scent to save their colony | ScienceDaily
Ant societies behave like tightly integrated "superorganisms," where thousands of individuals work together in a way that resembles the coordinated activity of cells in a body. Researchers at the Institute of Science and Technology Austria (ISTA) have found that terminally ill ant brood release a distinctive odor, similar to the way infected body cells send out distress signals. This scent acts as an early alert that helps the colony quickly detect and eliminate infections before they spread. The findings were published in Nature Communications.


						
In many social animals, individuals often hide signs of illness to avoid being pushed aside by the group. Ant pupae take a very different route. When facing an infection they cannot survive, they produce a chemical alarm that warns their nestmates of the danger they represent.

Worker Ants Respond to the Warning Signal

As soon as worker ants detect this signal, they move rapidly. They open the infected pupa's cocoon, create small cuts in its outer surface, and apply formic acid, a natural antimicrobial compound produced by the workers themselves. This treatment kills the pathogens growing inside the pupa but also results in the pupa's death.

"What appears to be self-sacrifice at first glance is, in fact, also beneficial to the signaler: it safeguards its nestmates, with whom it shares many genes. By warning the colony of their deadly infection, terminally ill ants help the colony remain healthy and produce daughter colonies, which indirectly pass on the signaler's genes to the next generation," explains Erika Dawson, first author of the study and former postdoc in the Social Immunity' research group headed by Sylvia Cremer at ISTA.

The research, conducted with chemical ecologist Thomas Schmitt from the University of Wurzburg in Germany, documents this form of altruistic disease signaling in social insects for the first time. Without such a warning system, a dying ant could become highly infectious and threaten the entire colony. By signaling their condition early, the incurably ill make it possible for the colony to remove the threat before it escalates.

Why Ant Colonies Rely on Extreme Cooperation

At the scale of the colony, ants function as a "superorganism," where different members take on roles essential for group survival. Queens focus on reproduction, while workers manage everything from feeding to nest maintenance and health care. This mirrors the division of labor in the human body, where reproductive cells generate offspring and other cells perform daily biological tasks.




Both organisms and superorganisms depend on the close cooperation of reproductive and non-reproductive components. In ants, this cooperation is so extensive that it includes behaviors that benefit the colony even at the cost of the individual, such as sacrificing fatally infected brood.

Why an Early-Warning Signal Is Needed

A natural question is why ants have evolved such a sophisticated alarm system if sick individuals can simply remove themselves. Cremer explains, "Adult ants that approach death leave the nest to die outside the colony. Similarly, workers that have been exposed to fungal spores practice social distancing." However, this option is unavailable to brood, which cannot move independently. Like infected cells in the body, they require outside help.

Developing pupae and body cells face similar challenges and use similar strategies. Both release chemical cues that draw either immune cells or worker ants to them, allowing these helpers to remove potential infection sources. Immunologists refer to this cue as the "find-me and eat-me signal."

"The signal must be both sensitive and specific," Cremer adds. "It should help to identify all terminally-sick ant pupae but be precise enough to avoid triggering the unpacking of healthy pupae or those capable of overcoming the infection with their own immune system." This raises the question of how such precision is achieved.

How Infection Changes the Pupal Scent

Schmitt, whose work focuses on chemical communication in social insects, notes that workers can target a single sick pupa among many. "This means the scent cannot simply diffuse through the nest chamber but must be directly associated with the diseased pupa. Accordingly, the signal does not consist of volatile compounds but instead is made up of non-volatile compounds on the pupal body surface."




Two components of the ants' natural scent profile become stronger when a pupa is fatally infected. To test whether this odor shift alone triggers the disinfection response, researchers transferred the altered scent to healthy pupae and monitored the workers' behavior.

"We extracted the smell from the signaling pupae and applied it to healthy brood," Cremer says. The results showed that the scent alone was enough to make workers unpack the treated pupae, demonstrating that the altered odor of terminally infected brood functions in the same way as the "find-me and eat-me" signal seen in infected body cells.

Why Only Certain Pupae Send the Warning

According to Dawson, not all brood send this alarm signal. "Queen pupae, which have stronger immune defenses than worker pupae and can limit the infection on their own, were not observed to emit this warning signal to the colony," she explains. Worker pupae, however, lacked this ability and did signal for help.

By signaling only when an infection cannot be controlled, brood ensure that the colony responds only to genuine threats. This prevents unnecessary loss of individuals that are still capable of recovery. Cremer concludes, "This precise coordination between the individual and colony level is what makes this altruistic disease signaling so effective."

Information on Animal Studies

To better understand fundamental biological processes, such as those in behavioral biology, immunology or genetics, research involving animals is essential. No other methods, including in silico approaches, can fully replace these studies. All animals used in the experiments are collected, reared, and handled according to strict legal regulations.
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Scientists reveal what really drives the "freshman 15" | ScienceDaily
Do not schedule eight AM classes. Communicate with your roommate. Wash your bedding regularly. New college students hear countless tips as they prepare for campus life. Among them, one warning appears again and again: the idea of the "freshman 15." Many people treat weight gain in the first year of college as almost unavoidable, but what makes it so widespread?


						
An interdisciplinary research group led by Y. Alicia Hong, a professor in the Department of Health Administration and Policy who specializes in mobile and wearable technology, investigated this question. The team found that the college setting naturally encourages behaviors that increase how much students eat, which can lead to steady weight gain.

"Social and environmental factors are key determinants of eating behavior. College students are affected by the eating environment, especially where they eat and whom they eat with. Our research found that they consume more calories when eating in groups or formal dining settings," said Alicia Hong.

How Group Settings and Campus Locations Influence Eating

During a four-week period, participating students used a mobile app to track their food choices, eating locations, and emotional states such as stress and mood. The app data showed clear patterns: students tended to consume more food when they were with at least one other person and when they ate in places like dining halls or restaurants. When students ate alone or at home, their overall intake was lower.

Misjudging Portions and the Role of Emotion

The findings also suggested that many college students are not fully aware of their actual eating habits. Their self-reported perceptions often did not match the caloric intake recorded through the app. Gender and emotional influences, including stress and mood fluctuations, added additional layers to the complexity of these behaviors.




"College students' eating behaviors are complex, with individual, interpersonal, and environmental factors interacting to influence dietary intake. This research underscores the importance of context in dietary intervention and incorporating digital tools for dietary assessment," said Hong.

Who Conducted the Study and Where It Was Published

The research team included Distinguished University Professor in the Department of Nutrition and Food Studies Larry Cheskin, Associate Professor in the Department of Health Administration and Policy Hong Xue, and MS Health Informatics graduate Jo-Vivian Yu.

The study, titled "The Dynamics of Eating Behaviors and Eating Environment in College Students: Discrepancies Between App-Tracked Dietary Intake and Self-Perceived Food Consumption," was published in mHealth. It was supported by the George Mason University College of Public Health Pilot Grant (PI: YAH).
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Surprising optics breakthrough could transform our view of the Universe | ScienceDaily
Gravitational-wave detectors may soon get a major performance boost, thanks to a new instrumentation advance led by physicist Jonathan Richardson of the University of California, Riverside. In a paper published in the journal Optica, Richardson and his colleagues describe FROSTI, a full-scale prototype that successfully controls laser wavefronts at extremely high power inside the Laser Interferometer Gravitational-Wave Observatory, or LIGO.


						
LIGO is an observatory that measures gravitational waves -- tiny ripples in spacetime created by massive accelerating objects such as colliding black holes. It was the first facility to directly detect these waves, providing strong support for Einstein's Theory of Relativity. Using two 4-km-long laser interferometers located in Washington and Louisiana, LIGO senses incredibly small disturbances, giving scientists a new way to study black holes, cosmology, and matter under extreme conditions.

LIGO relies on mirrors that are among the most carefully engineered components in modern science. Each mirror is 34 cm across, 20 cm thick, and weighs about 40 kg. To detect distortions in spacetime that are smaller than 1/1,000th the diameter of a proton, these mirrors must be held almost perfectly still. Even tiny vibrations or environmental noise can drown out the faint gravitational-wave signals that LIGO is trying to detect.

"At the heart of our innovation is a novel adaptive optics device designed to precisely reshape the surfaces of LIGO's main mirrors under laser powers exceeding 1 megawatt -- more than a billion times stronger than a typical laser pointer and nearly five times the power LIGO uses today," said Richardson, an assistant professor of physics and astronomy. "This technology opens a new pathway for the future of gravitational-wave astronomy. It's a crucial step toward enabling the next generation of detectors like Cosmic Explorer, which will see deeper into the universe than ever before."

FROSTI: precision thermal control for LIGO mirrors

FROSTI, short for FROnt Surface Type Irradiator, is a precision wavefront control system designed to cancel out distortions produced when intense laser light heats LIGO's optics. Existing systems can only make relatively coarse corrections, but FROSTI uses a more advanced thermal projection method to apply fine, higher-order adjustments to the mirror surfaces. This level of control is essential for the more demanding performance requirements of future detectors.

Despite its icy name, FROSTI operates by warming the surface of the mirror in a very controlled way that returns it to its ideal optical shape. By using thermal radiation, the system projects a carefully tailored heat pattern onto the mirror. This smooths out optical distortions while avoiding extra noise that could be mistaken for real gravitational-wave signals.




Why better optics matter for gravitational-wave astronomy

Gravitational waves were first detected by LIGO in 2015, marking the beginning of a new era in astronomy. To fully exploit this new way of observing the universe, however, upcoming detectors need to see more distant events and measure them with greater clarity.

"That means pushing the limits on both laser power and quantum-level precision," Richardson said. "The problem is, increasing laser power tends to destroy the delicate quantum states we rely on to improve signal clarity. Our new technology solves this tension by making sure the optics remain undistorted, even at megawatt power levels."

With this approach, the new technology is expected to expand the observable gravitational-wave universe by a factor of 10. That increase in reach could allow astronomers to detect millions of black hole and neutron star mergers across cosmic history, and to study them with unprecedented detail.

Looking Ahead: LIGO A# and Cosmic Explorer

FROSTI is expected to be a key component of LIGO A#, a planned upgrade that will act as a testbed for the next-generation observatory known as Cosmic Explorer. The current prototype has been demonstrated on a 40-kg LIGO mirror, but the same principles can be scaled up and adapted to the much larger 440-kg mirrors proposed for Cosmic Explorer.

"The current prototype is just the beginning," Richardson said. "We're already designing new versions capable of correcting even more complex optical distortions. This is the R&D foundation for the next 20 years of gravitational-wave astronomy."

Richardson conducted the research in collaboration with scientists at UCR, MIT, and Caltech.

The work was supported by a grant to Richardson from the National Science Foundation.
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A tiny citrus pest is hiding a biological mystery never seen before | ScienceDaily
A multinational group of scientists has identified a previously unknown tubular structure within Profftella, a symbiotic bacterium linked to a major pest that affects citrus crops around the world. The finding was made possible through advanced microscopy techniques and could influence future approaches to pest management as well as research on how complex biological features evolve.


						
A collaborative team from Pusan National University, the National Institute for Physiological Sciences, Kobe University, and Toyohashi University of Technology reported the discovery of this unusual tube-like structure within Candidatus Profftella armatura, which lives inside the Asian citrus psyllid (Diaphorina citri). Their results appear in Npj Imaging.

Advanced Imaging Reveals Large Helical Tubes in Profftella

The Asian citrus psyllid is an important agricultural threat responsible for severe citrus crop losses worldwide, ultimately affecting both yield and market prices. The insect carries Profftella, a symbiotic bacterium that is passed from parent to offspring and plays a key role in the insect's survival. Profftella is also known for producing toxic compounds that help the psyllid defend itself from predators.

Using 3D electron microscopy, researchers observed that Profftella cells are extremely elongated, reaching lengths of more than 100 micrometers. Inside these stretched cells, the team identified multiple long tubular structures, each spanning tens of micrometers. The tubes measure about 230 nm in diameter and are made of 5 to 6 right-handed helical fibers that twist together. They consistently occupy a substantial part of each Profftella cell. Assistant Professor Chihong Song of Pusan National University, the study's first author, noted, "Typically, bacteria lack such complex organelles. Moreover, I was surprised to find that this tube is so stable and robust that it maintains its shape during high-vacuum electron microscopy observation without chemical fixation or embedding."

Tubules Packed With Ribosomes Suggest New Biological Functions

Follow-up studies using additional methods, including optical microscopy, revealed that the interior of these tubes contains many ribosomes, the structures responsible for protein production. Associate Professor Atsushi Nakabachi of Toyohashi University of Technology, a corresponding author of the work, explained, "Based on this, the tubes may be involved in protein synthesis. Given their sturdiness, they could also provide physical support to the elongated Profftella cells, and maybe even act like a scaffold for material transport -- kind of like the cytoskeleton in eukaryotic cells."

Implications for Bacterial Evolution and Citrus Pest Control

The researchers highlight that this tubular structure represents an exceptionally rare example of an organelle within bacteria. Its discovery challenges long-standing assumptions that bacteria are inherently simple and lack such internal complexity. The finding offers new clues into how cellular features may have evolved and could contribute to the development of targeted strategies to manage the Asian citrus psyllid, which is a serious concern for global agriculture.

This study received funding from the Japan Society for the Promotion of Science KAKENHI (grant numbers 21687020, 26292174, 20H02998 and 25K02023 to AN), the Collaborative Study by High Voltage Electron Microscopy Program (2015-502, 2016-502) of National Institute for Physiological Sciences to AN, and a National Research Foundation of Korea (NRF) grant RS-2024-00440289 to CS.
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A common constipation drug shows a surprising ability to protect kidneys | ScienceDaily
Chronic kidney disease (CKD) affects people across the globe and often progresses to the point where patients rely on routine dialysis to survive. Although the condition is widespread and serious, there are still no approved medications that can actively restore kidney function. A team led by Professor Takaaki Abe at the Tohoku University Graduate School of Medicine has uncovered an unexpected approach by repurposing a constipation medication. Their work marks the first time that this drug (lubiprostone) has been shown to slow the loss of kidney function in people with CKD.


						
"We noticed that constipation is a symptom that often accompanies CKD, and decided to investigate this link further," explains Abe. "Essentially, constipation disrupts the intestinal microbiota, which worsens kidney function. Working backwards, we hypothesized that we could improve kidney function by treating constipation."

Clinical Trial Shows Lubiprostone Helps Preserve Kidney Function

To test this idea, the research team organized a multicenter Phase II clinical study (LUBI-CKD TRIAL) across nine medical facilities in Japan. The trial enrolled 150 individuals with moderate CKD and examined how lubiprostone affected kidney health. When compared with participants who received a placebo, those given 8 mg or 16 mg of lubiprostone experienced a slower decline in kidney function. This finding was based on changes in the estimated glomerular filtration rate (eGFR), a standard measure used to evaluate kidney performance.

The scientists also explored why the drug had this protective effect. They determined that lubiprostone boosts the production of spermidine, a compound that enhances mitochondrial activity by encouraging the growth of beneficial gut bacteria. Improved mitochondrial function was linked to a renoprotective effect that helped limit additional kidney damage.

Next Steps and Potential for Personalized CKD Treatment

The team plans to expand their investigation through a Phase 3 clinical trial involving a larger group of participants. They also aim to identify biomarkers that could help predict which patients are most likely to benefit. Their long-term objective is to tailor treatment strategies to each person with CKD. This approach represents a significant shift from current CKD therapies, which focus mainly on lowering uremic toxins.

Overall, the findings indicate that certain laxatives may help slow the progression of kidney deterioration. This concept could also open doors to new treatments for conditions involving mitochondrial dysfunction. Details of the study were published in the scientific journal Science Advances.
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JWST finds a Milky Way twin born shockingly early in the Universe | ScienceDaily
Astronomers have identified a spiral galaxy that looks strikingly similar to the Milky Way in a period of the Universe when such organized systems were not expected to exist. Two researchers in India spotted this unusually developed galaxy only 1.5 billion years after the Big Bang, a timing that calls long-established ideas of galaxy growth into question.


						
NASA's James Webb Space Telescope (JWST), which can detect extremely faint and distant light, made the find possible. With its powerful infrared vision, researchers Rashi Jain and Yogesh Wadadekar observed a system that closely resembles the Milky Way, even though it formed when the Universe was roughly a tenth of its current age. They named the galaxy Alaknanda, inspired by a Himalayan river that is one of the twin headstreams of the Ganga alongside the Mandakini, a name that also happens to be the Hindi word for the Milky Way.

This work was conducted at the National Centre for Radio Astrophysics of the Tata Institute of Fundamental Research (NCRA-TIFR) in Pune, India, and the results appear in the European journal Astronomy & Astrophysics.

Why This Galaxy Should Not Exist So Early

Astronomers typically expect early galaxies to look chaotic and irregular rather than structured and stable. Classic spiral galaxies with two well-shaped arms (known as a 'grand-design' spiral) are thought to require several billion years to fully develop. Forming such a galaxy involves slow, steady gas accretion, the settling of that gas into a rotating disk, and the emergence of density waves that sculpt spiral arms. On top of that, the system must avoid major collisions that could disrupt or destroy its delicate structure.

Alaknanda does not fit this pattern at all. It already displays two prominent, sweeping arms that encircle a bright central bulge, stretching across about 30,000 light-years. It is also forming stars at an exceptional pace, creating the equivalent mass of about 60 Suns each year. That rate is about 20 times faster than the Milky Way today. Roughly half of the stars in Alaknanda seem to have formed within only 200 million years, which is extremely rapid on cosmic timescales.

"Alaknanda has the structural maturity we associate with galaxies that are billions of years older," says Rashi Jain. "Finding such a well-organized spiral disk at this epoch tells us that the physical processes driving galaxy formation -- gas accretion, disk settling, and possibly the development of spiral density waves -- can operate far more efficiently than current models predict. It's forcing us to rethink our theoretical framework."

How Gravitational Lensing Helped Reveal Alaknanda




Alaknanda appears in the direction of a massive galaxy cluster known as Abell 2744, or Pandora's Cluster. The cluster's gravity bends and amplifies the light from galaxies behind it, an effect called gravitational lensing. This natural magnification made Alaknanda appear about twice as bright, giving JWST a clearer view of its spiral structure.

To study the galaxy in depth, Jain and Wadadekar examined JWST images taken through up to 21 different filters, each capturing a separate slice of its light. These observations, part of JWST's UNCOVER and MegaScience surveys, allowed the researchers to determine the galaxy's distance, the amount of dust it contains, how many stars it has formed, and how its star formation rate has changed over time with unusual precision.

A Universe That Grew Up Faster Than Expected

JWST has already revealed several surprisingly mature disk galaxies at great distances, but Alaknanda stands out as one of the clearest early examples of a classic grand-design spiral (a galaxy with two well-defined, symmetric arms). Its existence adds to growing evidence that the early Universe was far more advanced than scientists once thought.

"Alaknanda reveals that the early Universe was capable of far more rapid galaxy assembly than we anticipated," says Yogesh Wadadekar. "Somehow, this galaxy managed to pull together ten billion solar masses of stars and organize them into a beautiful spiral disk in just a few hundred million years. That's extraordinarily fast by cosmic standards, and it compels astronomers to rethink how galaxies form."

Researchers now want to understand what created Alaknanda's spiral arms. One idea is that steady inflows of cold gas allowed density waves to naturally shape the arms. Another possibility is that a smaller companion galaxy passed close enough to trigger the spiral pattern, although such tidal spirals usually fade quickly. Follow-up observations using JWST's spectroscopic instruments or the Atacama Large Millimeter Array (ALMA) in Chile could reveal whether the disk rotates smoothly (dynamically "cold") or shows signs of turbulence (dynamically "hot"), providing clues to its formation.




What This Discovery Means for Understanding Cosmic History

Alaknanda is more than an impressive image from the distant past. Its presence forces astronomers to reevaluate the timeline of cosmic evolution, including how stars, galaxies, and ultimately planets such as Earth came into existence. If galaxies could organize themselves this quickly, then the early Universe was a far more active and productive environment than previously assumed, potentially allowing planetary systems to emerge earlier than expected.

As JWST continues to push deeper into space and time, more galaxies like Alaknanda are likely to be found, each offering new insight into how rapidly the early Universe built complex structures.

The existence of Alaknanda strengthens the case that the young Universe was capable of forming stable, disk-dominated systems much earlier than scientists believed, making it one of the most distant grand-design spiral galaxies ever identified.
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Scientists discover why anacondas stayed giants for 12 million years | ScienceDaily
A research group led by the University of Cambridge examined giant anaconda fossils found in South America and determined that these snakes reached their full body size about 12.4 million years ago. According to their analysis, anacondas have remained exceptionally large ever since.


						
During the period from 12.4 to 5.3 million years ago, known as the 'Middle to Upper Miocene', many animals grew far larger than their modern counterparts. This increase in size was influenced by higher global temperatures, widespread wetlands and abundant sources of food.

While several of these Miocene giants -- including the 12-meter caiman (Purussaurus) and the 3.2-meter giant freshwater turtle (Stupendemys) -- eventually disappeared, anacondas (Eunectes) persisted as a large-bodied lineage rather than shrinking or dying out.

Measuring Fossils to Reveal Ancient Snake Size

Modern anacondas are among the heaviest and longest snakes in existence. They generally grow to four or five meters, and in rare cases can reach seven meters.

To compare ancient and modern sizes, the researchers examined 183 fossilized backbone segments belonging to at least 32 individual anacondas. These fossils were uncovered in Falcon State in Venezuela. When the team combined these measurements with fossil data from other South American sites, they concluded that ancient anacondas measured roughly four to five metres, a size comparable to today's snakes.

The findings were published on December 1 in the Journal of Vertebrate Paleontology.




Why Anacondas Survived as Giants

"Other species like giant crocodiles and giant turtles have gone extinct since the Miocene, probably due to cooling global temperatures and shrinking habitats, but the giant anacondas have survived -- they are super-resilient," said Andres Alfonso-Rojas, a PhD student and Gates Cambridge Scholar in the Department of Zoology at the University of Cambridge and the study's lead author.

He continued: "By measuring the fossils we found that anacondas evolved a large body size shortly after they appeared in tropical South America around 12.4 million years ago, and their size hasn't changed since," said Alfonso-Rojas.

To confirm his measurements, Alfonso-Rojas applied a second technique called 'ancestral state reconstruction'. This method uses a family tree of snakes to infer the body lengths of ancient anacondas and related modern species such as tree boas and rainbow boas. The analysis supported the conclusion that early anacondas averaged four to five meters when they first emerged during the Miocene.

Ancient Habitats and Modern Survivors

Anacondas currently live in wetlands, marshes and major rivers including the Amazon. During the Miocene, northern South America looked much like today's Amazon Basin, which allowed anacondas to occupy a far wider range. Although their distribution has since contracted, enough suitable habitat remains, along with prey such as capybaras and fish, to support their continued large size.




Scientists previously assumed that ancient anacondas would have been even larger than modern ones because snakes are highly sensitive to temperature and the Miocene climate was warmer. Alfonso-Rojas addressed this directly: "This is a surprising result because we expected to find the ancient anacondas were seven or eight meters long. But we don't have any evidence of a larger snake from the Miocene when global temperatures were warmer."

Improved Fossil Evidence Sheds Light on Evolutionary Timing

Before this project, researchers lacked enough fossil material to determine exactly when anacondas developed their enormous size. Since these snakes have more than 300 vertebrae, the size of individual fossilized vertebrae offers a dependable way to estimate full body length.

The fossils analyzed in this study were gathered over several field seasons by collaborators at the University of Zurich and the Museo Paleontologico de Urumaco in Venezuela.
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Gas stoves are filling millions of homes with hidden toxic air | ScienceDaily
For many people in the United States, spending time indoors does not guarantee protection from harmful air pollution. A new study led by Stanford University and published Dec. 2 in PNAS Nexus reports that gas and propane stoves release significant amounts of nitrogen dioxide. This pollutant has been associated with asthma, obstructive pulmonary disease, preterm birth, diabetes, and lung cancer. According to the research, switching from gas to electric stoves lowers nitrogen dioxide exposure by more than one quarter nationwide and by about half for people who use their stoves most frequently. Earlier studies documented nitrogen dioxide from gas stoves, but this work is the first to examine both indoor and outdoor exposure across the entire country.


						
"We know that outdoor air pollution harms our health, but we assume our indoor air is safe." said study senior author Rob Jackson, the Michelle and Kevin Douglas Provostial Professor in Earth System Science at the Stanford Doerr School of Sustainability. "Our research shows that if you use a gas stove, you're often breathing as much nitrogen dioxide pollution indoors from your stove as you are from all outdoor sources combined."

Indoor pollution can be as dangerous as outdoor emissions

Outdoor air pollution contributes to hundreds of thousands of deaths in the U.S. each year and leads to millions of new cases of childhood asthma worldwide. Laws such as the U.S. Clean Air Act have helped reduce outdoor pollution, but indoor air remains largely unregulated even though it can pose similar risks. This new analysis is the first nationwide evaluation of how much nitrogen dioxide people encounter from both indoor and outdoor sources, including gas stoves, vehicle traffic, and electricity generation.

A 2024 investigation by the same research team found that gas stoves release nitrogen dioxide at unsafe levels that persist for hours after cooking ends.

Additional studies from several of the same authors have identified gas stoves as a source of benzene, a known carcinogen linked to leukemia and other blood disorders.

"It's time to redirect our focus to what's happening inside our homes, especially as families spend more time indoors," said study lead author Yannai Kashtan, an air quality scientist at PSE Healthy Energy who was a graduate student in Jackson's lab while conducting the research.




Mapping indoor and outdoor nitrogen dioxide exposure

To understand how people are exposed to nitrogen dioxide, the team combined indoor air measurements with outdoor pollution data, information on 133 million residential buildings, and statistics on household behavior. These data allowed researchers to determine where pollution originates and how it affects human health. The team also created national maps that show long-term and short-term nitrogen dioxide exposure by zip code for both indoor and outdoor environments.

For most people in the U.S., outdoor sources such as cars and trucks still account for the majority of nitrogen dioxide exposure. However, the maps showed that 22 million Americans, particularly those in smaller homes and in rural areas, experience nitrogen dioxide levels above recommended long-term limits from cooking with gas. In rural regions, stoves play a proportionally larger role in overall nitrogen dioxide exposure. Meanwhile, total exposure is highest in major cities, where outdoor nitrogen dioxide levels are already elevated and smaller living spaces allow stove emissions to accumulate more easily.

The study also found that the greatest short-term nitrogen dioxide spikes occur indoors and are directly caused by gas stove use. These sharp increases do not come from outdoor pollution but from concentrated bursts produced during cooking.

Who benefits most from cleaner cooking options

Efforts such as rebates and tax credits that promote electric stoves and other clean cooking technologies could significantly reduce harmful indoor pollution. These measures may have the greatest impact in smaller homes, rental properties where tenants cannot choose their appliances, and communities facing financial barriers to adopting electric stoves. Previous Stanford-led research showed that long-term NO2 exposure is 60 percent higher in American Indian and Alaska Native households and 20 percent higher in Black and Hispanic or Latino households compared to the national average. Many of these groups already face high outdoor nitrogen dioxide levels from vehicle exhaust and industrial activity.




"As we strive for cleaner air and healthier living, we should prioritize indoor air quality," Jackson said. "Switching to electric stoves is a positive step towards cleaner cooking and better health."

Jackson is also a senior fellow at the Stanford Woods Institute for the Environment and the Precourt Institute for Energy. 

Other coauthors of the study include Chenghao Wang of the University of Oklahoma; and Kari Nadeau of the Harvard T.H. Chan School of Public Health.

The study was funded by the Stanford Doerr School of Sustainability and its Department of Earth System Science, and Stanford's Knight-Hennessy Scholars Program.
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A routine shingles shot may offer powerful defense against dementia | ScienceDaily
An unusual vaccination rule in Wales has given scientists some of the clearest evidence so far that a vaccine might help protect against dementia. In a new study led by Stanford Medicine, researchers examined health records from older adults in Wales and found that people who received the shingles vaccine were 20% less likely to be diagnosed with dementia over the following seven years than those who did not receive the shot.


						
The results, published April 2 in Nature, support a growing idea that certain viruses that affect the nervous system may raise the chance of developing dementia. If these findings continue to hold up in future work, they suggest that a practical way to help prevent dementia could already exist.

A second analysis from the same team, published Dec. 2 in Cell, pointed to another potential benefit. In that study, the researchers reported that the vaccine might also help people who already have dementia by slowing how quickly the condition worsens.

Shingles virus, chicken pox and lifelong infection

Shingles is a viral disease that causes a painful, blistering rash. It is triggered by the same virus that leads to chicken pox -- varicella-zoster. When someone gets chicken pox, usually in childhood, the virus does not fully leave the body. Instead, it stays inactive inside nerve cells for life. In later years, especially in older adults or in people whose immune systems are weakened, this dormant virus can reactivate and cause shingles.

Dementia, brain changes and the viral hypothesis

Dementia currently affects more than 55 million people worldwide, and about 10 million new cases are diagnosed every year. For many years, most dementia research has centered on abnormal protein build-up in the brain, including plaques and tangles that are characteristic of Alzheimer's disease, the most common type of dementia. However, these efforts have not yet produced successful ways to prevent or halt the disease, so some scientists have turned their attention to other possible drivers, including infections by specific viruses that may damage the brain over time.




Earlier observational studies using health records had hinted that people who received the shingles vaccine were less likely to develop dementia. However, those studies had a serious limitation. People who choose to get vaccinated are often more health conscious in many ways that are hard to measure. They may eat differently, exercise more or engage with health care more regularly. Those lifestyle differences are known to influence dementia risk but are not recorded in medical databases.

"All these associational studies suffer from the basic problem that people who go get vaccinated have different health behaviors than those who don't," said Pascal Geldsetzer, MD, PhD, assistant professor of medicine and senior author of the new study. "In general, they're seen as not being solid enough evidence to make any recommendations on."

A rare natural experiment in Wales

About two years ago, Geldsetzer noticed an unusual opportunity in the way Wales had rolled out its shingles vaccination program. The setup functioned as what researchers call a "natural experiment," and it appeared to avoid much of the bias seen in earlier work. At that time, the country used a version of the shingles vaccine that contained a live-attenuated, or weakened, form of the virus.

The national program began on Sept. 1, 2013. Under the policy, anyone who was 79 years old on that date could receive the vaccine during the following year. (People who were 78 would become eligible the next year for one year, and so on.) People who were 80 or older on Sept. 1, 2013, were out of luck -- they would never become eligible for the vaccine.

Because eligibility depended only on age at a specific cut-off date, the difference between being just under or just over the age threshold had a major impact on who could get the shot. That allowed researchers to compare people who turned 80 shortly before Sept. 1, 2013, with those who turned 80 shortly after, and to see how being eligible for the vaccine changed long-term outcomes.




According to Geldsetzer, the detailed health records available in Wales made these circumstances about as close as possible to a randomized controlled trial without actually running one.

Comparing nearly identical groups

To take advantage of this setup, the team analyzed the health records of more than 280,000 older adults between 71 and 88 years old who did not have dementia at the beginning of the vaccination program. They then concentrated their analysis on people whose birthdays placed them just on either side of the eligibility line, comparing those who turned 80 in the week before Sept. 1 to those who turned 80 in the week after.

"We know that if you take a thousand people at random born in one week and a thousand people at random, born a week later, there shouldn't be anything different about them on average," Geldsetzer said. "They are similar to each other apart from this tiny difference in age."

The researchers reasoned that about the same share of people in both groups would have wanted the shingles shot. The crucial difference was that only the slightly younger group, those not yet 80 on Sept. 1, 2013, were permitted to receive it under the rules.

"What makes the study so powerful is that it's essentially like a randomized trial with a control group -- those a little bit too old to be eligible for the vaccine -- and an intervention group -- those just young enough to be eligible," Geldsetzer said.

Measuring protection against shingles and dementia

The team then tracked health outcomes for the next seven years, comparing people of similar ages who had been eligible or ineligible for the vaccine. By combining that information with actual vaccination rates, they could estimate the effect of receiving the shot. About half of the people who were eligible went on to be vaccinated, while almost none of those who were not eligible received it.

As expected, the vaccine lowered the rate of shingles over the seven-year follow-up by about 37% among those who were vaccinated, in line with clinical trial data. (The live-attenuated vaccine's effectiveness wanes over time.)

By 2020, when the individuals being studied were around 86 and 87 years old, one in eight had developed dementia. Among those who received the shingles shot, however, the likelihood of a dementia diagnosis was 20% lower compared with those who did not receive it.

"It was a really striking finding," Geldsetzer said. "This huge protective signal was there, any which way you looked at the data."

Ruling out other explanations

The researchers then searched for other factors that might explain the difference in dementia rates. They found that the two groups were extremely similar in all the characteristics they could measure. Education levels were the same for eligible and ineligible people. Those who were eligible for the shingles vaccine were not more likely to receive other vaccines or preventive therapies, and they were not less likely to have common illnesses such as diabetes, heart disease or cancer.

The only clear difference between the groups was the lower number of dementia diagnoses in those who had access to the shingles shot.

"Because of the unique way in which the vaccine was rolled out, bias in the analysis is much less likely than would usually be the case," Geldsetzer said.

Even so, the team tested the data in a variety of alternative ways, such as examining different age windows or focusing only on deaths that listed dementia as a cause. No matter how they sliced the information, the relationship between vaccination and lower dementia risk remained.

"The signal in our data was so strong, so clear and so persistent," he said.

Benefits from early decline to advanced dementia

The researchers next asked whether the apparent benefits of the vaccine were limited to preventing dementia, or whether they also extended to people who already showed signs of cognitive problems. Using the same natural experiment structure, they examined a broader range of outcomes, from mild cognitive changes to late-stage dementia.

Many cases of dementia are preceded by a period of mild cognitive impairment -- characterized by deficits in memory and cognitive skills that do not interfere with independent living, Geldsetzer said.

The team observed that people who had received the shingles vaccine were less likely to receive a diagnosis of mild cognitive impairment during a nine-year follow-up period than those who remained unvaccinated.

They also looked at people who already had dementia at the start of the Welsh vaccination program. In this group, the results were especially striking. Individuals with dementia who received the shingles shot were significantly less likely to die from dementia in the next nine years (as indicated on their death certificates) than those who did not receive the vaccine, suggesting that the disease may have progressed more slowly in the vaccinated group.

In total, nearly half of the 7,049 Welsh seniors who had dementia when the program began died from dementia during follow-up. Among those with dementia who received the vaccine, only about 30% died from dementia.

"The most exciting part is that this really suggests the shingles vaccine doesn't have only preventive, delaying benefits for dementia, but also therapeutic potential for those who already have dementia," Geldsetzer said.

Stronger effects in women raise new questions

Another notable pattern emerged when the researchers compared outcomes by sex. The protective effect of the shingles vaccine against dementia appeared to be much stronger in women than in men. Geldsetzer noted that this might reflect biological differences in immune responses or differences in how dementia develops in men and women. On average, women tend to develop higher antibody responses after vaccination, and shingles occurs more often in women than in men.

At this point, scientists still do not know exactly how the vaccine might be providing protection. It is not yet clear whether it works by broadly stimulating the immune system, by reducing how often the varicella-zoster virus reactivates, or through another pathway entirely.

It is also unknown whether a newer shingles vaccine, which uses only certain proteins from the virus and is more effective at preventing shingles, would have a similar or even stronger effect on dementia risk.

Global data and the push for a randomized trial

Geldsetzer hopes these findings will encourage more investment in this line of research.

"At least investing a subset of our resources into investigating these pathways could lead to breakthroughs in terms of treatment and prevention," he said.

Over the past two years, his team has checked health records from other countries, including England, Australia, New Zealand and Canada, where similar shingles vaccine rollouts took place. The results in those datasets have echoed what was seen in Wales. "We just keep seeing this strong protective signal for dementia in dataset after dataset," he said.

The next step that Geldsetzer is aiming for is a large randomized controlled trial, which would offer the most rigorous evidence on whether the vaccine truly causes the reduction in dementia. In such a study, participants would be randomly assigned to receive either the live-attenuated shingles vaccine or a placebo injection.

"It would be a very simple, pragmatic trial because we have a one-off intervention that we know is safe," he said.

Geldsetzer is seeking philanthropic support to fund this work, in part because the live-attenuated vaccine is now off-patent, even though it is the vaccine type for which he has gathered strong evidence from natural experiments.

He also pointed out that such a trial might show meaningful results relatively quickly. In the Wales data, when researchers plotted dementia rates for people who were eligible versus ineligible for the vaccine, the two curves began to move apart after about a year and a half.

A researcher from the Vienna University of Economics and Business also contributed to the work.

The study received funding from The Phil & Penny Knight Initiative for Brain Resilience, the Stanford Center for Digital Health, the National Institute on Aging (grant R01AG084535), the National Institute of Allergy and Infectious Diseases (grant DP2AI171011) and the Biohub, San Francisco.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251203004721.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A 70-year-old pregnancy drug just revealed a hidden weakness in brain cancer | ScienceDaily
Over the last 70 years, hydralazine has been an indispensable tool in medicine -- a front-line defense against life-threatening high blood pressure, especially during pregnancy. But despite its essential role, a fundamental mystery has persisted: no one knew its "mechanism of action" -- essentially how it works at a molecular level, which allows formproved efficacy, safety, and what it can treat.


						potential and could help in the design of safer, more effective drugs for both maternal health and brain cancer.
Over the last 70 years, hydralazine has been an indispensable tool in medicine -- a front-line defense against life-threatening high blood pressure, especially during pregnancy. But despite its essential role, a fundamental mystery has persisted: no one knew its "mechanism of action" -- essentially how it works at a molecular level, which allows formproved efficacy, safety, and what it can treat.

"Hydralazine is one of the earliest vasodilators ever developed, and it's still a first-line treatment for preeclampsia -- a hypertensive disorder that accounts for 5 to 15% of maternal deaths worldwide," says Kyosuke Shishikura, a physician-scientist at the University of Pennsylvania. "It came from a 'pre-target' era of drug discovery, when researchers relied on what they saw in patients first and only later tried to explain the biology behind it."

Now Shishikura, his postdoctoral advisor at Penn Megan Matthews, and collaborators have solved this long-standing puzzle.

In a paper published in Science Advances, they uncovered the method of action of hydralazine, and in doing so, revealed an unexpected biological link between hypertensive disorders and brain cancer. The findings highlight how long-established treatments can reveal new therapeutic potential and could help in the design of safer, more effective drugs for both maternal health and brain cancer.

"Preeclampsia has affected generations of women in my own family and continues to disproportionately impact Black mothers in the United States," Matthews says. "Understanding how hydralazine works at the molecular level offers a path toward safer, more selective treatments for pregnancy-related hypertension -- potentially improving outcomes for patients who are at greatest risk."

Hydralazine blocks an oxygen-sensing enzyme

The team found that hydralazine blocks an oxygen-sensing enzyme called 2-aminoethanethiol dioxygenase (ADO) -- a molecular switch that tells blood vessels when to tighten.




"ADO is like an alarm bell that rings the moment oxygen starts to fall," Matthews says. "Most systems in the body take time; they have to copy DNA, make RNA, and build new proteins. ADO skips all that. It flips a biochemical switch in seconds."

Hydralazine acts by binding to and blocking ADO, which means it effectively "mutes" that oxygen alarm. Once the enzyme was silenced, the signaling proteins it normally degrades -- called regulators of G-protein signaling (RGS) -- remained stable.

The buildup of RGS proteins, says Shishikura, tells the blood vessels to stop constricting, effectively overriding the "squeeze" signal. This reduces intracellular calcium levels, which he calls the "master regulator of vascular tension." As calcium levels fall, the smooth muscles in blood vessel walls relax, causing vasodilation and a drop in blood pressure.

From preeclampsia to brain cancer: A common target

Prior to this study, cancer researchers and clinicians had begun to suspect that ADO was important in glioblastoma, where tumors often have to survive in pockets of very low oxygen, Shishikura explains. Elevated levels of ADO and its metabolic products had been linked with more aggressive disease, suggesting that shutting this enzyme down could be a powerful strategy, but no one had a good inhibitor to test that idea.

To see if hydralazine was a contender, Shishikura worked closely with structural biochemists at the University of Texas, who used X-ray crystallography, a high-resolution imaging technique, to visualize hydralazine bound to ADO's metal center and , and with neuroscientists at the University of Florida, who tested the drug's effects in brain cancer cells.




They found that the ADO pathway that regulates vascular contraction also helps tumor cells survive in low-oxygen environments. Unlike chemotherapy, which aims to kill all cells outright, hydralazine disrupted that oxygen-sensing loop, triggering cellular "senescence," or a dormant, non-dividing state in glioblastoma cells, effectively pausing growth without triggering further inflammation or resistance.

Unlocking the potential for other life-saving treatments

Their findings highlight how long-established treatments can reveal new therapeutic potential and could help in the design of safer, more effective drugs for both maternal health and brain cancer.

They say the next step is to push the chemistry further building new ADO inhibitors that are more tissue specific and better at crossing, or exploiting weak points in, the blood-brain barrier so they hit tumor tissue hard while sparing the rest of the body.

Matthews is also working to continue engineering the next generation of medical solutions by revealing the mechanics of clinically tested, long-known treatments.

"It's rare that an old cardiovascular drug ends up teaching us something new about the brain," Matthews says, "but that's exactly what we're hoping to find more of -- unusual links that could spell new solutions."

Megan L. Matthews is an assistant professor in the Department of Chemistry in the School of Arts & Sciences at the University of Pennsylvania.

Kyosuke Shishikura is a postdoctoral researcher in the Matthews Group at Penn Arts & Sciences.

Other authors include Eric W. Barr, Zev A. Binder, Kelly Hicks, and Donald M. O'Rourke of the University of Pennsylvania; Ren-Ming Hu and Xie Wang of the Chinese Academy of Sciences Snehil R; Chilkamari of the Georgia Institute of Technology; Jiasong Li of Nanjing Agricultural University; Katelyn A. Bustin and William H. Parsons of Oberlin College; J. Martin Bollinger Jr. of the Pennsylvania State University; Mahaa Ayub of Thomas Jefferson University; Yiming Chen and Kirill A. Martemyanov of the University of Florida; Thomas P. Keeley of the University of Oxford; and Zongtao Lin of Washington University in St. Louis.

This work was supported by the National Institutes of Health (NIDA 1DP1DA051620, DA036596, and NCI R37CA285434); the National Science Foundation (CHE-2204225); the American Cancer Society (129784-IRG-16-188-38-IRG); the Charles E. Kaufman Foundation New Initiative Grant; the University Research Fund; the Astellas Foundation for Research on Metabolic Disorders; and the Herbert and Diane Bischoff Fund.
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Scientists discover first gene proven to directly cause mental illness | ScienceDaily
According to the World Health Organization (WHO), nearly one in seven people across the globe lived with a mental illness in 2021, with anxiety disorders and depression occurring most frequently. These conditions often stem from a mix of influences, and genetics play a major part in shaping a person's risk. Having a close family member with a mental illness remains one of the strongest known predictors. Until recently, research suggested that psychiatric disorders typically develop from the combined effects of many different genes.


						
"Our current findings indicate that GRIN2A is the first known gene that, on its own, can cause a mental illness. This distinguishes it from the polygenic causes of such disorders that have been assumed to date," says Professor Johannes Lemke, lead author of the study and Director of the Institute of Human Genetics at the University of Leipzig Medical Center.

Study Links GRIN2A Variants to Early-Onset Psychiatric Symptoms

In this investigation, researchers conducted a statistical analysis of data from 121 individuals who carried a genetic change in the GRIN2A gene. "We were able to show that certain variants of this gene are associated not only with schizophrenia but also with other mental illnesses. What is striking is that, in the context of a GRIN2A alteration, these disorders already appear in childhood or adolescence -- in contrast to the more typical manifestation in adulthood," says Professor Lemke. The research team also highlighted an unexpected finding: some participants showed only psychiatric symptoms, even though GRIN2A changes are usually linked to epilepsy or intellectual disability.

How GRIN2A Affects Brain Signaling and a Possible Treatment Approach

The GRIN2A gene helps regulate how active nerve cells are by influencing their electrical signaling. In this study, certain gene variants reduced the function of the NMDA receptor, a key component involved in communication between brain cells. Working with Dr. Steffen Syrbe, Professor at the Heidelberg Medical Faculty and pediatric neurologist at Heidelberg University Hospital, the team demonstrated that this reduced activity may be medically important. In an early treatment effort, patients experienced noticeable improvements in psychiatric symptoms after receiving L-serine -- a dietary supplement that activates the NMDA receptor.

Professors Johannes Lemke and Steffen Syrbe have collaborated for nearly 15 years in both clinical and research settings to better understand disorders involving the brain's glutamate receptor in children with neurological conditions. Over this period, Professor Lemke established an international registry containing the largest known group of GRIN2A patients worldwide, providing the foundation for the findings published in this study.
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Dead stars aren't so dead after all: The hidden force inflating white dwarfs | ScienceDaily
White dwarfs are the dense remnants left behind after a star stops producing energy through nuclear fusion, a stage our own sun will reach far in the future. These stellar remnants behave in unusual ways, since their internal structure makes them shrink as they gain mass, which is why they are known as degenerate stars.


						
White dwarfs frequently exist in binary systems, where two stars orbit each other. Most of these pairs are extremely old on galactic timescales and have cooled to temperatures near 4,000 degrees Kelvin. Recent observations, however, have uncovered a group of short period binaries in which the stars complete an orbit in less than an hour. These fast moving pairs do not match established predictions, since many appear to be roughly twice the expected size and have temperatures between 10,000 and 30,000 degrees Kelvin.

Investigating the Role of Tidal Heating

This unexpected behavior led a research team headed by Lucy Olivia McNeill of Kyoto University to examine the influence of tidal forces in these systems. Tides frequently distort objects that share close orbits, affecting how those orbits evolve over time.

"Tidal heating has had some success in explaining temperatures of Hot Jupiters and their orbital properties with their host stars. So we wondered: to what extent can tidal heating explain the temperatures of white dwarfs in short period binaries?" asks McNeill.

To explore this question, the researchers developed a theoretical model designed to estimate how much white dwarfs heat up in short period binaries. The model was built to be widely applicable, making it possible to estimate both the temperature history and the future orbital changes of white dwarfs in these systems.

Tidal Forces Reshape White Dwarf Evolution

The team's analysis showed that tidal interactions can play a major role in how these stars evolve. In particular, the gravitational pull from a smaller white dwarf can raise internal heat within a larger but less massive companion. This added heat causes the star to expand and pushes its surface temperature to at least 10,000 degrees Kelvin.




Because of this expansion, the researchers propose that white dwarfs are likely to be twice the size predicted by standard theory at the point where they begin exchanging material, a stage known as mass transfer. As a result, these short period pairs may start interacting at orbital periods that are three times longer than scientists previously believed.

"We expected tidal heating would increase the temperatures of these white dwarfs, but we were surprised to see how much the orbital period reduces for the oldest white dwarfs when their Roche lobes come into contact," says McNeill.

Implications for Stellar Explosions and Future Research

White dwarfs in extremely tight orbits will eventually interact and emit gravitational radiation. Systems of this kind are considered possible origins of type Ia supernovae and cataclysmic variables, two dramatic and scientifically important cosmic events.

Looking ahead, the team aims to apply their model to binary systems made of carbon-oxygen white dwarfs. Their goal is to better understand the potential pathways leading to type Ia explosions, especially whether realistic temperature predictions support the double degenerate (merger) scenario.
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Scientists boost lifespan by 70% in elderly male mice using simple drug combo | ScienceDaily

The work, led by first author Cameron Kato along with corresponding author and Aging-US Editorial Board Member Irina M. Conboy at the University of California, Berkeley, reveals that combining oxytocin with an Alk5 inhibitor (OT+A5i) greatly improved both lifespan and overall health in frail, elderly, male mice. Female mice did not experience the same long-lasting benefits, pointing to important biological differences in how each sex responds to anti-aging therapies.

"These findings establish the significant health-span extension capacity of OT+A5i and emphasize the differences in aging and in response to longevity therapeutics between the sexes."

How the Dual-Drug Strategy Works

The team used a two-part treatment designed to address major biological changes that occur with age. Oxytocin, a hormone known to support tissue repair and naturally decline over time, was paired with an Alk5 inhibitor that blocks the TGF-beta pathway. TGF-beta activity tends to increase in older tissues and is linked to inflammation and cellular damage. In this research, frail mice aged 25 months, which is roughly equivalent to 75 human years, received regular OT+A5i treatment.

Male mice treated with this combination lived more than 70% longer than untreated mice and showed marked improvements in agility, endurance, and memory. Hazard ratio analysis indicated that treated males were nearly three times less likely to die at any moment compared to untreated controls.

"Treatment of old frail male mice with OT+A5i resulted in a remarkable 73% life extension from that time, and a 14% increase in the overall median lifespan."

Sex Differences in Long-Term Benefits




The treatment also restored a more youthful pattern in circulating blood proteins by reducing "biological noise," a recognized indicator of aging. Although both males and females experienced short-term improvements, only the males maintained long-term gains in systemic protein balance after four months of continuous therapy. Female mice showed no major improvements in lifespan or sustained health measures, although middle-aged females did experience increased fertility.

These outcomes highlight how strongly sex-specific biology can influence the effectiveness of aging interventions. The exact reasons behind these differences are still unclear, yet the study establishes a useful model for understanding how therapies may work differently across sexes.

Potential Path to Human Application

Oxytocin already has FDA approval, and Alk5 inhibitors are being evaluated in clinical trials, which raises the possibility that this combined approach could eventually be adapted for humans. Based on the robust improvements seen in frail elderly male mice, OT+A5i may hold significant promise for enhancing late-life health and survival in the future.
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Monumental Roman basin hidden for 2,000 years unearthed near Rome | ScienceDaily
In the center of the ancient Roman city of Gabii, located about 11 miles east of modern Rome, a research team led by University of Missouri professor Marcello Mogetta has uncovered an extraordinary find: a huge stone-lined basin with portions cut directly into the natural bedrock.


						
Dating to around 250 B.C., and possibly earlier in some sections, the structure is believed to be one of the earliest known examples of large-scale Roman architecture outside of temples and defensive walls.

Mogetta, who chairs Mizzou's Department of Classics, Archaeology and Religion, explained that monumental construction served purposes beyond practical use. He noted that it also functioned as a strong form of political messaging.

"This discovery gives us a rare look at how the early Romans experimented with city planning," he said. "Its location -- at the center of the city near the main crossroads -- suggests it may have been a monumental pool that was part of the city's forum, or the heart of public life in Roman towns. Since archaeologists still don't fully know what the early Roman Forum truly looked like, Gabii provides an invaluable window into its development."

Connections to Earlier Excavations and Greek Influence

This new basin builds on the team's previous findings at Gabii. One earlier feature, known as the "Area F Building," is a terraced complex carved into the slope of the ancient volcanic crater around which the settlement formed.

Taken together, these discoveries indicate that early Roman builders drew significant inspiration from Greek architectural traditions. Greek cities featured paved civic spaces, dramatic terraces and grand gathering areas that communicated both cultural prestige and political power. Early Romans appear to have adapted many of these ideas for their own urban centers.




Why Gabii Matters for Understanding Early Rome

Gabii occupies a unique place in the study of Roman history. Mogetta explained that "while Rome's earliest layers were buried beneath centuries of later construction, Gabii -- a once-powerful neighbor and rival of Rome, first settled in the Early Iron Age -- was largely abandoned by 50 B.C. and later reoccupied on a much smaller scale." Because of this, he said, the ancient city's original layout and building foundations remain unusually intact, offering a clear view of early Roman urban life.

Italy's Ministry of Culture has designated the area as an archaeological park, now managed as part of the Musei e Parchi Archeologici di Praeneste e Gabii. This status has allowed teams of researchers, including the international Gabii Project, to systematically excavate and study the site. Mogetta became the director of this research group last year.

Next Steps in Excavation and Investigation

Supported by the General Directorate of Museums in Italy, the Gabii Project plans to continue excavating the basin and the surrounding stone-paved zone next summer. Researchers also intend to study a nearby "anomaly" detected through thermal imaging. Early indications suggest it could be a temple or another large civic structure.

"If it's a temple, it could help us explain some of the artifacts we've already found in the abandonment levels of the basin, such as intact vessels, lamps, perfume containers and cups inscribed with unusual markings," Mogetta said. "Some of these objects may have been deliberately placed there as religious offerings or discarded in connection with the ritual closing of the pool around 50 C.E. -- thus underscoring the crucial role played by water management in ancient cities."

The continuation of the Gabii Project aims to protect the site's heritage while allowing scholars and visitors to better understand its history.




Unanswered Questions About Early Roman Society

One major question researchers hope to address is whether civic areas were developed before religious buildings, or the other way around. The answer could shed light on whether political activities or spiritual practices held greater influence in shaping the earliest Roman monumental landscapes.

By gathering evidence from the basin and surrounding structures, Mogetta and his team aim to reconstruct the full story of Gabii, from its growth and height of power to its later decline. Their work also contributes to a broader understanding of early Roman architecture and how it helped shape the urban world that followed.
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A long-overlooked weak point in your DNA has just been revealed | ScienceDaily
Researchers have pinpointed specific areas of the human genome that are unusually susceptible to genetic changes. These altered segments can be inherited by future generations and have important implications for how scientists investigate genetics and disease.


						
The vulnerable regions sit at the beginning of genes, known as transcription start sites. These are the points where the cell begins copying DNA into RNA. According to a study published on November 26 in Nature Communications, the first 100 base pairs after this starting point experience mutations at a rate 35% higher than expected by chance.

"These sequences are extremely prone to mutations and rank among the most functionally important regions in the entire human genome, together with protein-coding sequences," explains Dr. Donate Weghorn, corresponding author of the study and researcher at the Centre for Genomic Regulation in Barcelona.

Early Development and Mosaic Mutations

The research team discovered that many of these extra mutations arise soon after conception during the earliest rounds of cell division in the embryo. These alterations, known as mosaic mutations, appear in only some cells rather than throughout the entire body. Because of this uneven distribution, the hotspot remained undetected for a long time.

A parent may carry mosaic mutations that contribute to disease without showing symptoms, since only a portion of their tissues contain the change. Despite the lack of symptoms, they can still pass these mutations through eggs or sperm. A child who inherits one of these mosaic mutations will have it present in every cell, which can lead to health problems.

Large-Scale Genome Analysis Reveals Mutation Patterns

To make this discovery, researchers examined transcription start sites across 150,000 genomes from the UK Biobank and 75,000 genomes from the Genome Aggregation Database (gnomAD). They then compared their findings with data from eleven family studies that provided detailed information about mosaic mutations.




Their analysis showed that many gene start sites across the genome accumulate more mutations than expected. When they looked more closely, they found that the highest concentration of these excess mutations occurred in the starting regions of genes involved in cancer, brain function and abnormal limb development.

The study suggests these mutations are likely harmful. The team observed a strong concentration of mutations near start sites when examining extremely rare variants, which tend to represent recent changes. That excess became smaller in older, more common variants, indicating that natural selection gradually removes these mutations. Families carrying such mutations, especially in genes linked to brain function or cancer, are less likely to pass them on. Over multiple generations, these mutations tend to disappear.

Why Mutational Models Need Adjustment

Avoiding false conclusions and finding missed clues

The findings highlight a potential source of error in mutational models. These tools estimate how many mutations should appear in a given part of the genome if nothing unusual is happening. Clinicians use that baseline to determine which mutations deserve further attention.

Because transcription start sites naturally accumulate more mutations than previously recognized, the expected baseline for these regions is higher than current models assume. This means geneticists will need to update their tools to avoid misinterpreting results.




"If a model doesn't know this region is naturally mutation-rich, it might expect, say, 10 mutations but observe 50. If the correct baseline is 80, then 50 means fewer than expected and is a sign harmful changes are being removed by natural selection. You would completely miss the importance of that gene," explains Dr. Weghorn.

These insights also affect genetic studies that search only for mutations that appear in a child but not in either parent. While this approach works for mutations present in every cell, it fails to capture mosaic mutations, which appear in a mix of tissues. As a result, some important contributors to disease may be overlooked.

"There is a blind spot in these studies. To get around this, one could look at the co-occurrence patterns of mutations to help detect the presence of mosaic mutations. Or look at the data again and revisit discarded mutations that occur near the transcription starts of genes most strongly affected by the hotspot," says Dr. Weghorn.

Why Gene Start Sites Are So Mutation-Prone

A new source of mutations

The study describes the transcription process as fast and chaotic. The cell's molecular machinery often pauses and resumes activity near the starting point, and sometimes begins copying in both directions. At the same time, temporary structures can form that leave segments of DNA exposed to potential damage.

According to the authors, these moments of instability make transcription start sites especially vulnerable during the rapid cell divisions that occur shortly after conception. Although cells can usually repair these issues, the pressure to grow quickly leads to some mutations being left behind like small scars on the genome.

The findings reveal an important missing element in the understanding of how mutations form. Known causes such as replication errors or ultraviolet damage have been documented for decades. "Finding a new source of mutations, particularly those affecting the human germline, doesn't happen often," concludes Dr. Weghorn.
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Is your gut being poisoned? Scientists reveal the hidden impact of everyday chemicals | ScienceDaily
A large laboratory investigation of human-made chemicals has revealed 168 substances that are harmful to bacteria normally found in a healthy human gut. These chemicals interfere with the growth of microbes considered essential for maintaining good health.


						
Many of the substances identified in the study are expected to enter the body through food, drinking water, or general environmental exposure, yet most were not previously believed to influence bacteria in any way.

As gut bacteria adapt to chemical pollutants, some appear to develop resistance to antibiotics such as ciprofloxacin. If the same process occurs inside the human gut, it could make certain infections more difficult to treat.

Testing Shows Common Pollutants Can Harm Beneficial Microbes

The research team, led by the University of Cambridge, examined how 1076 chemical contaminants affected 22 species of gut bacteria under laboratory conditions.

The substances found to disrupt microbial growth include pesticides such as herbicides and insecticides used on crops, as well as industrial chemicals present in flame retardants and plastics.

The gut microbiome contains an estimated 4,500 different types of bacteria that work together to support bodily functions. When this system becomes imbalanced, it can contribute to a wide range of health problems involving digestion, weight regulation, the immune system, and mental health.




Standard safety evaluations for chemicals do not account for effects on the gut microbiome because most chemicals are created to act on specific targets. For instance, insecticides are meant to affect insects, not humans or their resident microbes.

New Machine Learning Tool Predicts Chemical Risks to Gut Health

Using the data gathered in the study, the researchers developed a machine learning model to forecast whether industrial chemicals -- whether already in circulation or still being designed -- are likely to harm human gut bacteria.

Details of the study, along with the machine learning tool, appear in the journal Nature Microbiology.

Dr. Indra Roux of the University of Cambridge's MRC Toxicology Unit and first author of the study said: "We've found that many chemicals designed to act only on one type of target, say insects or fungi, also affect gut bacteria. We were surprised that some of these chemicals had such strong effects. For example, many industrial chemicals like flame retardants and plasticizers -- that we are regularly in contact with -- weren't thought to affect living organisms at all, but they do."

Professor Kiran Patil, senior author and member of the same research unit, said: "The real power of this large-scale study is that we now have the data to predict the effects of new chemicals, with the aim of moving to a future where new chemicals are safe by design."

Dr. Stephan Kamrad, also part of the research team, added: "Safety assessments of new chemicals for human use must ensure they are also safe for our gut bacteria, which could be exposed to the chemicals through our food and water."




Need for Real-World Chemical Exposure Data

There is still limited knowledge about how environmental chemicals directly influence the gut microbiome and human health. The team notes that our gut bacteria are likely coming into contact with many of the substances tested in the study, but the actual amounts reaching the gut are not yet known. Future research that tracks total chemical exposure across the body will be needed to determine the true level of risk.

Patil said: "Now we've started discovering these interactions in a laboratory setting it's important to start collecting more real-world chemical exposure data, to see if there are similar effects in our bodies."

In the meantime, the researchers recommend practical steps to reduce exposure to chemical pollutants, such as washing fruit and vegetables thoroughly before eating and avoiding the use of pesticides in home gardens.
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Fast depression relief? Nitrous oxide shows remarkable potential | ScienceDaily
Patients living with major depressive disorder, including those who have not improved with commonly prescribed antidepressants, may benefit from short-term nitrous oxide treatment, according to a large meta-analysis led by the University of Birmingham.


						
The paper, published in eBioMedicine on November 30, reviewed the strongest available clinical data to explore how clinically administered nitrous oxide (N2O) might provide fast-acting relief from depressive symptoms in adults with major depressive disorder (MDD) and treatment-resistant depression (TRD).

What treatment-resistant depression is and how common it can be

TRD is defined as depression that remains insufficiently controlled after a person has tried two different antidepressant medications. A previous study led by the same research team found that around 48% of patients in the UK gain only limited benefit from standard antidepressant treatments, highlighting a substantial unmet need.

Researchers from the University of Birmingham, the University of Oxford, and Birmingham and Solihull Mental Health NHS Foundation Trust evaluated seven clinical trials and four protocol papers conducted by research groups across the world. These studies examined the use of nitrous oxide, which is also widely used as a pain relief option in medical procedures, as a treatment for depressive disorders including MDD, TRD and bipolar depression.

Single sessions, repeated doses and how nitrous oxide may act in the brain

The analysis showed that a single session of inhaled clinical nitrous oxide at 50% concentration (in three of the trials) led to rapid and meaningful reductions in depressive symptoms within 24 hours. However, these improvements did not generally persist after one week. When patients received repeated treatments over several weeks, the benefits lasted longer, indicating that a course of multiple sessions, rather than a one-off dose, may be necessary to sustain clinical improvement.




Nitrous oxide is believed to act on glutamate receptors in a manner similar to ketamine, another rapid-acting antidepressant. This action on glutamate pathways may account for the relatively swift improvements in mood that are seen shortly after inhalation.

Kiranpreet Gill, a PhD researcher funded by the Medical Research Council at the University of Birmingham and first author of the study, said: "Depression is a debilitating illness, made even more so by the fact that antidepressants make no meaningful difference for almost half of all patients diagnosed with it. There is a growing body of research on repurposing treatments from other clinical domains to alleviate low mood. This study brings together the best possible evidence indicating that nitrous oxide has the potential to provide swift and clinically significant short-term improvements in patients with severe depression.

"Our analyses show that nitrous oxide could form part of a new generation of rapid-acting treatments for depression. Importantly, it provides a foundation for future trials to investigate repeated and carefully managed dosing strategies that can further determine how best to use this treatment in clinical practice for patients who don't respond to conventional interventions."

Strong short-term evidence, but more trials are needed

The meta-analysis reported robust evidence that nitrous oxide can improve mood over the short term after administration. At the same time, the relatively small number of clinical trials meant there were noticeable differences in how depressive symptoms were measured and reported, as well as in the timing of follow-up assessments. The authors note that further research is essential to identify the most effective dosing regimen, to fully understand the long-term safety of nitrous oxide, and to work out how best to incorporate it into existing treatment pathways.

Safety profile and side effects of nitrous oxide

The researchers also evaluated safety and side effects. Some participants experienced issues such as nausea, dizziness and headaches, but these problems were short lived and resolved without the need for medical treatment. Higher doses at 50% concentration were linked with a greater chance of these side effects occurring, yet none of the studies identified any immediate safety concerns. The team stressed that long-term safety must still be clarified through future studies that include longer follow-up periods.




Professor Steven Marwaha from the University of Birmingham, Honorary Consultant Psychiatrist at Birmingham and Solihull Mental Health Foundation Trust, and senior author of the study said: "This is a significant milestone in understanding the potential of nitrous oxide as an added treatment option for patients with depression who have been failed by current treatments. This population has often lost hope of recovery, making the results of this study particularly exciting. These findings highlight the urgent need for new treatments that can complement existing care pathways, and further evidence is needed to understand how this approach can best support people living with severe depression."

Expanding options for treatment-resistant depression in diverse communities

The study was carried out by researchers at the Mental Health Mission Midlands Translational Centre, which is led by the University of Birmingham and funded by the National Institute for Health and Care Research through the NIHR Oxford Biomedical Research Centre. The team is focused on improving treatment options for treatment-resistant depression in superdiverse and deprived communities. The Centre's goal is to speed up the development and rollout of innovative, evidence-based treatments that can both enhance outcomes and reduce inequalities in mental health care.

This work also connects with ongoing initiatives at the Birmingham Clinic for Advanced Mood Disorder Management (CALM), where advanced, evidence-based treatments such as ketamine and neuromodulation are already being provided for people living with severe or treatment-resistant depression.

Next steps: preparing the first NHS trial of nitrous oxide for depression

Building on this translational pathway that moves discoveries into real-world care, the team is now planning the first NHS trial in the UK to examine whether nitrous oxide can be offered safely and in an acceptable way as a treatment for major depression. The results of this upcoming trial will guide how nitrous oxide might be incorporated into NHS services and could broaden the range of innovative treatment choices available for patients who have not gained adequate relief from standard approaches.
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A tiny ocean worm just revealed a big secret about how eyes evolve | ScienceDaily
A research team from the University of Vienna and the Alfred Wegener Institute in Bremerhaven has uncovered how the eyes of adult marine bristleworms continue to increase in size throughout their entire lifespan. The work shows that this constant growth is powered by a ring of neural stem cells that resembles similar structures found in vertebrate eyes. These stem cells are also responsive to light in the environment. The study, published in Nature Communications, provides new perspectives on eye evolution and highlights how light can influence the adult nervous system, even in species often viewed as biologically simple.


						
People typically associate complex eyes with mammals, birds, or perhaps octopuses. However, marine annelid worms such as the bristleworm Platynereis dumerilii possess eyes with a camera-like design similar to those in vertebrates and cephalopods, and some species can see with surprising detail. Scientists have long wondered how these invertebrate eyes continue growing during adulthood. A collaborative team from the University of Vienna, the Alfred Wegener Institute in Bremerhaven, and the University of Oldenburg set out to investigate this question and uncovered findings that challenge traditional assumptions.

Parallel Evolution and Hidden Growth Zones

Camera-type eyes in both vertebrates and invertebrates are classic examples of parallel evolution, arising independently as comparable solutions to similar biological needs. To understand how such eyes keep developing after maturity, the researchers examined the adult eyes of Platynereis, a well-established model organism for studying photoreceptors and brain evolution.

Using single-cell RNA sequencing, first author Nadja Milivojev of the Department of Neurosciences and Developmental Biology, University of Vienna, identified molecular signatures associated with stem cells and charted their location and behavior in the worm retina. Her work revealed a distinct region along the rim of the retina that is densely filled with dividing neural stem cells whenever the adult eye is expanding. "It was remarkable to find dividing cells at the edge of the worm's retina -- the same place where some groups of vertebrates maintain their retinal stem cells for life-long eye growth," Milivojev says.

This region, known as the "ciliary marginal zone," is believed to support continuous eye growth, a pattern now also observed in the bristleworm retina. Senior author Florian Raible, University of Vienna, notes that in vertebrates such as fishes and amphibians, this region produces new retinal neurons while the organism continues to grow. He explains, "Remarkably, Nadja's work showed that bristleworm eyes can also add new photoreceptor cells and expand their size -- a trait that has not been well studied outside the vertebrate lineage."

Light-Responsive Mechanisms in Eye Development

The team also found that light in the worms' surroundings plays a direct role in regulating eye growth. Genetic and molecular analyses revealed that a light-sensitive protein called c-opsin is responsible for this effect. This molecule is also found in vertebrate rod and cone cells. Earlier research suggested that worm eyes relied on a different class of opsins, so the presence of a vertebrate-type c-opsin came as an unexpected discovery. Milivojev and colleagues determined that this molecule appears in early precursors of the worm's photoreceptor cells, indicating that it acts as a molecular switch connecting light exposure to stem cell activity. These results show that visual systems not only detect light but can also adjust their development in response to it.




Evolutionary Connections and New Questions

The findings address a long-standing gap in understanding how both vertebrate and invertebrate eyes continue growing and sustaining themselves. Showing that Platynereis eyes depend on a ring of neural stem cells brings researchers closer to uncovering universal principles that guide the evolution of sensory organs. The results also raise several new questions. Could other stem cell populations in the body react to environmental light? And how might artificial lighting interfere with these natural biological processes? The researchers hope that future studies exploring the worm's stem cell systems will help answer these questions, offering new insight into how the nervous system adapts and repairs itself. Senior author Kristin Tessmar-Raible (University of Vienna, Alfred Wegener Institute, University of Oldenburg) emphasizes that "basic research to uncover the unexpected is essential to understand the biological complexity of life and the possible consequences of anthropgenic impacts."

Summary
    	Researchers from the University of Vienna and the Alfred-Wegener Institute studied adult marine bristleworms, a valuable model for uncovering how eyes and brains develop and how light influences biology beyond vision.
    	The team found that the eyes of Platynereis dumerilii keep growing throughout the worm's entire life. This ongoing growth is powered by a ring of neural stem cells similar to the growth zone seen in certain vertebrates that continue expanding their eyes as adults.
    	Their work helps resolve a long-standing question about how camera-type eyes in both invertebrates and vertebrates grow and maintain themselves. The findings suggest that even across very different evolutionary paths, many animals rely on shared cellular strategies for growth and flexibility.
    	By showing that Platynereis eyes depend on this stem cell ring, the study brings scientists closer to identifying universal rules that shape the evolution of sensory organs.
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A hidden Antarctic shift unleashed the carbon that warmed the world | ScienceDaily
Around 12,000 years ago, the last Ice Age drew to a close. Global temperatures rose, the early Holocene began, and human communities gradually shifted toward more permanent settlements. A new study published in Nature Geoscience highlights how the Southern Ocean around Antarctica helped drive this major climate transition.


						
The research team, led by Dr. Huang Huang of the Laoshan Laboratory in Qingdao and including geochemist Dr. Marcus Gutjahr from GEOMAR, set out to reconstruct how far Antarctic Bottom Water (AABW) extended through the Southern Ocean over the past 32,000 years.

"We wanted to understand how the influence of Antarctic Bottom Water, the coldest and densest water mass in the global ocean, changed during the last deglaciation, and what role it played in the global carbon cycle," says Huang, who completed his PhD at GEOMAR in 2019 and now works as a scientist in Qingdao, China.

Sediment cores and chemical fingerprints in the deep sea

To tackle this question, the scientists examined nine sediment cores collected from the Atlantic and Indian sectors of the Southern Ocean. The cores came from water depths between about 2,200 and 5,000 meters and from locations spread widely across the region. By analyzing the isotopic composition of the trace metal neodymium preserved in the sediments, which reflects the chemistry of the surrounding seawater, they could reconstruct how Antarctic Bottom Water changed through time on the scale of tens of thousands of years.

"Dissolved neodymium and its isotopic fingerprint in seawater are excellent indicators of the origin of deep-water masses," explains Dr. Marcus Gutjahr. "In earlier studies, we noticed that the neodymium signature in the deep South Atlantic only reached its modern composition around 12,000 years ago. However, sediments from the last Ice Age showed values that are not found anywhere in the Southern Ocean today. Initially, we thought the method was flawed or that there was something wrong with the sediment core. But the real question was: What could generate such a signal? Such an exotic isotopic signature can only develop when deep water remains almost motionless for extended periods. In such circumstances, benthic fluxes -- chemical inputs from the seafloor -- dominate the isotopic imprint in marine sediments."

Stagnant deep waters, carbon storage and the last Ice Age

During the last Ice Age, the cold and very dense deep water that currently forms around Antarctica did not spread as widely as it does today. Instead, much of the deep Southern Ocean was filled with carbon-rich waters that originated in the Pacific, a glacial precursor to today's Circumpolar Deep Water (CDW). In the study, CDW is described as carbon-rich because it circulates in the deep ocean for long periods with limited contact with the surface. This isolation allowed large amounts of dissolved carbon to remain locked in the deep ocean, helping to keep atmospheric CO2 levels relatively low.




As Earth warmed and ice sheets retreated between roughly 18,000 and 10,000 years ago, the volume of Antarctic Bottom Water increased in two clear phases. These expansion phases occurred at the same time as known warming events in Antarctica. With more vertical mixing in the Southern Ocean, deep waters that had stored carbon for long periods were brought closer to the surface, allowing that carbon to escape into the atmosphere.

"The expansion of the AABW is linked to several processes," explains Gutjahr. "Warming around Antarctica reduced sea-ice cover, resulting in more meltwater entering the Southern Ocean. The Antarctic Bottom Water formed during this transitional climate period had a lower density due to reduced salinity. This late-glacial AABW was able to spread further through the Southern Ocean, destabilizing the existing water-mass structure and enhancing exchanges between deep and surface waters."

Previously, many scientists assumed that changes in the North Atlantic, particularly the formation of North Atlantic Deep Water (NADW), were the main drivers of shifts in deep-water circulation in the South Atlantic. The new results suggest that this northern influence was more restricted than earlier thought. Instead, the replacement of a glacial, carbon-rich deep-water mass by newly formed Antarctic Bottom Water appears to have been crucial for the rise in atmospheric CO2 toward the end of the last Ice Age.

Southern Ocean heat, Antarctic ice loss and today's climate

"Comparisons with the past are always imperfect," says Gutjahr, "but ultimately it comes down to how much energy is in the system. If we understand how the ocean responded to warming in the past, we can better grasp what is happening today as Antarctic ice shelves continue to melt."

Because of its vast size and unique circulation, the Southern Ocean plays a major role in controlling the global climate. Over the past 50 years, waters deeper than about 1,000 meters around Antarctica have warmed significantly faster than much of the rest of the world's oceans. To work out how this rapid deep-ocean warming affects the ability of the ocean to absorb and release carbon dioxide, scientists must track physical and biogeochemical changes over long timescales and incorporate them into climate models.

"I want to properly understand the modern ocean in order to interpret signals from the past," Gutjahr says. "If we can trace how Antarctic Bottom Water has changed over the last few thousand years, we can assess more accurately how rapidly the Antarctic Ice Sheet may continue to lose mass in the future."

Paleoclimate data obtained from sediment cores are indispensable for this, offering insights into past climates that were warmer than today and helping to improve projections of future climate change.
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New brain imaging breakthrough reveals clues to Parkinson's | ScienceDaily
Researchers at Johns Hopkins Medicine report that they have successfully used a "zap-and-freeze" method to capture rapid communication between brain cells in living tissue from both mice and humans. The approach allowed them to observe interactions that normally happen too quickly to track.


						
According to the team, the findings, published Nov. 24 in Neuron and supported by the National Institutes of Health, may help uncover the underlying biological causes of nonheritable forms of Parkinson's disease.

Sporadic Parkinson's cases represent the majority of diagnoses, the Parkinson's Foundation notes. These cases involve disruptions in the synapse, the tiny site where one neuron passes a signal to another. Because this junction is so small and its activity unfolds rapidly, it has long been challenging to study in detail, says Shigeki Watanabe, Ph.D., an associate professor of cell biology at Johns Hopkins Medicine and the senior author of the study.

"We hope this new technique of visualizing synaptic membrane dynamics in live brain tissue samples can help us understand similarities and differences in nonheritable and heritable forms of the condition," Watanabe says. He adds that the technique could eventually guide the development of therapies for this neurodegenerative disorder.

How Healthy Synapses Move Messages

In a healthy brain, synaptic vesicles act as tiny packages that carry chemical messages from one neuron to the next. This exchange is essential for learning, memory formation and the processing of information. Understanding how vesicles behave under normal conditions is key to identifying where communication begins to fail in neurological diseases, Watanabe says.

Watanabe previously helped design the zap-and-freeze approach to visualize fast changes in synaptic membranes (these results were published in 2020 in Nature Neuroscience). The method uses a brief electrical stimulus to activate brain tissue, followed immediately by rapid freezing. This preserves the exact positions of cellular structures for later viewing with electron microscopy.




In earlier work published in Nature Neuroscience this year, Watanabe applied the method to genetically engineered mice to investigate the role of a protein called intersectin. The study demonstrated how intersectin helps maintain synaptic vesicles in a specific location until they are ready to be released and activate a neighboring neuron.

Testing the Technique in Human Brain Tissue

For the latest study, the team examined samples from normal mice and compared them with living cortical brain tissue obtained, with permission, from six people undergoing epilepsy surgery at The Johns Hopkins Hospital. These surgeries were necessary to remove hippocampal lesions.

Collaborating with Jens Eilers and Kristina Lippmann of Leipzig University in Germany, the researchers first confirmed that zap-and-freeze worked reliably in mouse tissue by observing calcium signaling, which is the trigger that prompts neurons to release neurotransmitters.

They then used the technique to stimulate mouse neurons and captured the moment when synaptic vesicles fused with the cell membrane and released their chemical messengers. The researchers also documented how the cells retrieved and recycled vesicles afterward, a process known as endocytosis.

When the team applied zap-and-freeze to the human tissue samples, they found the same vesicle recycling steps occurring in human neurons.




Key Protein Found in Both Mouse and Human Brains

In both species, the researchers identified the presence of Dynamin1xA, a protein required for ultrafast synaptic membrane recycling, at the locations where endocytosis is believed to take place. This similarity suggests that the mechanisms observed in mice accurately reflect those in humans.

"Our findings indicate that the molecular mechanism of ultrafast endocytosis is conserved between mice and human brain tissues," Watanabe says. He notes that this strengthens the value of using mouse models to study human brain biology.

Looking ahead, Watanabe hopes to apply the zap-and-freeze method to brain tissue collected, with permission, from individuals with Parkinson's disease who are undergoing deep brain stimulation procedures. The goal is to observe how vesicle dynamics may differ in affected neurons.

Funding for the study was provided by the National Institutes of Health (U19 AG072643, 1DP2 NS111133-01, 1R01 NS105810-01A1, R35 NS132153, S10RR026445), Howard Hughes Medical Institute, Kazato Foundation, American Lebanese Syrian Associated Charities, Marine Biological Laboratory, Leipzig University, Roland Ernst Stiftung, Johns Hopkins Medicine, Chan Zuckerberg Initiative, Brain Research Foundation, Helis Foundation, Robert J Kleberg Jr and Helen C Kleberg Foundation, McKnight Foundation, Esther A. & Joseph Klingenstein Fund, and the Vallee Foundation.

Contributors to the research included Chelsy Eddings, Minghua Fan, Yuuta Imoto, Kie Itoh, Xiomara McDonald, William Anderson, Paul Worley and David Nauen from Johns Hopkins, along with Jens Eilers and Kristina Lippmann from Leipzig University.
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Scientists reveal five big moments when your brain dramatically changes | ScienceDaily
Neuroscientists at the University of Cambridge report that the human brain moves through five "major epochs" as it rewires itself from early development to late old age. Each stage reflects a different way the brain supports thinking, learning, and behavior as we grow, mature, and eventually experience age-related decline.


						
A team from Cambridge's MRC Cognition and Brain Sciences Unit analyzed MRI diffusion scans from 3,802 individuals ranging from newborns to 90 years old. These scans track the movement of water through brain tissue, which helps researchers map the networks that link one region to another.

Their findings, published in Nature Communications, show that the brain's structure progresses through five broad phases. Four key "turning points" divide these phases, marking ages when the brain undergoes meaningful reorganization.

Childhood, Adolescence, and a Slow Path to Adulthood

The first epoch spans from birth to about age nine, when a major turning point leads into the adolescent phase. This adolescent period lasts much longer than expected, continuing until roughly age 32 on average.

In the early thirties, the brain's wiring shifts into an adult configuration. This becomes the longest era and continues for more than three decades. A third turning point near age 66 marks the beginning of an "early aging" phase, while the final "late aging" stage emerges around age 83.

"We know the brain's wiring is crucial to our development, but we lack a big picture of how it changes across our lives and why," said Dr. Alexa Mousley, a Gates Cambridge Scholar who led the research. "This study is the first to identify major phases of brain wiring across a human lifespan."

"These eras provide important context for what our brains might be best at, or more vulnerable to, at different stages of our lives. It could help us understand why some brains develop differently at key points in life, whether it be learning difficulties in childhood, or dementia in our later years."




Early Brain Growth: Synapses, Consolidation, and Rapid Change

From infancy through childhood, the brain is shaped by "network consolidation." Babies generate an enormous number of synapses, the points where neurons communicate. Over time, only the most active connections are kept while the rest are eliminated.

During this period, the entire brain follows a consistent rewiring pattern. Grey and white matter grow quickly, pushing cortical thickness (the distance between outer grey matter and inner white matter) to its highest point. The folds of the cerebral cortex also stabilize, forming the ridges seen on the outer surface.

By age nine, the brain encounters its first major turning point. Cognitive abilities expand rapidly at this age, but the risk of developing certain mental health conditions also becomes higher.

Adolescence: Increasing Efficiency and More Organized Brain Networks

The second epoch, adolescence, is marked by continued growth of white matter. As these pathways expand, the organization of communication networks becomes more refined. MRI diffusion scans show more orderly water movement in the tissue, reflecting stronger and more coordinated connections.




This period is notable for rising efficiency in how signals move both within individual regions and across the whole brain. These improvements are linked to gains in cognitive performance.

"Neural efficiency is as you might imagine, well connected by short paths, and the adolescent era is the only one in which this efficiency is increasing," said Mousley.

These changes peak in the early thirties, which researchers describe as the "strongest topological turning point" across the entire lifespan.

"Around the age of 32, we see the most directional changes in wiring and largest overall shift in trajectory, compared to all the other turning points," said Mousley. "While puberty offers a clear start, the end of adolescence is much harder to pin down scientifically. Based purely on neural architecture, we found that adolescent-like changes in brain structure end around the early thirties."

Adulthood: Stability and Gradual Compartmentalization

At approximately age 32, the adult epoch begins. This phase is relatively stable compared with earlier stages of life, and no additional major turning points appear for about thirty years. According to the researchers, this aligns with a "plateau in intelligence and personality" described in other studies.

They also noted growing "segregation" during this time, meaning that different brain regions begin to operate in more distinct and specialized ways.

The next turning point, around age 66, is much more subtle. While it does not involve dramatic structural changes, the team still observed meaningful shifts in network organization.

"The data suggest that a gradual reorganization of brain networks culminates in the mid-sixties," said Mousley. "This is probably related to aging, with further reduced connectivity as white matter starts to degenerate. This is an age when people face increased risk for a variety of health conditions that can affect the brain, such as hypertension."

Late Aging: Declining Global Connectivity and Regional Reliance

The final turning point arrives near age 83, signaling the start of the last brain structure epoch. Although the amount of data for this phase is limited, researchers found a clear pattern. The brain becomes less globally connected and depends more heavily on specific regions.

"Looking back, many of us feel our lives have been characterized by different phases. It turns out that brains also go through these eras," said senior author Prof Duncan Astle, Professor of Neuroinformatics at Cambridge.

"Many neurodevelopmental, mental health and neurological conditions are linked to the way the brain is wired. Indeed, differences in brain wiring predict difficulties with attention, language, memory, and a whole host of different behaviors."

"Understanding that the brain's structural journey is not a question of steady progression, but rather one of a few major turning points, will help us identify when and how its wiring is vulnerable to disruption."

The research received support from the Medical Research Council, the Gates Foundation, and the Templeton World Charitable Foundation.
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Satellites spot rapid "Doomsday Glacier" collapse | ScienceDaily
Thwaites Glacier in West Antarctica -- widely known as the "Doomsday Glacier" -- is changing more quickly than almost any other ice-ocean system on the planet. Its future behavior remains one of the biggest unknowns in forecasts of global sea-level rise. One part of this system, the Thwaites Eastern Ice Shelf (TEIS), floats on the ocean and is partly held in place by a pinning point at its northern edge. Over the past twenty years, this shelf has developed increasing fractures around a major shear zone located upstream of that pinning point.


						
A new study published in the Journal of Geophysical Research: Earth Surface (AGU, 2025) offers the most detailed account yet of how this slow breakdown has unfolded. The research was produced at the Centre for Earth Observation Sciences and led by Debangshu Banerjee, a recent graduate student from the Centre for Earth Observation Science (CEOS), along with Dr. Karen Alley (Assistant Professor, CEOS) and Dr. David Lilien (Assistant Professor, Indiana University Bloomington and former Research Associate at CEOS). Their work contributes to the TARSAN (Thwaites-Amundsen Regional Survey and Network) project, one of the programs within the International Thwaites Glacier Collaboration (ITGC) -- a major U.S.-U.K. effort to understand the forces driving change in Thwaites Glacier. Several well-known glaciologists, including Dr. Ted Scambos, Dr. Martin Truffer, Dr. Adrian Luckman, and Dr. Erin Pettitt, also contributed to this research.

Fracture Growth, Ice Dynamics, and a Strengthening Feedback Loop

Using twenty years (2002-2022) of satellite observations, ice-flow speed measurements, and in-situ GPS data, the team documented how fractures within the TEIS shear zone formed and evolved. Their analysis shows that the gradual growth of these fractures weakened the shelf's connection to the pinning point. As this attachment deteriorated, the ice upstream began to flow more quickly, reducing the shelf's mechanical stability.

The researchers identified four clear stages in this weakening and highlighted two major findings. The first is that the fractures expanded in two distinct phases: long fractures aligned with the direction of ice flow appeared first, followed later by shorter fractures that cut across the flow. The second is evidence of a positive feedback cycle in which these fractures increased ice acceleration, which in turn caused further damage. This accelerating loop played a significant role in the shelf's recent decline.

A Shift From Stabilizing Force to Source of Weakness

The study notes that the pinning point, once a key factor holding the TEIS in place, has slowly shifted into a feature that now contributes to its instability. This four-stage pattern of structural decline may be a signal for other Antarctic ice shelves that appear to be entering similar phases of weakness. If these floating shelves continue to deteriorate, the Antarctic Ice Sheet could contribute even more to future sea-level rise.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251130205511.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New research reveals the hidden organism behind Lake Erie's toxic blooms | ScienceDaily
During the warm months, Lake Erie becomes an ideal setting for cyanobacteria, also known as blue-green algae, to grow rapidly. Under these conditions, the algae can form large blooms that release toxins at levels capable of harming both wildlife and people.


						
Researchers at the University of Michigan have now pinpointed the organism responsible for producing these toxins. Their work identifies a particular type of cyanobacteria, known as Dolichospermum, as the source.

Harmful algal blooms, or HABs, can consist of many cyanobacterial species, each capable of generating different toxins. Determining which species produces which toxin is important for monitoring, predicting, and managing bloom events.

Tracing the Source of Microcystin and Saxitoxin

A major bloom in 2014 generated the toxin microcystin and posed a serious threat to Toledo's drinking water supply. Earlier, in 2007, scientists detected signs of an extremely strong toxin called saxitoxin in Lake Erie, although its biological source remained unknown. Saxitoxins belong to a group of closely related neurotoxins that are considered among the most powerful naturally occurring toxins.

"The main advantage of knowing which organism produces the toxin is that it helps us understand the conditions that cause toxin production -- that is, what conditions make those organisms successful," said Gregory Dick, professor of earth and environmental sciences and of environment and sustainability. "Such information can help guide policy and management, though we're still a long way from that in this case."

Using DNA Sequencing to Identify the Toxin Producer

To determine which organism was responsible for saxitoxin, the U-M team collected samples directly from HABs as they appeared in the lake. Lead author Paul Den Uyl applied "shotgun" sequencing, a technique that reads all DNA present in a water sample. With these sequences, he reconstructed a complete genome and then searched that genome for the genes involved in making saxitoxin.




Their analysis revealed several strains of Dolichospermum living in Lake Erie. However, only certain strains carried the ability to produce saxitoxin. While the reason for this difference is not yet clear, the researchers began examining the environmental conditions that may influence toxin production.

Environmental Clues in Temperature and Nutrient Levels

The team collected samples from multiple sites across Lake Erie throughout the year and measured how much of the saxitoxin-related gene appeared in each sample. They often detected higher levels of this gene in warmer water.

"That is interesting because we do know that the lakes are changing with climate change," said Den Uyl, a scientist at U-M's Cooperative Institute for Great Lakes Research, or CIGLR. "With the warming of the lakes, one of the big questions is, how is that going to change the biological communities, including harmful cyanobacterial blooms?"

They also observed that the gene linked to saxitoxin was less common in areas with elevated ammonium levels. The team suspects this pattern may relate to a distinctive characteristic of Dolichospermum: the presence of a gene that suggests it can use nitrogen in the form of dinitrogen, an abundant atmospheric gas. According to Dick, only a limited number of organisms can use nitrogen in this form, giving Dolichospermum a competitive advantage under certain conditions.

"One of the neat things about having the whole genome is you can see everything the organism can do, at least theoretically," said Dick, who is also director of CIGLR. "You have the whole blueprint for what the organism can do, and we do see the capability of obtaining fixed nitrogen from the water. It's just that getting it in the form of dinitrogen gas is kind of a superpower. Not a lot of organisms can do that, and it makes them more competitive under those conditions."

Monitoring Long-Term Risks in a Changing Lake




According to the researchers, they have monitored saxitoxin in the lake for nine years, but this span is too short to determine whether toxin levels will rise as the climate continues to warm.

"But now that we know who's producing it, I think we can keep a better watch on these organisms and we can also directly assess the gene abundance over time," Dick said. "We plan to continue monitoring the abundance of this organism, but it's too early to tell if it's becoming more abundant. It's just a correlation, but that correlation with temperature is concerning."

Their study appears in the journal Environmental Science & Technology.
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Ancient long snouted croc from Egypt rewrites evolution | ScienceDaily
In the remote Western Desert of Egypt, where striking layers of red sandstone and green shale rise above the dry plains surrounding Kharga Oasis, researchers have uncovered a fossil that significantly shifts current views on how crocodiles evolved.


						
The study, reported in The Zoological Journal of the Linnean Society, was conducted by a team of Egyptian paleontologists. They identified a new species named Wadisuchus kassabi, which lived roughly 80 million years ago. It is now considered the earliest known representative of Dyrosauridae -- a lineage of ancient crocodiles that differed substantially from the crocodiles seen today.

Revealing the Early Marine Lifestyle of Dyrosaurids

Dyrosaurids did not resemble the river-dwelling species familiar to us. Instead, they thrived in coastal and oceanic settings. Their long, narrow snouts and rows of thin, pointed teeth allowed them to catch agile prey such as fish and turtles. Their ability to survive and spread in the aftermath of the dinosaur extinction makes them a key group for understanding how reptiles adapted during a period of dramatic environmental change.

The name Wadisuchus kassabi reflects both the region and its cultural heritage. Wadi ("wady," Arabic for "valley") refers to the New Valley, where the fossils were recovered, while Suchus connects the species to Sobek, the ancient crocodile deity. The species name also commemorates Professor Ahmed Kassab (Assiut University), whose contributions to Egyptian paleontology continue to guide and inspire future scientists.

A Detailed Look Inside the Fossils

Professor Hesham Sallam, Egyptian Vertebrate Paleontologist at Mansoura University and senior author of the research, explained: "The fossils of Wadisuchus kassabi were excavated near Kharga and Baris oases in Egypt's Western Desert. They include two partial skulls and two snout tips representing four individuals at different stages of growth, providing rare insight into how dyrosaurids developed." Sallam continued: "High-resolution CT scans and 3D surface models enabled us to reveal unprecedented anatomical details."

Distinctive Features Offer Clues to Dyrosaurid Origins




Sara Saber, Assistant Lecturer at Assiut University, member of the Sallam Lab team at MUVP, and lead author of the study, said: "Wadisuchus kassabi, was a 3.5-4-meter-long crocodile-like reptile with a very long snout and tall, sharp teeth. It differed from other dyrosaurids, in having four teeth at the front of the snout instead of the primitive five, nostrils positioned on top of the snout for surface breathing, and a deep notch at the tip of the snout where the jaws met. These features show a gradual adaptation in the dyrosaurid bite, marking an important step in their evolutionary history."

Saber added: "Beyond the distinctive features of Wadisuchus, it plays a crucial role in understanding the origin of the dyrosaurid group. The new species pushes back evidence for an African origin of Dyrosauridae and suggests that their diversification began earlier than previously thought -- possibly during the Early Coniacian-Santonian (about 87-83 million years ago), rather than the traditionally assumed Maastrichtian (about 72-66 million years ago)."

Egypt as the Birthplace of a Global Crocodile Lineage

Belal Salem, PhD student at Ohio University, member of the Sallam Lab, Curator of Fossil Reptiles and Birds at MUVP, and faculty member at Benha University, states: "this discovery indicates that Africa was the cradle of dyrosaurid evolution, from which later lineages spread across the globe and our phylogenetic analyses consistently place Wadisuchus an ancestor of the dyrosaurid group."

Salem added that the find carries a broader message: "The significance of Wadisuchus lies not only in what it reveals about the evolutionary history of this remarkable group of crocodiles -- though that is a major achievement -- but also in what it reminds us of: Egypt's Western Desert still holds treasures that preserve the secrets of our planet's deep past. Our mission is not only to uncover these fossils but also to protect the fossil-rich sites from urban expansion and agricultural encroachment. They are a legacy for generations of Egyptians to come."
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Scientists discover hidden switch that helps cancer cells survive | ScienceDaily
Cells frequently encounter conditions that can damage them or even lead to cell death. To keep functioning, they must rapidly adjust which genes are active so they can protect themselves. Cancer cells face even more intense challenges because the environment around a tumor is often harsh and unstable. Despite this, they manage to flourish by activating gene programs that support larger tumor growth and the ability to spread to new areas of the body.


						
Until now, it was unclear how cancer cells transform stressful surroundings into an advantage. Researchers at Rockefeller suspected the answer would come from understanding how the cell's transcription machinery detects these conditions and shifts its activity. Their work has now identified a molecular switch inside breast cancer cells that redirects gene activity toward stress tolerance and tumor expansion.

The study, reported in Nature Chemical Biology, points to a possible new therapeutic target.

"This previously unknown transcription-level mechanism helps the cancer cells survive stressful conditions, so targeting it could disrupt a key survival mechanism that some cancers rely on," says first author Ran Lin, a research associate from the Laboratory of Biochemistry and Molecular Biology at The Rockefeller University. "It's another example of how basic research can open promising therapeutic avenues."

"We found that this molecular switch is mediated by a generic transcription complex normally required for all protein-coding genes," says Robert Roeder, head of the lab. "But what was most unexpected is that its individual subunits can be repurposed for several physiological functions -- including a function that allows cancer cells to survive and grow in high-stress environments."

Key Transcription Players and the Role of MED1

RNA polymerase II, also called Pol II, is the enzyme responsible for transcribing protein-coding genes in eukaryotic cells. Roeder originally discovered Pol II, and it often works together with the Mediator complex, a large coactivator made up of 30 subunits, to initiate the first steps of transcription. Additional adjustments to the resulting RNA can occur through post-transcriptional modifications, which further influence gene expression.




One important Mediator subunit is MED1. It is required for Pol II transcription in many cell types, including estrogen receptor-positive breast cancer (ER+ BC), which is one of the most common breast cancer categories.

Roeder's lab previously showed that interactions between estrogen receptors and MED1 strongly activate gene expression in ER+ BC. In some cases, this interaction can even reduce the effectiveness of cancer drugs. These earlier findings led Lin to question whether MED1 might also support cancer cell survival when the cells are under stress.

Investigating MED1 and Acetylation

Lin began by examining whether MED1 undergoes acetylation. Acetylation involves the addition of an acetyl group to a protein, and this chemical modification can alter how proteins function. Scientists are increasingly recognizing the impact of acetylation on tumor growth, cancer spread, and treatment resistance.

Once Lin confirmed that MED1 is acetylated, he investigated how this modification affects its activity during stressful conditions. The researchers exposed cells to several types of stress, including hypoxia (lack of oxygen), oxidative stress, and heat stress.

Stress Response Through Deacetylation

The team discovered that during stress, a protein known as SIRT1 removes acetyl groups from MED1. This process, referred to as "deacetylation," allows MED1 to partner more effectively with Pol II, boosting the potential for activating protective genes.




To further test this mechanism, the researchers engineered a version of MED1 missing six specific acetylation sites, which made it incapable of being acetylated. They then placed this modified protein into ER+ breast cancer cells where the natural MED1 had been removed using CRISPR.

The results were clear: whether MED1 was deacetylated due to stressful conditions or because it simply could not be acetylated, the outcome was the same. Breast cancer cells containing deacetylated MED1 produced tumors that grew more quickly and showed higher resistance to stress.

A Regulatory Switch Linked to Tumor Growth

"Our work reveals that the acetylation and deacetylation of MED1 act as a regulatory switch that helps cancer cells reprogram transcription in response to stress, supporting both survival and growth," Lin says. "In cancer -- particularly in ER+ breast cancer -- this pathway may be co-opted or intensified to support abnormal growth and survival. We hope these insights will inform future drug development, especially for breast cancers and possibly other malignancies that rely on stress-induced gene reprogramming."

"This MED1 regulatory pathway appears to be part of a wider paradigm in which acetylation regulates transcription factors," Roeder adds. "Our earlier work on p53 helped establish that principle. Continuing to probe these basic mechanisms is what allows us to identify pathways that may eventually be leveraged for therapeutic purposes."
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New study finds cancer-linked compounds in common foods | ScienceDaily
In today's world, many people are paying closer attention to their health and daily routines, with fitness habits and calorie-tracking apps becoming increasingly common. As part of this trend, more individuals are trying to include nutrient-dense foods such as fruits and vegetables in their diets. However, these foods can sometimes contain polycyclic aromatic hydrocarbons (PAHs) (hydrophobic organic compounds comprising multiple fused aromatic rings) and related substances. This contamination can occur through environmental exposure or through cooking methods such as heating, smoking, grilling, roasting, and frying. Some PAHs are known to be carcinogenic, creating potential health concerns.


						
Given these risks, accurately extracting and identifying PAHs in food is extremely important. Traditional extraction approaches, including solid-phase, liquid-liquid, and accelerated solvent extraction, are effective but often slow, labor intensive, and less environmentally friendly. To address these challenges, researchers have turned to the QuEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe) method, a technique designed to simplify and speed up the extraction of organic compounds. This approach shortens processing time, increases accuracy and recovery, and streamlines sample preparation, contributing to safer and more efficient PAH analysis.

SeoulTech Researchers Apply QuEChERS to Eight PAHs

A recent investigation by a team from the Department of Food Science and Biotechnology at Seoul National University of Science and Technology, led by Professor Joon-Goo Lee, applied the QuEChERS method to measure eight PAHs (Benzo[a]anthracene, Chrysene, Benzo[b]fluoranthene, Benzo[k]fluoranthene, Benzo[a]pyrene, Indeno[1,2,3-cd]pyrene, Dibenz[a,h]anthracene, and Benzo[g,h,i]perylene) in food. The study was published in Food Science and Biotechnology.

To perform the analysis, the researchers used acetonitrile to extract PAHs before purifying the samples with several combinations of sorbents. Using multiple food matrices, they confirmed that the QuEChERS method produced highly consistent results. Calibration curves for all eight PAHs showed exceptional linearity, with the R2 value surpassing 0.99.

Gas chromatography-mass spectrometry testing revealed detection limits ranging from 0.006 to 0.035 mg/kg and quantification limits between 0.019 and 0.133 mg/kg. Recovery rates were equally strong, ranging from 86.3 to 109.6% at 5 mg/kg, 87.7 to 100.1% at 10 mg/kg, and 89.6 to 102.9% at 20 mg/kg, with precision values between 0.4 and 6.9% across all tested food matrices.

Prof. Lee explains, "This method not only simplifies the analytical process but also demonstrates high efficiency in detection compared to conventional methods. It can be applied to a wide range of food matrices."

Practical Applications and Public Health Benefits




In food-related industries, this method could support more effective safety inspections and improve overall quality control. It may also lower operational costs and enhance worker safety.

"Our research can improve public health by providing safe food. It also reduces the use and emission of hazardous chemicals in laboratory testing," concludes Prof. Lee.

Overall, the study demonstrates that the PAH analysis technique built on the QuEChERS approach is rapid, accurate, and environmentally sustainable.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251130205423.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A lost Amazon world just reappeared in Bolivia | ScienceDaily
In September 2021, a team of specialists traveled to one of the least-documented areas of the Bolivian Amazon: the Great Tectonic Lakes of Exaltacion in the department of Beni. The expedition, organized by the Grupo de Trabajo para los Llanos de Moxos (GTLM), brought together experts from the Wildlife Conservation Society, the National Museum of Natural History, the Institute of Ecology, the Biodiversity and Environment Research Center, the Aquatic Resources Research Center, and the Department of Anthropology of the Americas at the University of Bonn.


						
In the southwestern Amazon, the tectonic Lakes Rogaguado and Ginebra reveal a landscape shaped by generations of human innovation. Beneath the open grasslands and shallow waters lie the remains of extensive earthworks, raised agricultural fields, and interconnected canals that reflect a long history of people adapting to a dynamic environment.

These lakes sit within the Municipal Protected Area of Grandes Lagos Tectonicos de Exaltacion and form part of the Rio Yata Ramsar wetland complex, which is recognized by UNESCO for both its ecological and cultural value. Set in the Llanos de Moxos, a vast network of savannas, gallery forests, and floodplains that make up the largest wetland system in the Amazon basin, this area has inspired curiosity for centuries. Ethnohistorical accounts even linked it to the legendary 'Land of Paititi.' Only recently has its deep human past begun to come into clearer view.

Mapping a Long History of Settlement

Using a combination of surveys, excavations, and LiDAR imaging, the research team documented several archaeological sites: Paquio, Coquinal, Isla del Tesoro, and Jasschaja. Each site represents a different stage in the long sequence of habitation across this region.

Radiocarbon dates reveal repeated occupations from roughly 600 to 1400 CE. Findings at Paquio show an early settlement beginning around 600 CE, followed by a more intensive occupation between 1000 and 1200 CE. This later phase included shell middens, dense ceramic refuse, and a sophisticated system of canals and raised fields connected to maize-based farming. Jasschaja, which dates from 1300 to 1400 CE, reflects broader landscape alterations and greater botanical diversity, suggesting intensified forest and crop management during its occupation.

Innovations in Water Management and Agriculture

The terrain of the Llanos de Moxos is filled with geometric forms that reveal themselves on closer inspection. Circular and rectangular ditches, drainage channels, raised planting platforms, and clusters of mounds create a complex network designed for water control and cultivation. These structures were built to regulate seasonal flooding, guide water flow, and create stable areas for living and farming within a wetland that changes dramatically throughout the year.




Their many shapes, ranging from geometric enclosures to long elevated fields, indicate that there was no single standardized design. Instead, they represent centuries of experimentation as communities responded to shifting ecological and social conditions. Together, these features highlight the cultural diversity and long-term resilience of the people who developed them.

Excavations at Paquio and Jasschaja also revealed details about a varied pre-Hispanic diet that relied on wetland resources. Fish such as wolf fish, peacock bass, and South American lungfish were especially common, accompanied by reptiles including caimans and turtles, and mammals such as capybaras, pacas, and armadillos. Plant remains show the use of maize, legumes, and multiple palm species -- moriche palm, corozo palm, cumare palm, totai palm, palmita, and peach palm. Together, these remains point to a balanced subsistence strategy that combined fishing, hunting, gathering, and farming.

Biocultural Knowledge and Indigenous Leadership

The Cayubaba and Movima communities continue to live in these landscapes, where rich biodiversity is deeply connected to cultural heritage. Their long-standing presence and environmental knowledge help maintain a unique form of biocultural heritage in which ecological and cultural diversity have developed side by side over many generations.

During the post-Covid-19 field seasons, collaboration with local communities was rooted in open communication and mutual respect. Representatives of the Cayubaba Indigenous Council, which includes 21 Cayubaba and Movima communities, assisted researchers in identifying areas for study, providing access to culturally important places, and specifying sites that should not be disturbed. While interactions were limited for health reasons, this partnership ensured that the research reflected community priorities and contributed to a fuller understanding of the living heritage of the region.

Through the GTLM, Indigenous leaders and scientists are working together to link archaeological and ecological research with conservation initiatives. These efforts emphasize that the Llanos de Moxos is not only a center of biodiversity but also a landscape shaped through long human histories, and they support continued management of the Yata River Ramsar site and the protected areas connected to it.




Lessons From the Past for a Changing Amazon

As deforestation, expanding agriculture, and climate change put increasing pressure on the Amazon, the landscapes around Lakes Rogaguado and Ginebra highlight the importance of sustainable land-use traditions. Archaeological evidence shows that past communities developed flexible ways of living that combined farming, fishing, and forest management. Rather than seeking to control or overexploit the environment, they adapted to its seasonal cycles and used periodic flooding as an opportunity.

Although raised-field agriculture eventually ended -- likely because of population decline and social upheaval after European colonization -- this does not diminish the effectiveness of these systems. For centuries, communities maintained productive landscapes by working with the region's natural rhythms. Their practices challenge modern assumptions about what counts as "development" and remind us that resilience often emerges from diversity: of species, of knowledge, and of cultural traditions.

Protecting this biocultural heritage is now a global responsibility. The wetlands of the Llanos de Moxos continue to store carbon, moderate water systems, and support a wide range of species. Conservation efforts must also respect the people who have cared for these landscapes for generations. In this way, archaeology becomes more than a study of the past; it becomes a means of reconnecting ancient knowledge with today's urgent debates about sustainability and environmental justice.

The Llanos de Moxos demonstrate that the Amazon has always been a place where people and nature have shaped one another. Its monumental earthworks, forest islands, and living cultural traditions suggest that part of our shared future may depend on listening more closely to these landscapes that remember.
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Wild chimps consume more alcohol than anyone expected | ScienceDaily
The first-ever measurements of the ethanol content of fruits available to chimpanzees in their native African habitat show that the animals could easily consume the equivalent of more than two standard alcoholic drinks each day, according to researchers at the University of California, Berkeley.


						
It is still unknown whether chimpanzees deliberately choose fruits with higher ethanol levels, which tend to be riper and richer in sugar that can ferment. However, many of the fruit species they regularly eat contain measurable ethanol, indicating that alcohol is a routine part of their menu and was probably present in the diets of our human ancestors as well.

"Across all sites, male and female chimpanzees are consuming about 14 grams of pure ethanol per day in their diet, which is the equivalent to one standard American drink," said UC Berkeley graduate student Aleksey Maro of the Department of Integrative Biology. "When you adjust for body mass, because chimps weigh about 40 kilos versus a typical human at 70 kilos, it goes up to nearly two drinks."

A "standard drink" in the U.S. contains 14 grams of ethanol, irrespective of the consumer's body size, although in much of Europe the standard is 10 grams.

Measuring ethanol in wild fruits

Maro analyzed 21 different fruit species eaten by chimps at two long-term research sites, Ngogo in Uganda and Tai in Ivory Coast. On average, these fruits contained 0.26% alcohol by weight. Primatologists working at these locations estimate that chimps typically eat about 10 pounds (4.5 kilograms) of fruit per day and that fruit accounts for roughly three quarters of their total food intake. Researchers have also estimated how much each fruit species contributes to the overall diet at each site, which allowed the Berkeley team to calculate an average daily intake of ethanol from food.

"The chimps are eating 5 to 10% of their body weight a day in ripe fruit, so even low concentrations yield a high daily total -- a substantial dosage of alcohol," said Robert Dudley, UC Berkeley professor of integrative biology. "If the chimps are randomly sampling ripe fruit as did Aleksey, then that's going to be their average consumption rate, independent of any preference for ethanol. But if they are preferring riper and/or more sugar-rich fruits, then this is a conservative lower limit for the likely rate of ethanol ingestion."

Low-level alcohol exposure and evolutionary clues




According to Maro, chimps feed on fruit throughout the day and do not appear visibly drunk. To actually feel intoxicated, a chimp would need to eat so much fruit that its stomach would become painfully distended. Even so, this steady, low-level intake of ethanol implies that the last common ancestor of humans and chimpanzees, our closest living relatives among the apes, probably encountered alcohol every day from fermenting fruit. That nutrient is largely absent from the diets of captive chimps and from many modern human diets.

"Chimpanzees consume a similar amount of alcohol to what we might if we ate fermented food daily," Maro said. "Human attraction to alcohol probably arose from this dietary heritage of our common ancestor with chimpanzees."

Maro is first author and Dudley is senior author of a peer-reviewed paper describing these findings that is published in the journal Science Advances.

The 'drunken monkey' hypothesis

More than two decades ago, Dudley proposed that humans' interest in alcohol has deep roots in primate evolution and stems from ancient foraging habits. He later expanded this idea in his 2014 book The Drunken Monkey: Why We Drink and Abuse Alcohol. His "drunken monkey" hypothesis initially met resistance from many scientists, especially primatologists, who argued that primates in the wild do not commonly eat fermented fruits or nectar. These foods contain alcohol produced when yeast digests sugars, in much the same way that yeast turns grape juice into wine.

Over time, however, observational and experimental evidence has increasingly supported Dudley's view. More field researchers now report that monkeys and apes do in fact eat fermented fruit, including a recent observation of chimpanzees in Guinea-Bissau. Other studies, conducted with animals in captivity, have shown that some primates actively favor alcohol. In 2016, for example, Dartmouth University researchers found that captive aye-ayes and slow lorises given nectar with different alcohol levels tended to finish the most alcoholic nectar first and then repeatedly return to those empty containers. In 2022, Dudley worked with collaborators in Panama to show that wild spider monkeys consume fermented fruit containing alcohol and later excrete alcohol metabolites in their urine.




Alcohol in the diets of many animals

Mammals are not the only creatures that take in alcohol as part of normal feeding. In a study published earlier this year, Dudley and colleagues at Berkeley analyzed feathers from 17 bird species and found alcohol metabolites in 10 of them. This indicates that their diet -- nectar, grain, insects and even other vertebrates -- contained significant amounts of ethanol.

"The consumption of ethanol is not limited to primates," Dudley said. "It's more characteristic of all fruit-eating animals and, in some cases, nectar-feeding animals."

He noted that one idea about why animals might seek out ethanol is that its smell helps them locate foods that are richer in sugar and thus provide more energy. Alcohol may also make eating feel more rewarding, in a way that resembles sipping wine with a meal. Another possibility is that sharing fruit containing alcohol contributes to social bonding within primate groups or among other species.

"It just points to the need for additional federal funding for research into alcohol attraction and abuse by modern humans. It likely has a deep evolutionary background," Dudley said.

Fieldwork in African forests

Beginning in 2019, Maro conducted two field seasons at Ngogo in Uganda's Kibale National Park and one season at Tai National Park in Cote d'Ivoire. Ngogo is home to the largest known chimpanzee community in Africa. There, chimps climb into the trees to harvest fruits and often prefer several types of figs. Maro and his colleagues collected intact, freshly fallen fruits lying beneath trees where chimps had recently been feeding. At Tai, where chimps more often eat fruit that has fallen, the team similarly gathered undamaged and unbitten fruits from the ground below fruiting trees.

Each fruit sample was sealed in an airtight container, and the team recorded details including species, size, color and softness. Back at base camp, the fruits were frozen to halt further ripening. To determine alcohol content, Maro applied three different techniques across his field trips: a semiconductor-based sensor similar to a breathalyzer, a portable gas chromatograph and a chemical assay. All three methods produced consistent alcohol readings. Before heading to the field, Maro validated each technique in Dudley's Berkeley laboratory using a standardized protocol that could easily be reproduced under field conditions, where he often processed about 20 samples in a 12 hour day.

Two of the methods involved thawing the fruit, removing the peel and seeds, blending the pulp and then letting it sit in a sealed container for a couple of hours so that alcohol could move into the air above the pulp. This air, or "headspace," was then sampled and analyzed for ethanol content. The third method extracted liquid from the pulp and used color changing chemicals that react to ethanol.

Alcohol rich fruits and what chimps choose to eat

When the alcohol content of the fruits was averaged and weighted according to how often chimps eat each species, the numbers came out to 0.32% by weight at Ngogo and 0.31% at Tai. The fruits that chimps consume most frequently at each site, a fig called Ficus musuco at Ngogo and the plum like fruit of the evergreen Parinari excelsa at Tai, were also the most alcohol rich. Maro noted that groups of male chimpanzees often gather high in the canopy of F. musuco trees to eat fruit before heading out on patrols along the borders of their territory. The fruits of P. excelsa are also a favorite of elephants, which are known to be drawn to alcohol.

"I think the strength of Aleksey's approach is that it used multiple methods," Dudley said. "One of the reasons this has been a tempting target but no one's gone after it is because it's so hard to do in a field site where there are wild primates eating known fruits. This dataset has not existed before, and it has been a contentious issue."

Next steps in tracking chimpanzee alcohol exposure

The new research establishes a baseline for future projects in chimpanzee reserves that aim to determine how often chimps select fermented, alcohol containing fruits over less fermented options. During the following summer, Maro returned to Ngogo to collect urine from chimps while they slept in trees, a difficult task that required an umbrella, so that he could test for alcohol metabolites using kits similar to those used in some U.S. workplaces. Along with team member Laura Clifton Byrne, an undergraduate at San Francisco State University, he also shadowed foraging chimpanzees, retrieving freshly dislodged fruits from beneath the canopy and measuring their alcohol content.

Co-authors of the paper are Aaron Sandel of the University of Texas, Austin; Bi Z. A. Blaiore and Roman Wittig of the Tai Chimpanzee Project; and John Mitani of the University of Michigan, Ann Arbor, one of the founders of the Ngogo Chimpanzee Project. The work was funded by UC Berkeley.
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New 3D scan reveals a hidden network of moai carvers on Easter Island | ScienceDaily

Rapa Nui is widely recognized for its hundreds of stone statues (moai), crafted by Polynesian settlers beginning in the 13th century. Archaeological work has repeatedly shown that the island was home to many small family groups rather than a unified political system. This background has prompted researchers to explore whether the carving of moai followed the same decentralized structure.

High-Resolution 3D Modeling Reveals 30 Quarry Work Zones

For this study, scientists gathered more than 11,000 photographs of Rano Raraku, the primary moai quarry. These images were merged into a detailed 3D reconstruction that captured hundreds of moai preserved in different stages of production. After analyzing the model, the team identified 30 distinct quarrying areas, each showing unique carving approaches. Additional clues indicate that completed or partially shaped moai were moved away from the quarry along several different paths. Taken together, these patterns suggest that statue creation reflected the island's broader social organization, with carving efforts carried out independently rather than through centralized oversight.

New Evidence Challenges Long-Held Assumptions

The findings call into question the idea that projects of this scale require strict hierarchy or a single coordinating authority. Similarities between moai appear to come from the sharing of cultural knowledge instead of coordinated, joint labor. The new quarry model also provides a valuable dataset that can support future investigations and guide cultural management at this UNESCO World Heritage site. The same methods used here can also be applied to study other archaeological locations.

The authors explain: "Much of the so-called "mystery" of Rapa Nui (Easter Island) comes from the lack of openly available, detailed evidence that would allow researchers to evaluate hypotheses and construct explanations. Here, we present the first high-resolution 3D model of the moai quarry at Rano Raraku, the central quarry for nearly 1,000 statues, offering new insights into the organizational and manufacturing processes of these giant megalithic figures."

Fieldwork for this research was supported by a National Science Foundation grant (Award #2218602). The funders had no involvement in study design, data collection and analysis, decisions related to publication, or manuscript preparation.
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Scientists discover a hidden brain circuit that rewrites vision | ScienceDaily
Vision guides an animal's actions, but new research from MIT shows that the relationship goes both ways. The study, published November 25 in Neuron, reports that behavior and internal conditions directly influence how visual information is processed. In mice, the brain's prefrontal cortex, which serves as a major center for executive control, sends tailored signals to regions involved in vision and movement. These signals adjust how those regions operate depending on factors such as how alert the mouse is and whether it is actively moving.


						
"That's the major conclusion of this paper: There are targeted projections for targeted impact," said senior author Mriganka Sur, Paul and Lilah Newton Professor in The Picower Institute for Learning and Memory and MIT's Department of Brain and Cognitive Sciences.

Investigating Customized Prefrontal Signals

Scientists have long proposed, including Sur's colleague Earl K. Miller at MIT, that the prefrontal cortex can guide the activity of more posterior areas of the brain. While anatomical evidence has supported this idea, the goal of the new study was to determine whether the prefrontal cortex sends one broad type of signal or instead crafts distinct messages for different target regions. Lead author and Sur Lab postdoctoral researcher Sofie Ahrlund-Richter also sought to identify which specific neurons receive these signals and how the communication influences downstream processing.

Different Prefrontal Regions Serve Different Roles

The team identified a number of new insights. Two areas in the prefrontal cortex, the orbitofrontal cortex (ORB) and the anterior cingulate area (ACA), were found to relay information about both arousal and movement to two other regions: the primary visual cortex (VISp) and the primary motor cortex (MOp). These messages appear to have unique effects. For example, higher arousal increased ACA's tendency to help VISp sharpen its visual representations. ORB, however, became influential only when arousal was very high, and its involvement appeared to decrease the clarity of visual encoding. According to Ahrlund-Richter, ACA may help the brain focus on potentially meaningful visual details as arousal rises, while ORB may act to reduce attention to distracting or overly strong stimuli.

"These two PFC subregions are kind of balancing each other," Ahrlund-Richter said. "While one will enhance stimuli that might be more uncertain or more difficult to detect, the other one kind of dampens strong stimuli that might be irrelevant."

Mapping and Monitoring Brain Circuits




To better understand the involved pathways, Ahrlund-Richter performed detailed anatomical tracing of the connections ACA and ORB form with VISp and MOp. In additional experiments, mice ran freely on a wheel while viewing structured images or naturalistic movies at different contrast levels. At certain moments, small air puffs increased the animals' arousal level. Throughout these tasks, researchers recorded the activity of neurons in ACA, ORB, VISp and MOp, with particular attention to the signals traveling along the axons linking prefrontal and posterior areas.

The tracing work showed that ACA and ORB each communicate with a variety of cell types in their target regions rather than a single cell class. They also connect in distinct spatial patterns. In VISp, ACA primarily targeted layer 6, while ORB communicated mainly with layer 5.

How Arousal and Movement Shift Visual Processing

When the team examined the transmitted information and neural activity, several consistent patterns emerged. ACA neurons conveyed more detailed visual information than ORB neurons and were more responsive to changes in contrast. ACA activity also tracked closely with arousal level, while ORB responded only when arousal reached a high threshold. When signaling to MOp, both regions conveyed information about running speed. When signaling to VISp, however, they only indicated whether the mouse was moving or still. The two prefrontal regions also carried information about arousal and a small amount of visual detail to MOp.

To see how this communication affects visual processing, the researchers temporarily blocked the pathways leading from ACA and ORB to VISp. This allowed them to measure how VISp neurons responded without these inputs. They found that ACA and ORB exerted specific and opposing effects on visual encoding depending on the mouse's movement and level of arousal.

A Specialized Model of Prefrontal Feedback

"Our data support a model of PFC feedback that is specialized at both the level of PFC subregions and their targets, enabling each region to selectively shape target-specific cortical activity rather than modulating it globally," the authors wrote in Neuron.




In addition to Sur and Ahrlund-Richter, the research team included Yuma Osako, Kyle R. Jenks, Emma Odom, Haoyang Huang, and Don B. Arnold.

The work was supported by a Wenner-Gren foundations Postdoctoral Fellowship, the National Institutes of Health, and the Freedom Together Foundation.
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Why some memories last a lifetime while others fade fast | ScienceDaily
Every day, the brain turns passing impressions, creative sparks, and emotional experiences into lasting memories that shape our identity and guide our decisions. A central question in neuroscience has been how the brain determines which pieces of information are worth storing and how long those memories should remain.


						
Recent findings show that long-term memories form through a sequence of molecular timing mechanisms that activate across different parts of the brain. Using a virtual reality behavioral system in mice, scientists identified regulatory factors that help move memories into increasingly stable states or allow them to fade entirely.

A study published in Nature highlights how several brain regions work together to reorganize memories over time, with checkpoints that help assess how significant each memory is and how durable it should be.

"This is a key revelation because it explains how we adjust the durability of memories," says Priya Rajasethupathy, head of the Skoler Horbach Family Laboratory of Neural Dynamics and Cognition. "What we choose to remember is a continuously evolving process rather than a one-time flipping of a switch."

Moving Beyond the Classic Memory Model

For many years, researchers focused on two primary memory centers: the hippocampus, which supports short-term memory, and the cortex, which was believed to store long-term memories. These long-term memories were thought to sit behind biological on-and-off switches.

"Existing models of memory in the brain involved transistor-like memory molecules that act as on/off switches," says Rajasethupathy.




This older view suggested that once a memory was marked for long-term storage, it would persist indefinitely. Although this framework provided useful insights, it did not explain why some long-term memories last for weeks while others remain vivid for decades.

A Key Pathway Linking Short and Long-Term Memory

In 2023, Rajasethupathy and colleagues described a brain circuit that connects short-term and long-term memory systems. A central element of this pathway is the thalamus, which helps determine which memories should be kept and directs them to the cortex for long-term stabilization.

These discoveries opened the door to deeper questions: What happens to memories once they leave the hippocampus, and what molecular processes decide whether a memory becomes lasting or disappears?

Virtual Reality Experiments Reveal Memory Persistence

To investigate these mechanisms, the team built a virtual reality setup that allowed mice to form specific memories. "Andrea Terceros, a postdoc in my lab, created an elegant behavioral model allowed us to break open this problem in a new way," Rajasethupathy says. "By varying how often certain experiences were repeated, we were able to get the mice to remember some things better than others, and then look into the brain to see what mechanisms were correlated with memory persistence."

Correlation alone could not answer the key questions, so co-lead Celine Chen created a CRISPR-based screening platform to alter gene activity in the thalamus and cortex. This approach showed that removing certain molecules changed how long memories lasted, and each molecule operated on its own timescale.




Timed Programs Guide Memory Stability

The results indicate that long-term memory relies not on a single on/off switch, but on a sequence of gene-regulating programs that unfold like molecular timers across the brain.

Early timers activate quickly but fade fast, allowing memories to disappear. Later timers turn on more gradually, giving important experiences the structural support needed to persist. In this study, repetition served as a stand-in for importance, letting researchers compare frequently repeated contexts with those seen only occasionally.

The team identified three transcriptional regulators essential for maintaining memories: Camta1 and Tcf4 in the thalamus, and Ash1l in the anterior cingulate cortex. These molecules are not required to form the initial memory but are crucial for preserving it. Disrupting Camta1 and Tcf4 weakened connections between the thalamus and cortex and caused memory loss.

According to the model, memory formation begins in the hippocampus. Camta1 and its downstream targets help keep that early memory intact. Over time, Tcf4 and its targets activate to strengthen cell adhesion and structural support. Finally, Ash1l promotes chromatin remodeling programs that reinforce memory stability.

"Unless you promote memories onto these timers, we believe you're primed to forget it quickly," Rajasethupathy says.

Shared Memory Mechanisms Across Biology

Ash1l is part of a protein family known as histone methyltransferases, which help maintain memory-like functions in other systems. "In the immune system, these molecules help the body remember past infections; during development, those same molecules help cells remember that they've become a neuron or muscle and maintain that identity long-term," Rajasethupathy says. "The brain may be repurposing these ubiquitous forms of cellular memory to support cognitive memories."

These discoveries may eventually help researchers address memory-related diseases. Rajasethupathy suggests that, by understanding the gene programs that preserve memory, scientists may be able to redirect memory pathways around damaged brain regions in conditions such as Alzheimer's. "If we know the second and third areas that are important for memory consolidation, and we have neurons dying in the first area, perhaps we can bypass the damaged region and let healthy parts of the brain take over," she says.

Next Steps: Decoding the Memory Timer System

Rajasethupathy's team now aims to uncover how these molecular timers are activated and what determines their duration. This includes investigating how the brain evaluates the importance of a memory and decides how long it should last. Their work continues to point toward the thalamus as a central hub in this decision-making process.

"We're interested in understanding the life of a memory beyond its initial formation in the hippocampus," Rajasethupathy says. "We think the thalamus, and its parallel streams of communication with cortex, are central in this process."
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Scientists discover hidden wolf DNA in most dogs | ScienceDaily
New findings from scientists at the American Museum of Natural History and the Smithsonian's National Museum of Natural History show that most dogs alive today retain small but measurable amounts of wolf ancestry that developed after domestication. These lingering wolf genes appear to have influenced characteristics such as body size, scent abilities, and aspects of behavior. The research, published on November 24 in Proceedings of the National Academy of Sciences, indicates that this subtle gene flow may help dogs succeed in many different human environments. The team reports that post-domestication wolf ancestry occurs across a broad range of breeds, from the large Shiloh shepherd to the tiny chihuahua.


						
"Modern dogs, especially pet dogs, can seem so removed from wolves, which are often demonized," said the study's lead author Audrey Lin, a Gerstner Postdoctoral Scholar in Bioinformatics and Computational Biology at the American Museum of Natural History. "But there are some characteristics that may have come from wolves that we greatly value in dogs today and that we choose to keep in their lineage. This is a study about dogs, but in a lot of ways, it's telling us about wolves."

Ancient Origins and Limited Hybridization

Dogs trace their origins to an extinct population of gray wolves that evolved alongside humans during the late Pleistocene about 20,000 years ago. Although wolves and dogs still share territory and are capable of producing fertile offspring, actual hybridization between them is unusual. Except for a few deliberate crosses, researchers have found little evidence of genetic mixing after domestication established separate lineages.

"Prior to this study, the leading science seemed to suggest that in order for a dog to be a dog, there can't be very much wolf DNA present, if any," Lin said. "But we found if you look very closely in modern dog genomes, wolf is there. This suggests that dog genomes can "tolerate" wolf DNA up to an unknown level and still remain the dogs we know and love."

Large Genomic Survey Highlights Deep Ancestry Links

The research team examined more than 2,700 published genomes from the National Center for Biotechnology Information and the European Nucleotide Archive, including wolves, breed dogs, village dogs, and other canids from the late Pleistocene to the present. Their analysis revealed that almost two-thirds of breed dogs retain wolf ancestry within their nuclear genome from hybridization events that occurred around 1,000 generations ago. Every village dog genome studied also showed detectable wolf ancestry. Village dogs are free-roaming animals that live in or near human communities.




Czechoslovakian and Saarloos wolfdogs, intentionally bred through wolf-dog hybridization, had the highest wolf ancestry levels at 23-40 percent. Among typical dog breeds, the great Anglo-French tricolor hound had the strongest signal at 4.7 to 5.7 percent, followed by the Shiloh shepherd at 2.7 percent. While the Shiloh shepherd's wolf ancestry fits with its history of breeding with wolfdogs or other recent hybrids to create healthier shepherd dogs in the US, the elevated wolf ancestry in the Great Anglo-French tricolor hound, the most common hound in France, is both unexpected and unexplained. The Tamaskan, a "wolfalike" breed created in the UK during the 1980s by selecting huskies, malamutes, and other dogs for a wolf-like appearance, has about 3.7 percent wolf ancestry.

Wolf Influence Across Dog Types and Sizes

The researchers identified several broad trends in their data. Larger dogs and those bred for specific types of work, such as Arctic sled dogs, "pariah" breeds, and hunting dogs, tended to have higher levels of wolf ancestry. Terriers, gundogs, and scent hounds typically had the lowest levels. Some large guardian dogs showed high wolf ancestry, while others, including the Neapolitan mastiff, bullmastiff, and St. Bernard, showed none. Wolf ancestry also appeared in breeds that did not fit these patterns, including the chihuahua, which had about 0.2 percent wolf ancestry.

"This completely makes sense to anyone who owns a chihuahua," Lin said. "And what we've found is that this is the norm most dogs are a little bit wolfy."

Personality Traits and Wolf Ancestry Trends

The team also compared how kennel clubs describe the behaviors of breeds with the highest and lowest wolf ancestry. Breeds with low levels were most often labeled "friendly," followed by "eager to please," "easy to train," "courageous," "lively," and "affectionate." Breeds with higher wolf ancestry were more often described as "suspicious of strangers," "independent," "dignified," "alert," "loyal," "reserved," and "territorial." Descriptors such as "intelligent," "obedient," "good with children," "dedicated," "calm," and "cheerful" appeared with similar frequency in both groups. The researchers emphasized that these personality labels reflect human observations and that it remains unclear whether wolf-derived DNA directly influences these traits. Even so, the findings open new directions for future behavioral research.




Wolf-Derived Adaptations in Modern Dogs

The study also highlighted several adaptations that dogs appear to have inherited from wolves. Village dogs showed enriched wolf ancestry in olfactory receptor genes, which may support their need to locate human food waste. Another adaptation traced to a Tibetan wolf-like gene enables Tibetan mastiffs to tolerate low-oxygen environments in the Tibetan Plateau and the Himalayas.

"Dogs are our buddies, but apparently wolves have been a big part of shaping them into the companions we know and love today," said study co-author Logan Kistler, curator of archaeobotany and archaeogenomics at the National Museum of Natural History. "Through the years, dogs have had to solve all kinds of evolutionary problems that come with living with humans, whether it's surviving at high altitude, searching for their next meal as they freely roam a village, or protecting the herd, and it seems like they use wolf genes as part of a toolkit to continue their evolutionary success story."

Other study authors include Regina Fairbanks, from the University of California, Davis; Jose Barba-Montoya, from the American Museum of Natural History; and Hsiao-Lei Liu, from the National Museum of Natural History and University of Stockholm.
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Scientists may have found dark matter after 100 years of searching | ScienceDaily
In the early 1930s, Swiss astronomer Fritz Zwicky noticed that many galaxies were moving far faster than their visible mass should permit. This unusual motion led him to propose that some kind of invisible structure -- dark matter -- was supplying the extra gravitational pull needed to keep those galaxies intact. Nearly a century later, NASA's Fermi Gamma-ray Space Telescope may have captured the first direct evidence of this mysterious substance, offering the possibility of finally "seeing" dark matter.


						
Dark matter has remained one of astronomy's biggest unknowns since it was first suggested. Until now, scientists have only been able to study it indirectly by observing how it affects ordinary matter, such as the way it produces enough gravity to hold galaxies together. Direct detection has not been possible because dark matter particles do not interact with electromagnetic force -- meaning they do not absorb, reflect or emit light.

The WIMP Hypothesis and Predicted Gamma Rays

Many researchers believe that dark matter is made of weakly interacting massive particles, or WIMPs. These particles are thought to be heavier than protons and interact so weakly with normal matter that they are extremely difficult to detect. However, theory suggests that when two WIMPs collide, they annihilate each other and release energetic particles, including gamma ray photons.

Scientists have spent years examining regions where dark matter should be concentrated, especially the center of the Milky Way, searching for these specific gamma rays. Using new data from the Fermi Gamma-ray Space Telescope, Professor Tomonori Totani of the University of Tokyo now believes he has identified the predicted gamma ray signal associated with dark matter particle annihilation.

Totani's findings appear in the Journal of Cosmology and Astroparticle Physics.

A 20-GeV Gamma Ray Halo Near the Milky Way Center

"We detected gamma rays with a photon energy of 20 gigaelectronvolts (or 20 billion electronvolts, an extremely large amount of energy) extending in a halolike structure toward the center of the Milky Way galaxy. The gamma-ray emission component closely matches the shape expected from the dark matter halo," said Totani.




The measured gamma ray energy spectrum, which describes how the intensity of the emission varies, closely matches model predictions for the annihilation of hypothetical WIMPs with masses roughly 500 times that of a proton. The estimated frequency of these annihilation events based on the observed gamma ray intensity also fits within expected theoretical ranges.

Evaluating the Possibility of a Major Breakthrough

Totani explains that the gamma ray pattern cannot be easily matched to other known sources or more common astrophysical processes. Because of this, he views the data as a strong candidate for long-sought gamma ray emission from dark matter.

"If this is correct, to the extent of my knowledge, it would mark the first time humanity has 'seen' dark matter. And it turns out that dark matter is a new particle not included in the current standard model of particle physics. This signifies a major development in astronomy and physics," said Totani.

Next Steps and Independent Verification

Although Totani is confident in his analysis, he emphasizes that independent confirmation is essential. Other researchers will need to review the data to verify that the halolike radiation truly results from dark matter annihilation rather than another astrophysical source.

Further support could come from finding the same gamma ray signature in other regions rich in dark matter. Dwarf galaxies orbiting within the Milky Way halo are considered especially promising. "This may be achieved once more data is accumulated, and if so, it would provide even stronger evidence that the gamma rays originate from dark matter," said Totani.

Funding: This work was supported by JSPS/MEXT KAKENHI Grant Number 18K03692.
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Scientists find coastal seas acidifying shockingly fast | ScienceDaily
New research from the University of St Andrews reports that some coastal regions are on track to become far more acidic than scientists once believed. As additional atmospheric CO2 enters the air, it dissolves into the ocean more quickly than anticipated, driving a rapid drop in pH that threatens coastal industries and livelihoods around the world.


						
Because atmospheric CO2 and ocean pH (acidity) rise and fall together, any increase in CO2 above the ocean is soon reflected in the water below. This steady absorption of carbon makes seawater progressively more acidic over time.

Upwelling Systems Intensify Ocean Acidification

In a study published on November 13th in Nature Communications, the research team used the California Current as a case study and found that upwelling regions significantly intensify ocean acidification rather than simply reflecting atmospheric trends.

Upwelling occurs when deeper ocean layers, which are already nutrient rich and naturally acidic, move upward toward the shore. Organic material from surface waters sinks and is broken down by microbes in the deep ocean, a process that releases CO2 and increases acidity. When these deep waters rise again, they deliver this accumulated acidity back to the surface, where the water interacts with atmospheric CO2 and becomes even more acidic.

Historic Corals Reveal Long-Term Changes

To examine how acidity has evolved over time, the researchers analyzed historic coral samples and measured boron isotope signatures preserved in their skeletons. These records helped reconstruct changes in coastal acidity over the 20th century. The team then used a regional ocean model to estimate how acidity is likely to shift during the 21st century.




Their findings show that upwelling zones experience acidification rates that exceed those "expected" from atmospheric CO2 alone. The key factor is that upwelled water is already acidic, and rising CO2 from human activities further intensifies this effect.

Implications for Fisheries and Climate Change

Upwelling systems rank among the most biologically productive regions on Earth and play an essential role in supporting global fisheries. Understanding how these systems respond to rising CO2 is therefore vital for both ocean science and the long-term stability of fisheries that depend on them.

Co Author Dr. Hana Jurikova, Senior Research Fellow in the School of Earth and Environmental Science, said: "Predicting how upwelling systems will respond to climate change is highly complex, as anthropogenic influences interact with natural sources of ocean acidification. Our research shows that such interactions can amplify environmental change in the California Current System, highlighting the need for similar studies in other regions to better anticipate future change."

Global Upwelling Regions Show Similar Risks

The California Current is only one example of a much broader pattern. Other major upwelling systems include the Humboldt Current off Peru and the Benguela and Canary Currents along the west coast of Africa. Each of these regions may experience similar intensification of acidification as CO2 levels continue to rise.

Co Author Dr. James Rae, Reader in the School of Earth and Environmental Science, said: "the ocean becoming more acidic poses major risks to marine ecosystems and the communities and economies they support. The solutions we now have for climate change, like heat pumps and electric vehicles, also fix ocean acidification, so it's critical that we support them."
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242-million-year-old mini predator changes lizard evolution | ScienceDaily
A recently analyzed fossil from Devon is giving scientists a rare look at what the earliest members of the lizard lineage may have looked like, and the findings come with several unexpected twists, according to researchers at the University of Bristol. The work was published in Nature.


						
Today, lizards and their close relatives, including snakes and the distinctive tuatara from New Zealand, form the most diverse group of land vertebrates. With more than 12,000 species, they outnumber birds and mammals. Their collective group, known as Lepidosauria, has achieved remarkable success, raising long-standing questions about which early traits gave them such an advantage.

Reconsidering Early Lepidosaur Features

Scientists had anticipated that the earliest lepidosaurs would show traits also present in many modern lizards and snakes. These expected features included a partly hinged skull, an open lower temporal bar, and numerous teeth on the roof of the mouth (palate). In living species, these adaptations allow the animals to open their jaws extremely wide (skull hinge) and use palate teeth to secure struggling prey.

The lower temporal bar functions much like a cheek bone. It connects the cheek region to the jaw hinge and is missing in modern lizards and snakes. Although many living species share flexible skulls and other advanced traits, only the tuatara still retains a complete lower temporal bar, giving it a more ancestral appearance. The tuatara also maintains large palatal teeth, which further highlight its links to early reptiles.

Unexpected Anatomy Revealed

"The new fossil shows almost none of what we expected," said Dan Marke, who led the study as part of his MSc in Palaeobiology at Bristol. "It has no teeth on the palate, and no sign of any hinging. It does though have the open temporal bar, so one out of three. Not only this but it possesses some spectacularly large teeth compared to its closest relatives."

Advanced Scanning Exposes Hidden Details




"In modern paleontological studies we often X-ray scan the fossils," noted Dr. David Whiteside, a co-supervisor of the project. "But the exceptional resolution and quality of scans from synchrotron X-ray sources show us all the fine details and save any risk of damage.

"An earlier MSc student, Thitiwoot Sethapanichsakul, had worked on the regular scans and found fantastic detail, but it's so tiny -- the skull is only 1.5 cm long, and we could barely see the teeth. So, we were so grateful to be able to make synchrotron CT scans to get even finer resolution, using two powerful beamlines at the European Synchrotron Radiation Facility (France) and the Diamond Light Source (UK)."

A Tiny Skeleton With Remarkable Preservation

"When you look at the fossil, the whole skeleton sits in the palm of your hand," explained Michael Benton, another co-supervisor and Professor of Vertebrate Paleontology in the School of Earth Sciences at the University of Bristol.

"But after the scans and the hard work of our students cleaning up the scan data, we can see the most amazing detail. The new beast has relatively large triangular-shaped teeth and probably used these to pierce and shear the hard cuticles of its insect prey, pretty much as the tuatara does today."

A New Species With Unique Traits

"The new animal is unlike anything yet discovered and has made us all think again about the evolution of the lizard, snakes and the tuatara," said Dan Marke. "We had to give it a name to distinguish it from everything else, and we chose Agriodontosaurus helsbypetrae, quite a mouthful, meaning 'fierce toothed lizard from the Helsby rock" after the Helsby Sandstone Formation in which it was discovered.




"This specimen not only provides important information about the ancestral skull of all lepidosaurs but also builds on the growing knowledge that the tuatara, while often called a "living fossil"; belongs to a once-diverse order of ancient reptiles with a rich evolutionary history."

Tracing Early Reptile Evolution

The fossil dates to 242 million years ago during the Middle Triassic, just before the emergence of dinosaurs. From that point onward, lepidosaurs underwent several waves of diversification. Early forms likely slipped through the undergrowth beneath the feet of dinosaurs and succeeded by evolving a variety of strategies for capturing prey. These included flexible jaws and, in some lizards and snakes, venom.

A Chance Find on a Devon Beach

"When I found the specimen back in 2015 on the beach in Devon, I had no idea what it was because there was so little of it exposed," added Dr. Rob Coram. "It's been great to see such an amazing fossil coming from a site that has been providing fossils for 150 years."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251129044520.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Dinosaur mummy found with hooves and a hidden crest | ScienceDaily

With a combination of advanced imaging methods, the scientists were able to recreate what the dinosaur would have looked like in life. Their reconstruction reveals a tall crest running along the neck and torso, a row of spikes down the tail, and hooves that enclosed the toes. When these results are combined with fossilized footprints, the overall appearance of this duck-billed dinosaur, long speculated about but never documented with this level of precision, becomes much clearer.

"It's the first time we've had a complete, fleshed-out view of a large dinosaur that we can really feel confident about," said senior author Paul Sereno, PhD, Professor of Organismal Biology and Anatomy at UChicago. "The badlands in Wyoming where the finds were made is a unique 'mummy zone' that has more surprises in store from fossils collected over years of visits by teams of university undergrads."

Rediscovering Wyoming's dinosaur "mummy zone"

Using old field photographs and careful detective work, Sereno and his colleagues retraced the locations in east-central Wyoming where several classic dinosaur mummies had first been uncovered in the early 1900s. They mapped a compact "mummy zone" within these rock layers, which represent stacked river sands.

In this area, the team excavated two new Edmontosaurus mummies, a younger individual and a somewhat older one, both preserving large, continuous patches of the external skin surface. These fossils provided crucial pieces needed to build a full, fleshy profile of the animal.

Sereno emphasizes that these dinosaur mummies are very different from human-created mummies in Egyptian tombs; none of the original organic material is still present. In both the newly described specimens and earlier examples labeled as mummies (including those found at the same site in the 20th century), the preserved skin, spikes, and hooves exist not as tissue but as an extremely thin clay coating that formed on the outside of the carcass shortly after burial.




"This is a mask, a template, a clay layer so thin you could blow it away," Sereno said. "It was attracted to the outside of the carcass in a fluke event of preservation."

Ultra-thin clay films capture dinosaur skin in 3D

To investigate how these extraordinary fossils formed, the team used a suite of imaging and analytical approaches. These included hospital and micro-CT scans, thin sections, X-ray spectroscopy, clay mineral analyses, and a close study of the rock layers where the fossils were found. All lines of evidence pointed toward a specific sequence of events that produced this rare style of preservation.

The researchers propose that after the dinosaurs died, their bodies dried in the sun before being rapidly buried in sudden flash floods. A microbial film on the outer surface of the carcass then attracted clay particles from the surrounding wet sediment through electrostatic forces. This process created a wafer-thin clay template that faithfully captured the animal's outer shape in three dimensions. Over time, the soft tissues decayed away, leaving the clay film and the skeleton, which later fossilized on longer timescales.

Cleaning, scanning and digitally rebuilding the duckbill

Revealing a boundary as fragile as this paper-thin clay layer required painstaking work. Fossil Lab manager Tyler Keillor, a co-author on the study, led hours of meticulous preparation to uncover the crucial surfaces without destroying them.




Another group, led by postdoctoral scholar Evan Saitta, relied on 3D surface imaging, CT scans, and comparisons with fossil footprints from the same time period. They traced the preserved soft anatomy, examined the sediments inside and outside the mummy, and matched the dinosaur's hooves back into a footprint. Digital artists then worked alongside the scientists to create lifelike reconstructions that showed how the duckbill would have looked and moved as it walked across soft mud near the very end of the dinosaur age.

"I believe it's worth taking the time to assemble a dream team in order to generate science that can be appreciated by the general public," Sereno said. "We've never been able to look at the appearance of a large prehistoric reptile like this -- and just in time for Halloween."

Crest, spikes, scales and thin skin

Working from the two newly described mummies, the researchers were able to assemble a complete, fleshy outline of Edmontosaurus annectens.

"The two specimens complemented each other beautifully," Sereno said. "For the first time, we could see the whole profile rather than scattered patches."

They discovered a continuous feature running along the center of the back that started as a fleshy crest over the neck and torso. Over the hips, this structure shifted into a single row of spikes along the tail, with each spike aligned above a vertebra and fitting neatly with its neighbors.

The team also documented the dinosaur's scale patterns. The largest polygonal scales appeared along the lower body and tail, while most of the animal was covered in very small, pebble-like scales only 1-4 millimeters across, surprisingly tiny for a dinosaur that could reach more than 40 feet in length. Fine wrinkles preserved over the ribcage indicate that the skin of this duckbill was relatively thin.

Hooves and heel pads on a "hoofed" dinosaur

The most unexpected discovery came from the larger mummy's hind feet: this dinosaur had hooves. The tips of each of the three hind toes were enclosed in a wedge-shaped hoof with a flat underside, similar to that of a horse.

To confirm what these feet looked like in life, the researchers combined CT scans of the mummified feet with 3D images of the best-preserved duckbill footprint from the same time period, carefully aligning the bones and soft-tissue impressions. With this information, they produced a detailed reconstruction of the hind foot. Unlike the forefoot, which makes contact with the ground only through its hooves, the hind feet also included a fleshy heel pad behind the hooves.

"There are so many amazing 'firsts' preserved in these duck-billed mummies -- the earliest hooves documented in a land vertebrate, the first confirmed hooved reptile, and the first hooved four-legged animal with different forelimb and hindlimb posture," Sereno said.

A new toolkit for dinosaur soft-tissue research

Beyond revealing striking new anatomy, the research provides a practical framework for future studies of dinosaur soft tissue. The authors outline new preparation techniques, a clear set of terms for describing soft structures and scale types, a step-by-step imaging pathway from fossil specimen to fleshed-out model, and a recipe for how a dinosaur mummy can form under natural conditions.

Their work offers more than a series of isolated findings. It proposes a general model for dinosaur mummification based on clay templating, which can now be tested on other fossils that might have formed in similar ways.

The team also highlights the next steps: focused searches for additional specimens with this kind of preservation in the same Wyoming rock layers and in other regions; biomechanical studies that can now rely on accurate external body outlines; and complementary analyses designed to understand when and where clay templating is most likely to occur.

"This may be the single best paper I've released," Sereno said. "From field to lab to 3D reconstructions along with a suite of useful terms defined, it's a tour de force, and it tells a coherent story about how these remarkable fossils come to be and what we can learn from them."
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Fructose may quietly supercharge your inflammation | ScienceDaily
Despite major progress in medicine, infections caused by viruses and bacteria continue to rank among the leading causes of death worldwide. This has raised new scientific interest in understanding whether certain nutrients might influence the body's defense system. A team led by Ina Bergheim from the Department of Nutritional Sciences at the University of Vienna has shown for the first time that monocytes, a group of important immune cells found in the bloodstream, react more intensely to bacterial toxins after people consume fructose -- and this reaction is harmful rather than protective. The researchers found that levels of receptors that recognize bacterial toxins rose, making the body more prone to inflammation. The results were published in Redox Biology.


						
To investigate this effect, the researchers carried out two randomized studies involving healthy adults. They compared the immune response after drinking beverages sweetened with fructose to the response after drinking glucose-sweetened beverages. The team also examined isolated monocytes and used cell culture tests to explore the underlying biological mechanisms in greater detail.

Fructose Increases Toxin-Sensing Receptors in Immune Cells

Their findings showed that fructose intake, unlike glucose, led to higher concentrations of Toll-like receptor 2 in monocytes. Toll-like receptor 2 plays a key role in controlling how the immune system reacts. The rise in this receptor was linked to greater sensitivity to lipoteichoic acid, a bacterial toxin. "The concentration of receptors for such toxins in the body increased, which means that the inflammatory response increased," explains study leader Ina Bergheim from the University of Vienna. The researchers also reported increased release of pro-inflammatory messengers, including interleukin-6, interleukin-1b and tumor necrosis factor-alpha.

"These findings make an important contribution to understanding how individual food components and fructose in particular can influence the immune system," says Bergheim. "They indicate that even short-term, high fructose consumption in healthy people can influence the immune system and increase inflammation."

Broader Health Implications of High Fructose Intake

According to the researchers, future work should examine how long-term, elevated fructose consumption may affect immune function and infection risk, especially in people who already face health challenges such as type II diabetes mellitus or fatty liver disease, which is associated with metabolic dysfunction. "Sugar, especially the fructose in sugary drinks and sweets, has long been suspected of increasing the risk of developing metabolic diseases -- this needs to be investigated," says Bergheim.
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Your skin has a built-in cancer defense and sunlight turns it off | ScienceDaily
Sunlight plays an important role in human health because it helps the body synthesize essential nutrients such as vitamin D. At the same time, spending too long in the sun can greatly increase the likelihood of developing skin cancer.


						
In a new study in Nature Communications, scientists at the University of Chicago report how long-term exposure to ultraviolet (UV) radiation can set off inflammatory reactions in skin cells by breaking down a key protein called YTHDF2. This protein acts like a gatekeeper that helps stop normal skin cells from turning cancerous. The researchers showed that YTHDF2 is central to controlling RNA metabolism so that cells remain healthy, and their work points to possible new strategies for preventing and treating skin cancer.

UV Radiation, Inflammation, and Rising Skin Cancer Cases

Every year, almost 5.4 million people in the United States receive a skin cancer diagnosis, and more than 90% of these cases are linked to excessive UV exposure. UV radiation can injure DNA and generate oxidative stress in skin cells, which in turn triggers inflammation that causes the familiar redness, pain, and blistering of sunburn.

"We're interested in understanding how inflammation caused by UV exposure contributes to the development of skin cancer," said Yu-Ying He, PhD, Professor of Medicine in the Section of Dermatology at the University of Chicago.

RNA, or ribonucleic acid, is a crucial molecule that helps translate genetic information into proteins. One important group of RNA molecules, known as non-coding RNAs, regulates gene activity without making proteins. These non-coding RNAs usually carry out their functions either in the nucleus, where the cell's DNA is located, or in the cytoplasm, where most cellular processes occur.

How YTHDF2 Helps Protect Skin Cells

He's laboratory focuses on how environmental stressors, including UV radiation and arsenic in drinking water, disrupt molecular pathways and damage cellular systems in ways that promote cancer. In their experiments, the team screened multiple enzymes and discovered that UV exposure significantly lowers the amount of YTHDF2 in cells. YTHDF2 is a "reader" protein that specifically recognizes RNA sequences tagged with a chemical modification called N6-methyladenosine (m6A).




"When we removed YTHDF2 from skin cells, we saw that UV-triggered inflammation was much worse," He said. "This suggests that the YTHDF2 protein plays a key role in suppressing inflammatory responses."

Inflammation is vital for defending the body against infections, but if it is not carefully controlled, it can drive serious diseases, including cancer. The detailed molecular mechanisms that keep this response in check after UV damage, however, are still not fully understood.

Non-Coding RNA, Immune Sensors, and UV Stress

Using multi-omics approaches and additional cell-based tests, the researchers showed that YTHDF2 binds to a particular non-coding RNA called U6, which carries an m6A modification and is categorized as a small nuclear RNA (snRNA). Under UV stress, cancer cells accumulated higher levels of U6 snRNA, and these modified RNAs were found to interact with toll-like receptor 3 (TLR3), an immune sensor known to trigger inflammatory pathways associated with cancer.

Unexpectedly, these interactions took place inside structures called endosomes, cellular compartments that usually help recycle materials rather than host U6 snRNA.

"We spent a lot of time figuring out how these non-coding RNAs get to the endosome, since that's not where they usually reside," He explained. "For the first time, we showed that a protein called SDT2 transports U6 into the endosome, and YTHDF2 travels with it."

A Cellular Surveillance System Against Excessive Inflammation




Once YTHDF2 and m6A-modified U6 RNA reach the endosome, YTHDF2 prevents the RNA from activating TLR3. When YTHDF2 is missing, such as after UV-induced damage, U6 RNA can bind freely to TLR3 and set off harmful inflammatory responses.

"Our study uncovers a new layer of biological regulation, a surveillance system through YTHDF2 that helps protect the body from excessive inflammation and inflammatory damage," He said.

This newly described pathway suggests potential strategies for preventing or treating UV-induced skin cancer by targeting the interactions between RNA and proteins that control inflammation.

The study, "YTHDF2 regulates self non-coding RNA metabolism to control inflammation and tumorigenesis," was supported by grants from the National Institutes of Health, the University of Chicago Medicine Comprehensive Cancer Center, the ChicAgo Center for Health and EnvironmenT (CACHET), and the University of Chicago Friends of Dermatology Endowment Fund.

Additional authors include Seungwon Yang, Yan-Hong Cui, Haixia Li, Jiangbo Wei, Gayoung Park, Ming Sun, Michelle Verghese, Emma Wilkinson, Teresa Nam, Linnea Louise Lungstrom, Xiaolong Cui, Tae Young Ryu, Jing Chen, Marc Bissonnette, and Chuan He from the University of Chicago
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Scientists find a hidden obesity trigger in soybean oil | ScienceDaily
Soybean oil is the most commonly used cooking oil in the United States and appears in a wide range of processed foods. Research is now shedding light on how this highly consumed ingredient contributes to obesity in mice.


						
In a University of California, Riverside experiment, most mice fed a high-fat diet rich in soybean oil put on substantial weight. A separate group of genetically engineered mice did not, even though their diets were the same. These modified mice produced a slightly altered version of a liver protein that affects hundreds of genes involved in fat metabolism. The altered protein also changes how the body handles linoleic acid, one of the primary components of soybean oil.

"This may be the first step toward understanding why some people gain weight more easily than others on a diet high in soybean oil," said Sonia Deol, a UCR biomedical scientist and corresponding author of the study published in the Journal of Lipid Research.

How Differences in Liver Proteins May Influence Metabolism

Humans produce both versions of the liver protein HNF4a, but the alternative form generally appears only in special situations, including chronic illness or metabolic stress from fasting or alcoholic fatty liver. Variations in this protein, along with individual differences in age, sex, genetics, and medications, may help explain why some people are more vulnerable to the metabolic impact of soybean oil.

The new findings expand on previous UCR research linking soybean oil to weight gain. "We've known since our 2015 study that soybean oil is more obesogenic than coconut oil," said Frances Sladek, a UCR professor of cell biology. "But now we have the clearest evidence yet that it's not the oil itself, or even linoleic acid. It's what the fat turns into inside the body."

Oxylipins and the Body's Response to Linoleic Acid

Inside the body, linoleic acid is broken down into compounds known as oxylipins. Too much linoleic acid can result in elevated oxylipin levels, which are tied to inflammation and fat buildup.




The genetically engineered, or transgenic, mice produced far fewer oxylipins and had healthier liver tissue despite consuming the same soybean oil-rich diet as normal mice. They also showed better mitochondrial function, which may contribute to their resistance to weight gain.

Researchers identified specific oxylipins created from linoleic acid and alpha-linolenic acid, another fatty acid found in soybean oil. These molecules were required for weight gain in regular mice.

Why Oxylipins Alone Do Not Explain Obesity Risk

Transgenic mice on a low-fat diet still had elevated oxylipins but did not become obese. This suggests that oxylipins do not cause weight gain by themselves and that other metabolic conditions must also be involved.

Additional analysis showed that these altered mice had far lower levels of two enzyme families that convert linoleic acid into oxylipins. These enzymes operate similarly in all mammals, including humans, and their levels vary based on genetics, diet, and other biological factors.

The researchers also reported that only oxylipins in liver tissue, not those circulating in the blood, correlated with body weight. This indicates that standard blood tests may not reliably show early metabolic changes driven by diet.




Rising Soybean Oil Intake and Potential Health Impacts

Soybean oil consumption in the U.S. has increased dramatically over the past century, rising from about 2% of total calories to nearly 10% today. Although soybeans provide plant-based protein and the oil contains no cholesterol, excessive intake of linoleic acid from sources including ultra-processed foods may be contributing to chronic metabolic problems.

The UCR team also found that mice consuming soybean oil had higher cholesterol levels, despite the oil itself containing no cholesterol.

Exploring Other High-Linoleic Oils

Researchers are now examining how oxylipins lead to weight gain and whether similar reactions occur with other oils high in linoleic acid, including corn, sunflower, and safflower oils.

"Soybean oil isn't inherently evil," Sladek said. "But the quantities in which we consume it is triggering pathways our bodies didn't evolve to handle."

While human trials are not currently planned, the scientists hope their work will inform future studies and guide nutrition-related policy.

"It took 100 years from the first observed link between chewing tobacco and cancer to get warning labels on cigarettes," Sladek said. "We hope it won't take that long for society to recognize the link between excessive soybean oil consumption and negative health effects."
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A backwards Bible map that changed the world | ScienceDaily
The first Bible to include a map of the Holy Land appeared in 1525, exactly 500 years ago. The map had a major flaw: it was printed the wrong way round, showing the Mediterranean to the East. Despite this error, a new Cambridge study explains that the map's appearance in print helped set in motion ideas about territory and borders that still influence thinking today.


						
"This is simultaneously one of publishing's greatest failures and triumphs," says Nathan MacDonald, Professor of the Interpretation of the Old Testament at the University of Cambridge.

"They printed the map backwards so the Mediterranean appears to the east of Palestine. People in Europe knew so little about this part of the world that no one in the workshop seems to have realized. But this map transformed the Bible forever and today most Bibles contain maps."

How a Renaissance Map Reframed the Bible

In research published on November 29 in The Journal of Theological Studies, MacDonald argues that the map created by Lucas Cranach the Elder and printed in Zurich did more than update biblical layouts for the Renaissance. It also helped shape early thinking about territorial organization.

"It has been wrongly assumed that biblical maps followed an early modern instinct to create maps with clearly marked territorial divisions," MacDonald says. "Actually, it was these maps of the Holy Land that led the revolution.

"As more and more people gained access to Bibles from the 17th century, these maps spread a sense of how the world ought to be organized and what their place within it was. This continues to be extremely influential."

Rare Survivors of the 1525 Edition




Very few copies of Christopher Froschauer's 1525 Old Testament still exist. Trinity College Cambridge's Wren Library holds one of the remaining examples (see image).

Inside this edition, Cranach's map presents the stations of the wilderness wanderings and the division of the Promised Land into twelve tribal regions. These divisions were a distinctly Christian interpretation, expressing a claim to the sacred sites of both the Old and New Testaments. Cranach's work drew on medieval mapping traditions where Israel appeared as long, narrow strips of land, reflecting earlier reliance on the 1st century AD Jewish historian Josephus, who simplified conflicting biblical descriptions.

According to MacDonald, "Joshua 13-19 doesn't offer an entirely coherent, consistent picture of what land and cities were occupied by the different tribes. There are several discrepancies. The map helped readers to make sense of things even if it wasn't geographically accurate."

Mapping the Bible in the Swiss Reformation

A literal interpretation of scripture was especially important in the Swiss Reformation, which is why, MacDonald explains, "It's no surprise that the first Bible map was published in Zurich."

MacDonald, a Fellow of St John's College Cambridge, notes that as interest in literal readings increased, maps became a tool to show that biblical events unfolded in identifiable places and real time.




In a Reformation context where certain religious images were restricted, maps of the Holy Land became acceptable visual aids and took on devotional significance.

"When they cast their eyes over Cranach's map, pausing at Mount Carmel, Nazareth, the River Jordan and Jericho, people were taken on a virtual pilgrimage," MacDonald says. "In their mind's eye, they traveled across the map, encountering the sacred story as they did so."

A Turning Point in the Bible's Long Evolution

MacDonald argues that the addition of Cranach's map was a major milestone in the Bible's development and deserves more recognition. Other key moments include the shift from scrolls to bound books, the 13th century creation of the first portable one-volume Bible (The Paris Bible), the introduction of chapters and verses, new Reformation prefaces, and the 18th century recognition of prophetic writings as Hebrew poetry. "The Bible has never been an unchanging book," MacDonald says. "It is constantly transforming."

How Biblical Maps Helped Create Modern Borders

In medieval maps, the tribal divisions of the Holy Land symbolized spiritual inheritance for Christians. By the late fifteenth century, however, the lines originally drawn in biblical maps began spreading into maps of the wider world. These lines came to represent political borders. At the same time, these new ideas about political authority were read back into biblical texts.

"Bible maps delineating the territories of the twelve tribes were powerful agents in the development and spread of these ideas," MacDonald says. "A text that is not about political boundaries in a modern sense became an instance of God's ordering of the world according to nation-states."

"Lines on maps started to symbolize the limits of political sovereignties rather than the boundless divine promises. This transformed the way that the Bible's descriptions of geographical space were understood."

"Early modern notions of the nation were influenced by the Bible, but the interpretation of the sacred text was itself shaped by new political theories that emerged in the early modern period. The Bible was both the agent of change, and its object."

Why These Ideas Still Matter

"For many people, the Bible remains an important guide to their basic beliefs about nation states and borders," MacDonald says. "They regard these ideas as biblically authorized and therefore true and right in a fundamental way."

MacDonald points to a recent US Customs and Border Protection recruitment film in which a border agent quotes Isaiah 6:8 -- 'Then I heard the voice of the Lord saying, "Whom shall I send? And who will go for us?"' -- while flying above the US-Mexico border in a helicopter.

Professor MacDonald is concerned that many people continue to treat modern borders as if they were clearly defined in scripture. "When I asked ChatGPT and Google Gemini whether borders are biblical, they both simply answered 'yes'. The reality is more complex," he says.

"We should be concerned when any group claims that their way of organizing society has a divine or religious underpinning because these often simplify and misrepresent ancient texts that are making different kinds of ideological claims in very different political contexts."
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RSV prevention in newborns could cut asthma risk | ScienceDaily
Belgian researchers from VIB and Ghent University (UGent), working with partners in Denmark, have found strong evidence that infection with respiratory syncytial virus (RSV) early in infancy sharply raises the likelihood of developing childhood asthma. The effect is especially pronounced in children who have a family history of allergies or asthma.


						
The findings, published on November 28 in Science Immunology, indicate that protecting newborns from RSV could meaningfully lower asthma rates later in life.

Understanding early asthma risks

Across Europe, 5-15% of children live with asthma, a long-term condition that can affect day-to-day well-being, place a heavy strain on families, and carry significant costs for society. Because of this, discovering effective ways to reduce asthma risk before symptoms begin has become a major health priority.

"Childhood asthma is a complex disease with many contributing factors," explains Prof. Bart Lambrecht (VIB-UGent Center for Inflammation Research), senior author of the study. "We found that early-life RSV infection and genetic allergy risk interact in a very specific way that pushes the immune system toward asthma. The encouraging news is that this process can be prevented."

How RSV and inherited allergy risk work together

To explore this relationship, the team combined nationwide health registry information from all Danish children and their parents with controlled laboratory studies. This approach revealed how an early viral infection can magnify the impact of inherited allergy risk.




The researchers found that infants who suffer severe RSV infections in their first months of life are more likely to develop immune responses that overreact to common allergens, including house dust mites. This tendency becomes even stronger when asthma or allergy runs in the family, since allergen-specific antibodies passed from parents to their newborns increase sensitivity further.

Evidence that prevention could change long-term outcomes

A key part of the work showed that protecting newborns from RSV in experimental models prevented these immune system shifts altogether. As a result, asthma did not develop.

"With RSV prevention now becoming widely accessible, we have an opportunity to improve long-term respiratory health, not just prevent RSV hospitalizations," says Prof. Hamida Hammad (VIB-UGent), co-senior author. "This is not just a laboratory insight. It's a message that should help parents choose RSV prevention with confidence."

Maternal vaccination during the third trimester of pregnancy and passive immunization of newborns using long-acting antibodies are being rolled out in many countries. However, uptake has been uneven, even though these tools are highly effective at preventing RSV hospitalizations.

"This is a moment where policy, science, and pediatricians can come together," Lambrecht adds. "If preventing RSV infection also reduces asthma risk, the benefits for families and health systems could be enormous."

This work was supported by the European Research Council, the University of Ghent, and Research Foundation -- Flanders (FWO).
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Repeated head impacts may quietly break the brain's cleanup system | ScienceDaily
A new study examining cognitively impaired professional boxers and mixed martial arts fighters reports that the brain's waste-clearing system appears to weaken after repeated blows to the head. These findings are scheduled to be presented next week at the annual meeting of the Radiological Society of North America (RSNA).


						
Sports-related traumatic brain injuries represent up to 30 percent of all brain injury cases, with boxing and mixed martial arts among the leading contributors. Sustained head impacts over time are known risk factors for both neurodegenerative and neuropsychiatric conditions.

How the Glymphatic System Removes Waste From the Brain

The glymphatic system consists of fluid-filled channels that help flush waste materials from the brain. Its function is somewhat similar to the lymphatic system that operates throughout the body.

"The recently discovered glymphatic system is like the brain's plumbing and garbage disposal system," said Dhanush Amin, M.D., the study's lead author and a researcher at the University of Alabama at Birmingham and Cleveland Clinic Nevada. "It's vital for helping the brain flush out metabolites and toxins."

To study this system, the researchers used diffusion tensor imaging along the perivascular space (DTI-ALPS), a specialized MRI method that measures how water moves in and around the channels linked to glymphatic flow. These pathways also help maintain fluid balance, deliver nutrients and immune cells, and provide protection against injury.

MRI Biomarkers Reveal Early Signs of Brain Decline

The DTI-derived ALPS index is a non-invasive marker of glymphatic function. Lower ALPS values can indicate cognitive decline and have been associated with the development of conditions such as Alzheimer's and Parkinson's disease.




"When this system doesn't work properly, damaging proteins can accumulate, which have been linked to Alzheimer's and other forms of dementia," said Dr. Amin, now an assistant professor of neuroradiology at the University of Arkansas for Medical Sciences. "Studying this system gives us a new window into understanding and possibly slowing memory loss."

Their analysis drew from baseline data in Cleveland Clinic's Professional Athletes Brain Health Study (PABHS), which tracks roughly 900 active fighters, about 300 of whom have been monitored for at least three years. For this study, the team evaluated information from 280 athletes. Among them, 95 showed cognitive impairment at the start of the study, and 20 healthy individuals served as demographically matched controls.

Higher Initial Glymphatic Activity Followed by Decline

Using the DTI-ALPS technique, the researchers evaluated glymphatic activity among all participants and examined how the DTI-derived ALPS index related to the number of knockouts each athlete had experienced. They also compared impaired fighters with those who showed no cognitive impairment.

"We thought repeated head impacts would cause lower ALPS in cognitively impaired fighters compared to non-impaired fighters," Dr. Amin said. "We also expected the ALPS measurement to be significantly correlated with the total number of knockouts in the impaired fighters."

Their results were unexpected. Impaired athletes showed significantly higher glymphatic index values at first, but those values fell sharply over time as the number of knockouts increased. Glymphatic function continued to drop in fighters who sustained ongoing head trauma.




"We believe that the glymphatic index was initially high in the impaired athlete group because the brain initially responds to repeated head injuries by ramping up its cleaning mechanism, but eventually, it becomes overwhelmed," Dr. Amin said. "After a certain point, the brain just gives up."

The study also noted that athletes without cognitive impairment had lower right-sided and overall glymphatic index values than impaired fighters. The pattern of how glymphatic activity related to knockout history differed significantly between the two groups.

Early Detection Could Protect the Long-Term Brain Health of Fighters

Dr. Amin emphasized that understanding how repeated head impacts affect the glymphatic system is essential for identifying neurodegenerative risk early in athletes who participate in contact sports.

"If we can spot glymphatic changes in the fighters before they develop symptoms, then we might be able to recommend rest or medical care or help them make career decisions to protect their future brain health," he said.

Co-authors on the study are Gaurav Nitin Rathi, M.S., Charles Bernick, M.D., and Virendra Mishra, Ph.D.
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        Simple nutrient mix delivers surprising autism breakthrough in mice
        A low-dose mix of zinc, serine, and branched-chain amino acids boosted neural function and social behavior in autism mouse models. The combination restored more typical synaptic protein patterns and reduced excessive amygdala activity. Individual supplements had no effect, showing that the nutrients must work together. The findings point toward a promising multi-nutrient strategy for influencing brain circuits involved in autism.

      

      
        Daily coffee may slow biological aging in mental illness
        Researchers studying people with major psychiatric disorders found that drinking up to four cups of coffee a day is associated with longer telomeres. This suggests a potential slowing of biological aging by about five years. However, drinking five or more cups showed no benefit and may even contribute to cellular damage. Coffee's antioxidant and anti-inflammatory properties may help explain the effect.

      

      
        Scientists capture flu viruses surfing into human cells in real time
        Scientists have captured a never-before-seen, high-resolution look at influenza's stealthy invasion of human cells, revealing that the cells aren't just helpless victims. Using a groundbreaking imaging technique, researchers discovered that our cells actually reach out and "grab" the virus as it searches for the perfect entry point, surfing along the membrane.

      

      
        Scientists reveal what really drives the "freshman 15"
        College life creates a perfect storm for overeating, as students consume more calories when surrounded by friends, eating in dining halls, or following unstructured schedules. A four-week study using a mobile app revealed that students often underestimate how much they eat, especially in social or formal dining settings. Emotional influences, gender differences, and environmental cues all contribute to this subtle but consistent rise in intake.

      

      
        A common constipation drug shows a surprising ability to protect kidneys
        A surprising link between constipation and kidney decline led researchers to test lubiprostone, revealing that it can protect kidney function. The results point toward gut-based, mitochondria-boosting therapies as a promising new avenue for CKD care.

      

      
        Gas stoves are filling millions of homes with hidden toxic air
        Stanford researchers found that gas stoves expose Americans to surprisingly high levels of nitrogen dioxide--often matching or exceeding outdoor pollution. For millions, cooking alone pushes NO2 over long-term safety thresholds. Smaller homes, renters, and rural households face the highest concentrations. Cleaner cooking technologies could substantially reduce the risks.

      

      
        A routine shingles shot may offer powerful defense against dementia
        A unique vaccine rollout in Wales gave researchers an accidental natural experiment that revealed a striking reduction in dementia among seniors who received the shingles vaccine. The protective effect held steady across multiple analyses and was even stronger in women. Evidence also suggests benefits for people who already have dementia, hinting at a therapeutic effect.

      

      
        Your sweat reveals health problems long before symptoms appear
        Sweat carries a rich mix of biomarkers that advanced wearables can now track in real time. New AI-powered patches analyze biochemical patterns to detect disease risks, medication levels, or stress responses. Researchers are building ultra-sensitive microfluidic devices to read glucose, cortisol, and more--without needles or blood draws. The tech is still emerging, but its potential is huge.

      

      
        A 70-year-old pregnancy drug just revealed a hidden weakness in brain cancer
        Researchers have solved the decades-old mystery behind how a common pregnancy drug lowers blood pressure. It turns out the medication blocks a fast-acting "oxygen alarm" inside cells. That same alarm helps brain tumors survive, meaning the drug unexpectedly weakens them, too. The discovery could inspire better treatments for both preeclampsia and brain cancer.

      

      
        Scientists discover first gene proven to directly cause mental illness
        Scientists have discovered that a single gene, GRIN2A, can directly cause mental illness--something previously thought to stem only from many genes acting together. People with certain variants of this gene often develop psychiatric symptoms much earlier than expected, sometimes in childhood instead of adulthood. Even more surprising, some individuals show only mental health symptoms, without the seizures or learning problems usually linked to GRIN2A.

      

      
        Scientists boost lifespan by 70% in elderly male mice using simple drug combo
        Scientists found that combining oxytocin with an Alk5 inhibitor revitalized extremely old male mice, boosting their lifespan and strength. Female mice showed only short-term improvements, highlighting a major sex difference in aging biology. The therapy restored youthful protein patterns in blood and targeted key pathways that drive tissue decline. Because the components are already clinically accessible, this approach could move toward human testing.

      

      
        A long-overlooked weak point in your DNA has just been revealed
        Scientists discovered that the first 100 base pairs of human genes are unusually prone to mutations, especially during the earliest stages of embryonic development. These mosaic mutations often go undetected yet can still be passed on and cause disease. Large-scale genome analyses show that genes tied to cancer and brain function are particularly affected, with natural selection filtering out harmful variants. The study highlights the need to adjust genetic models and rethink how researchers iden...

      

      
        Is your gut being poisoned? Scientists reveal the hidden impact of everyday chemicals
        Researchers discovered that 168 common chemicals can disrupt the growth of beneficial gut bacteria, with some also promoting antibiotic resistance. Many of these substances--found in food, water, and household items--weren't previously suspected of affecting living organisms. A new machine learning model now predicts which chemicals may harm the microbiome. The findings suggest safety testing must expand to consider gut health.

      

      
        Fast depression relief? Nitrous oxide shows remarkable potential
        Nitrous oxide may offer quick, short-term relief for people with major depression, especially those who haven't responded to standard medications. The meta-analysis found rapid improvements after a single dose and more sustained benefits after repeated treatments. Side effects were generally mild and brief, though researchers stress the need for larger, longer-term studies.

      

      
        Doctors are seeing more aggressive breast cancer in younger women than expected
        Younger women are being diagnosed with breast cancer more often than screening guidelines anticipate. Many of these cancers are invasive and harder to treat, especially in those under 40. After analyzing 11 years of data, researchers found that this age group makes up a steady and significant share of diagnoses. The results support a stronger push for earlier risk evaluation.

      

      
        New brain imaging breakthrough reveals clues to Parkinson's
        A high-speed "zap-and-freeze" method is giving scientists their clearest view yet of how brain cells send messages. By freezing tissue at the instant a signal fires, researchers revealed how synaptic vesicles behave in both mouse and human neurons. These insights could help explain why most Parkinson's cases emerge without inherited genetic changes. The technique may also point to promising new research paths for therapy development.

      

      
        Scientists reveal five big moments when your brain dramatically changes
        A large study of brain scans shows that our neural wiring evolves through five major stages from birth to late old age. These phases are separated by sudden turning points that mark big shifts in how the brain is organized. The most surprising discovery is that adolescent-style development lasts into our early thirties. The work helps explain changing abilities and risks at different points in life.

      

      
        New research reveals the hidden organism behind Lake Erie's toxic blooms
        Dolichospermum, a type of cyanobacteria thriving in Lake Erie's warming waters, has been identified as the surprising culprit behind the lake's dangerous saxitoxins--some of the most potent natural neurotoxins known. Using advanced genome sequencing, researchers uncovered that only certain strains produce the toxin, and that warmer temperatures and low ammonium levels may tip the ecological balance in their favor.

      

      
        Scientists discover hidden switch that helps cancer cells survive
        Researchers have found a small but powerful switch inside breast cancer cells that helps them survive stressful conditions. When this switch flips, the cells activate protective programs that make them tougher and faster-growing. The finding reveals how tumors use stress to their benefit. It may open up new possibilities for therapies.

      

      
        New study finds cancer-linked compounds in common foods
        Scientists have found that common foods can contain hidden contaminants formed during cooking or through environmental exposure. A new testing method called QuEChERS helps identify these chemicals more quickly and with greater ease. The research showed strong accuracy and high sensitivity across multiple food samples. This streamlined approach could improve food safety checks while reducing chemical waste.

      

      
        Scientists discover a hidden brain circuit that rewrites vision
        MIT scientists found that what we see is strongly influenced by how alert or active we are. Parts of the brain responsible for planning and control send specialized signals that either boost or quiet visual details. These areas seem to balance each other, sharpening important information while dimming distractions. The study shows vision is constantly being shaped by our internal state.

      

      
        Why some memories last a lifetime while others fade fast
        Scientists have uncovered a stepwise system that guides how the brain sorts and stabilizes lasting memories. By tracking brain activity during virtual reality learning tasks, researchers identified molecules that influence how long memories persist. Each molecule operates on a different timescale, forming a coordinated pattern of memory maintenance. The discoveries reshape how scientists understand memory formation.

      

      
        Simple thyroid check in pregnancy may lower autism risk
        Researchers have found that ongoing thyroid hormone imbalance in pregnancy may be linked to higher autism risk in children. Treated thyroid disorders did not show the same effect. The longer the imbalance lasted across trimesters, the more the risk appeared to rise. The study underscores the need for consistent thyroid monitoring.

      

      
        Scientists discover hidden wolf DNA in most dogs
        Researchers studying thousands of canine genomes discovered that wolf DNA is still present in most dog breeds. This ancient genetic influence shows up in traits like body size, behavior, and environmental resilience. Even dogs bred far from wolves, including tiny chihuahuas, carry detectable wolf ancestry. The findings highlight how deeply intertwined the histories of dogs and wolves really are.

      

      
        Millions are about to choose the wrong Medicare plan
        Millions face Medicare decisions each year, but many don't take advantage of tools that can save them money and stress. Insurance marketing often overshadows unbiased options like SHIP, leaving people unaware of better choices. Comparing real costs--not just premiums--can prevent unpleasant surprises, especially when provider networks or drug rules change. New assistance programs for low-income adults offer valuable help for 2026.

      

      
        Fructose may quietly supercharge your inflammation
        Researchers found that fructose can prime immune cells to overreact to bacterial toxins. In healthy adults, fructose-sweetened drinks increased receptors that trigger inflammation. This heightened sensitivity may contribute to greater infection risk. The effects could be even more dangerous in people with metabolic diseases.

      

      
        Your skin has a built-in cancer defense and sunlight turns it off
        Scientists have uncovered how too much sunlight can flip a hidden switch inside skin cells that makes inflammation spiral out of control and increases the risk of cancer. Their research reveals that UV radiation breaks down a protective protein called YTHDF2, which normally prevents a small RNA signal from activating an immune sensor linked to dangerous inflammation. Once that protection is lost, a surprising chain reaction unfolds inside the cell, turning ordinary sun damage into a potential can...

      

      
        Scientists find a hidden obesity trigger in soybean oil
        Researchers at UC Riverside have uncovered why soybean oil, one of America's most widely consumed ingredients, drives significant weight gain--at least in mice. The findings point not to the oil itself but to the fat-derived molecules it produces inside the body, called oxylipins, which can trigger inflammation, alter liver function, and influence genes tied to metabolism.

      

      
        RSV prevention in newborns could cut asthma risk
        Scientists found that RSV infection early in life can set the stage for childhood asthma, particularly in kids already genetically prone to allergies. The virus appears to skew the developing immune system toward exaggerated responses to everyday allergens. But when newborns were protected from RSV, asthma development was prevented. The results point to a powerful added benefit of RSV prevention tools now being rolled out globally.

      

      
        Where cannabis stores cluster, emergency visits climb
        Researchers analyzed data from over six million people to see how close residents lived to cannabis retailers. Neighborhoods near these shops experienced higher cannabis-related emergency visits compared with those farther away. The effect was strongest where multiple stores were packed into small areas. These trends suggest that store density plays a meaningful role in community health.

      

      
        Repeated head impacts may quietly break the brain's cleanup system
        Researchers found that repeated head impacts can disrupt a key system that helps the brain wash away waste. In professional fighters, this system initially seems to work harder after trauma, then declines over time. MRI scans revealed that these changes may show up years before symptoms do. The work could help identify at-risk athletes earlier in their careers.

      

      
        Scientists find toxic metals hidden in popular plastic toys
        A large-scale Brazilian study found dangerous levels of toxic metals in popular children's toys, with barium and lead topping the list. Researchers used sophisticated lab methods to identify 21 hazardous elements and test how easily they could be released when toys are mouthed. Even though only small fractions leach out, the total concentrations were so high that safety concerns remain critical.

      

      
        A popular "essential" medicine may be putting unborn babies at risk
        A major review across 73 countries finds that access to antiseizure medications is rising, but safe prescribing isn't keeping pace. Valproate--linked to serious birth defects--remains widely used in many regions despite WHO warnings. Limited access to newer drugs means millions may still be at risk. Researchers urge global education and stronger safeguards.

      

      
        Hidden blood molecules show surprising anti-aging power
        Scientists have identified new anti-aging compounds produced by a little-studied blood bacterium. These indole metabolites were able to reduce inflammation, oxidative stress, and collagen-damaging activity in skin cell cultures. Three of the compounds, including two never seen before, showed particularly strong effects. The findings hint at a surprising new source for future skin-rejuvenation therapies.

      

      
        Scientists uncover the brain's hidden learning blocks
        Princeton researchers found that the brain excels at learning because it reuses modular "cognitive blocks" across many tasks. Monkeys switching between visual categorization challenges revealed that the prefrontal cortex assembles these blocks like Legos to create new behaviors. This flexibility explains why humans learn quickly while AI models often forget old skills. The insights may help build better AI and new clinical treatments for impaired cognitive adaptability.

      

      
        Scientists studied 47,000 dogs on CBD and found a surprising behavior shift
        Data from over 47,000 dogs reveal that CBD is most often used in older pets with chronic health issues. Long-term CBD use was linked to reduced aggression, though other anxious behaviors didn't improve. The trend was strongest among dogs whose owners lived in cannabis-friendly states.

      

      
        Bird flu's surprising heat tolerance has scientists worried
        Researchers discovered why bird flu can survive temperatures that stop human flu in its tracks. A key gene, PB1, gives avian viruses the ability to replicate even at fever-level heat. Mice experiments confirmed that fever cripples human-origin flu but not avian strains, especially those with avian-like PB1. These findings highlight how gene swapping could fuel future pandemics.

      

      
        Polluted air quietly erases the benefits of exercise
        Long-term inhalation of toxic air appears to dull the protective power of regular workouts, according to a massive global study spanning more than a decade and over a million adults. While exercise still helps people live longer, its benefits shrink dramatically in regions with heavy fine particle pollution--especially above key PM2.5 thresholds common in many parts of the world. The researchers emphasize that outdoor activity shouldn't stop, but better air quality could unlock far greater health ...

      

      
        This simple warm-up trick instantly boosts speed and power
        Warming up significantly improves muscle performance, particularly speed and power, by increasing muscle temperature. Both passive heat methods and light exercise warm-ups work, but mimicking the actual workout movements can offer extra benefits. When your body starts to feel coordinated and lightly sweaty, you're ready to push into the main session.

      

      
        Hidden mitochondrial DNA damage may be a missing link in disease
        Researchers identified a new, sticky form of mitochondrial DNA damage that builds up at dramatically higher levels than in nuclear DNA. These lesions disrupt energy production and activate stress-response pathways. Simulations show the damage makes mtDNA more rigid, possibly marking it for removal. The finding offers fresh clues to inflammation, aging, and diseases such as diabetes and neurodegeneration.

      

      
        Why more cannabis users are landing in the ER with severe vomiting
        Chronic cannabis use is increasingly linked to recurring bouts of vomiting, now officially classified as cannabis hyperemesis syndrome. The new ICD code helps doctors identify cases more consistently and gives researchers a clearer picture of how often it occurs. Patients often resist the diagnosis, and the condition's causes remain murky. Relief can come from unusual sources like hot showers or capsaicin cream.
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Simple nutrient mix delivers surprising autism breakthrough in mice | ScienceDaily
Researchers led by Tzyy-Nan Huang and Ming-Hui Lin at Academia Sinica in Taiwan have found that a low-dose combination of zinc, serine, and branched-chain amino acids may ease behavioral difficulties in three mouse models of autism. The study, published December 2nd in the open-access journal PLOS Biology, reports that these supplements work together to strengthen communication between neurons and lead to better social interactions in the animals.


						
Exploring How Nutrition Influences ASD

Autism spectrum disorder (ASD) is associated with atypical neural development that disrupts how neurons form connections. Nutrition is also recognized as a factor that can influence ASD. Zinc, serine, and branched-chain amino acids have each been linked to potential improvements in neural connectivity. The researchers proposed that combining the three could produce a stronger effect than any single nutrient and might reduce the amount of each needed. To test this, they worked with three mouse models of ASD and examined synapse-related protein levels, tracked amygdala activity using calcium imaging, and evaluated social behavior.

In their experiments, the combined supplements shifted synaptic protein expression in autistic mice so that it more closely resembled that of typical mice. The mixture also reduced the abnormal overactivity of neurons in the amygdala. Social behaviors improved as well, but only when the nutrients were given as a mixture; the same doses of individual supplements produced no measurable change. Two additional autism mouse models showed the same pattern, indicating that the three nutrients must work together to be effective at low doses.

Researchers Highlight Broader Potential of Multi-Nutrient Approaches

Yi-Ping Hsueh explained, "As hundreds of genes are implicated in autism, each with distinct molecular functions, a 'one gene-one therapy' approach is impractical for addressing the complexity of ASD. Our findings show that a low-dose nutrient mixture containing zinc, branched-chain amino acids (BCAAs), and serine -- working synergistically to improve synaptic function and social behaviors across three ASD mouse models -- offers a safer and more practical strategy for long-term, broad application, even beginning in childhood."

Tzyy-Nan Huang, a first author of the study, added, "High doses of individual nutrient supplements such as zinc, branched-chain amino acids, and serine can improve synaptic function through different mechanisms, but low doses of any single nutrient alone are ineffective. It is exciting to see that combining these nutrients at low doses successfully restores synaptic proteomes and enhances social behaviors in three different mouse models of autism."

Rapid Neural Circuit Changes Observed

Co-first author Ming-Hui Lin said, "I was thrilled to observe that just seven days of treatment with the nutrient mixture significantly modulated neuronal circuit activity and connectivity in real time. These results provide strong support for the beneficial effects of low-dose nutrient supplement combinations."

This work was supported by grants from Academia Sinica, Taiwan (AS-IA-111-L01 to Y.-P.H.) and the National Science and Technology Council, Taiwan (NSTC 113-2326-B-001-008 and 114-2326-B-001-005 to Y.-P.H.). The funding organizations did not influence the study design, data collection and analysis, the decision to publish, or the preparation of the manuscript.
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Daily coffee may slow biological aging in mental illness | ScienceDaily
Drinking up to 3-4 cups of coffee a day may help slow the biological aging process in people living with severe mental illness. The research suggests this amount of coffee is linked to longer telomeres, which are indicators of cellular aging, and may provide the equivalent of 5 extra biological years compared with individuals who do not drink coffee, according to findings published in the open access journal BMJ Mental Health.


						
However, the study did not detect these potential benefits when coffee consumption exceeded this level. The 3-4 cup limit aligns with the daily maximum recommended by several major health agencies, including the NHS and the US Food and Drug Administration.

Telomeres, Mental Illness, and Why They Matter

Telomeres are located at the ends of chromosomes and function much like the plastic tips on shoelaces that prevent fraying. Although telomeres naturally shorten with age, the process appears to happen faster in people with major psychiatric conditions such as psychosis, schizophrenia, and bipolar disorder, the researchers note.

Because telomeres respond to environmental influences, including diet, the team explored whether moderate coffee intake might slow telomere shortening in individuals with serious mental health disorders. Coffee has been linked to various health benefits when consumed in moderation, making it a logical area for investigation.

Study Participants and Coffee Habits

The study examined 436 adults who were part of the Norwegian Thematically Organised Psychosis (TOP) study between 2007 and 2018. Of these participants, 259 had schizophrenia and 177 had affective disorders that included bipolar disorder and major depressive disorder with psychosis.




Participants reported their daily coffee intake and were placed into 4 groups: zero (44 people), 1-2 cups, 3-4 cups (110 people), and 5 or more cups. They were also asked about their smoking habits and how long they had smoked.

Those drinking 5 or more cups a day tended to be older than people who drank none or only 1-2 cups. Participants with schizophrenia also consumed more coffee on average than participants with affective disorders.

Smoking affects how quickly the body processes caffeine. Approximately three quarters of the group (77%; 337 people) were smokers, with an average smoking history of 9 years. Participants who drank 5 or more cups had smoked for significantly longer than those in the other categories.

Telomere Measurements and Key Findings

Researchers measured telomere length using white blood cells (leucocytes) from blood samples. The results showed notable differences among the four coffee intake groups, forming what the researchers describe as a J shaped curve.

Compared with participants who drank no coffee, those who consumed 3-4 cups each day had longer telomeres. This association did not appear in the group that drank 5 or more cups.




Participants consuming 4 cups a day had telomere lengths that aligned with a biological age roughly 5 years younger than non-coffee drinkers. This assessment accounted for age, sex, ethnicity, tobacco use, type of mental disorder, and current treatments.

Biological Explanations and Study Limitations

Because this was an observational study, the authors emphasize that it cannot establish a direct cause-and-effect relationship. They also note that they lacked details about several potentially important factors such as the type of coffee consumed, when it was consumed, the exact caffeine content, and whether participants drank other caffeinated beverages.

Even so, the researchers point to several possible explanations. Coffee contains potent antioxidant and anti-inflammatory compounds that may help protect cells from aging-related damage.

"Telomeres are highly sensitive to both oxidative stress and inflammation, further highlighting how coffee intake could help preserve cellular aging in a population whose pathophysiology may be predisposing them to an accelerated rate of aging," they explain.

Global Coffee Consumption and Safety Considerations

Coffee remains one of the most widely consumed beverages worldwide, with an estimated 10.56 billion kilos consumed globally in 2021-2.

Despite its potential advantages, the researchers caution that "consuming more than the daily recommended amount of coffee may also cause cellular damage and [telomere] shortening through the formation of reactive oxygen species," reiterating that international health authorities advise keeping daily caffeine intake at or below 400 mg/day (4 cups of coffee).
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Scientists capture flu viruses surfing into human cells in real time | ScienceDaily
Fever, aching limbs and a runny nose -- as winter returns, so too does the flu. The disease is triggered by influenza viruses, which enter our body through droplets and then infect vulnerable cells.


						
A research team from Switzerland and Japan has taken an exceptionally close look at how this virus behaves. Using a microscopy approach they created themselves, the scientists can zoom in on the outer surface of human cells in a Petri dish. This setup has enabled them to watch, live and in sharp detail, the moment an influenza virus penetrates a living cell.

Under the direction of Yohei Yamauchi, Professor of Molecular Medicine at ETH Zurich, the group discovered something unexpected. The cells do not simply sit idle while the influenza virus approaches. Instead, they appear to make an effort to seize it. "The infection of our body cells is like a dance between virus and cell," says Yamauchi.

Viral Surfing on the Cell Surface

Although cells gain nothing from being infected, the interaction looks active because the virus exploits a routine cellular uptake system that the cells cannot do without. This system normally brings essential substances such as hormones, cholesterol or iron into the cell.

To begin infection, an influenza virus attaches to specific molecules on the cell surface. The process resembles surfing on the membrane. The virus moves along the surface, latching onto one molecule after another, until it arrives at a site rich in these receptors. A spot with many receptors side by side provides the most efficient entry route.

When the cell's receptors detect that the virus has attached, the membrane begins forming a small indentation at that spot. A structural protein named clathrin shapes and supports this deepening pocket. As the pocket expands, it wraps around the virus and forms a vesicle. The cell then pulls this vesicle inward, where the coat dissolves and releases the virus.




Why Earlier Microscopy Fell Short

Previous attempts to study this crucial moment in infection relied on methods like electron microscopy, which require destroying the cells to obtain an image. As a result, they captured only single moments in time. Fluorescence microscopy, another common tool, offers live imaging but at low spatial resolution.

ViViD-AFM Sheds Light on Viral Entry

The new method, which merges atomic force microscopy (AFM) with fluorescence microscopy, is called virus-view dual confocal and AFM (ViViD-AFM). This combined approach makes it possible to track the fine-scale movements involved as the virus enters the cell.

With this tool, the researchers demonstrated that cells assist the virus at several stages of entry. They summon important clathrin proteins to the site where the virus is attached. The membrane at that point also pushes upward, almost as if trying to seize the virus. These wave-like motions intensify if the virus tries to drift away from the surface.

Implications for Antiviral Research

Because ViViD-AFM allows scientists to observe infection while it is happening, it offers a valuable way to test antiviral drug candidates directly in cell cultures. The team notes that the technique may also be applied to studying other viruses or even vaccines, giving researchers a real-time view of how these particles interact with cells.
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Scientists reveal what really drives the "freshman 15" | ScienceDaily
Do not schedule eight AM classes. Communicate with your roommate. Wash your bedding regularly. New college students hear countless tips as they prepare for campus life. Among them, one warning appears again and again: the idea of the "freshman 15." Many people treat weight gain in the first year of college as almost unavoidable, but what makes it so widespread?


						
An interdisciplinary research group led by Y. Alicia Hong, a professor in the Department of Health Administration and Policy who specializes in mobile and wearable technology, investigated this question. The team found that the college setting naturally encourages behaviors that increase how much students eat, which can lead to steady weight gain.

"Social and environmental factors are key determinants of eating behavior. College students are affected by the eating environment, especially where they eat and whom they eat with. Our research found that they consume more calories when eating in groups or formal dining settings," said Alicia Hong.

How Group Settings and Campus Locations Influence Eating

During a four-week period, participating students used a mobile app to track their food choices, eating locations, and emotional states such as stress and mood. The app data showed clear patterns: students tended to consume more food when they were with at least one other person and when they ate in places like dining halls or restaurants. When students ate alone or at home, their overall intake was lower.

Misjudging Portions and the Role of Emotion

The findings also suggested that many college students are not fully aware of their actual eating habits. Their self-reported perceptions often did not match the caloric intake recorded through the app. Gender and emotional influences, including stress and mood fluctuations, added additional layers to the complexity of these behaviors.




"College students' eating behaviors are complex, with individual, interpersonal, and environmental factors interacting to influence dietary intake. This research underscores the importance of context in dietary intervention and incorporating digital tools for dietary assessment," said Hong.

Who Conducted the Study and Where It Was Published

The research team included Distinguished University Professor in the Department of Nutrition and Food Studies Larry Cheskin, Associate Professor in the Department of Health Administration and Policy Hong Xue, and MS Health Informatics graduate Jo-Vivian Yu.

The study, titled "The Dynamics of Eating Behaviors and Eating Environment in College Students: Discrepancies Between App-Tracked Dietary Intake and Self-Perceived Food Consumption," was published in mHealth. It was supported by the George Mason University College of Public Health Pilot Grant (PI: YAH).



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251203004741.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A common constipation drug shows a surprising ability to protect kidneys | ScienceDaily
Chronic kidney disease (CKD) affects people across the globe and often progresses to the point where patients rely on routine dialysis to survive. Although the condition is widespread and serious, there are still no approved medications that can actively restore kidney function. A team led by Professor Takaaki Abe at the Tohoku University Graduate School of Medicine has uncovered an unexpected approach by repurposing a constipation medication. Their work marks the first time that this drug (lubiprostone) has been shown to slow the loss of kidney function in people with CKD.


						
"We noticed that constipation is a symptom that often accompanies CKD, and decided to investigate this link further," explains Abe. "Essentially, constipation disrupts the intestinal microbiota, which worsens kidney function. Working backwards, we hypothesized that we could improve kidney function by treating constipation."

Clinical Trial Shows Lubiprostone Helps Preserve Kidney Function

To test this idea, the research team organized a multicenter Phase II clinical study (LUBI-CKD TRIAL) across nine medical facilities in Japan. The trial enrolled 150 individuals with moderate CKD and examined how lubiprostone affected kidney health. When compared with participants who received a placebo, those given 8 mg or 16 mg of lubiprostone experienced a slower decline in kidney function. This finding was based on changes in the estimated glomerular filtration rate (eGFR), a standard measure used to evaluate kidney performance.

The scientists also explored why the drug had this protective effect. They determined that lubiprostone boosts the production of spermidine, a compound that enhances mitochondrial activity by encouraging the growth of beneficial gut bacteria. Improved mitochondrial function was linked to a renoprotective effect that helped limit additional kidney damage.

Next Steps and Potential for Personalized CKD Treatment

The team plans to expand their investigation through a Phase 3 clinical trial involving a larger group of participants. They also aim to identify biomarkers that could help predict which patients are most likely to benefit. Their long-term objective is to tailor treatment strategies to each person with CKD. This approach represents a significant shift from current CKD therapies, which focus mainly on lowering uremic toxins.

Overall, the findings indicate that certain laxatives may help slow the progression of kidney deterioration. This concept could also open doors to new treatments for conditions involving mitochondrial dysfunction. Details of the study were published in the scientific journal Science Advances.
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Gas stoves are filling millions of homes with hidden toxic air | ScienceDaily
For many people in the United States, spending time indoors does not guarantee protection from harmful air pollution. A new study led by Stanford University and published Dec. 2 in PNAS Nexus reports that gas and propane stoves release significant amounts of nitrogen dioxide. This pollutant has been associated with asthma, obstructive pulmonary disease, preterm birth, diabetes, and lung cancer. According to the research, switching from gas to electric stoves lowers nitrogen dioxide exposure by more than one quarter nationwide and by about half for people who use their stoves most frequently. Earlier studies documented nitrogen dioxide from gas stoves, but this work is the first to examine both indoor and outdoor exposure across the entire country.


						
"We know that outdoor air pollution harms our health, but we assume our indoor air is safe." said study senior author Rob Jackson, the Michelle and Kevin Douglas Provostial Professor in Earth System Science at the Stanford Doerr School of Sustainability. "Our research shows that if you use a gas stove, you're often breathing as much nitrogen dioxide pollution indoors from your stove as you are from all outdoor sources combined."

Indoor pollution can be as dangerous as outdoor emissions

Outdoor air pollution contributes to hundreds of thousands of deaths in the U.S. each year and leads to millions of new cases of childhood asthma worldwide. Laws such as the U.S. Clean Air Act have helped reduce outdoor pollution, but indoor air remains largely unregulated even though it can pose similar risks. This new analysis is the first nationwide evaluation of how much nitrogen dioxide people encounter from both indoor and outdoor sources, including gas stoves, vehicle traffic, and electricity generation.

A 2024 investigation by the same research team found that gas stoves release nitrogen dioxide at unsafe levels that persist for hours after cooking ends.

Additional studies from several of the same authors have identified gas stoves as a source of benzene, a known carcinogen linked to leukemia and other blood disorders.

"It's time to redirect our focus to what's happening inside our homes, especially as families spend more time indoors," said study lead author Yannai Kashtan, an air quality scientist at PSE Healthy Energy who was a graduate student in Jackson's lab while conducting the research.




Mapping indoor and outdoor nitrogen dioxide exposure

To understand how people are exposed to nitrogen dioxide, the team combined indoor air measurements with outdoor pollution data, information on 133 million residential buildings, and statistics on household behavior. These data allowed researchers to determine where pollution originates and how it affects human health. The team also created national maps that show long-term and short-term nitrogen dioxide exposure by zip code for both indoor and outdoor environments.

For most people in the U.S., outdoor sources such as cars and trucks still account for the majority of nitrogen dioxide exposure. However, the maps showed that 22 million Americans, particularly those in smaller homes and in rural areas, experience nitrogen dioxide levels above recommended long-term limits from cooking with gas. In rural regions, stoves play a proportionally larger role in overall nitrogen dioxide exposure. Meanwhile, total exposure is highest in major cities, where outdoor nitrogen dioxide levels are already elevated and smaller living spaces allow stove emissions to accumulate more easily.

The study also found that the greatest short-term nitrogen dioxide spikes occur indoors and are directly caused by gas stove use. These sharp increases do not come from outdoor pollution but from concentrated bursts produced during cooking.

Who benefits most from cleaner cooking options

Efforts such as rebates and tax credits that promote electric stoves and other clean cooking technologies could significantly reduce harmful indoor pollution. These measures may have the greatest impact in smaller homes, rental properties where tenants cannot choose their appliances, and communities facing financial barriers to adopting electric stoves. Previous Stanford-led research showed that long-term NO2 exposure is 60 percent higher in American Indian and Alaska Native households and 20 percent higher in Black and Hispanic or Latino households compared to the national average. Many of these groups already face high outdoor nitrogen dioxide levels from vehicle exhaust and industrial activity.




"As we strive for cleaner air and healthier living, we should prioritize indoor air quality," Jackson said. "Switching to electric stoves is a positive step towards cleaner cooking and better health."

Jackson is also a senior fellow at the Stanford Woods Institute for the Environment and the Precourt Institute for Energy. 

Other coauthors of the study include Chenghao Wang of the University of Oklahoma; and Kari Nadeau of the Harvard T.H. Chan School of Public Health.

The study was funded by the Stanford Doerr School of Sustainability and its Department of Earth System Science, and Stanford's Knight-Hennessy Scholars Program.
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A routine shingles shot may offer powerful defense against dementia | ScienceDaily
An unusual vaccination rule in Wales has given scientists some of the clearest evidence so far that a vaccine might help protect against dementia. In a new study led by Stanford Medicine, researchers examined health records from older adults in Wales and found that people who received the shingles vaccine were 20% less likely to be diagnosed with dementia over the following seven years than those who did not receive the shot.


						
The results, published April 2 in Nature, support a growing idea that certain viruses that affect the nervous system may raise the chance of developing dementia. If these findings continue to hold up in future work, they suggest that a practical way to help prevent dementia could already exist.

A second analysis from the same team, published Dec. 2 in Cell, pointed to another potential benefit. In that study, the researchers reported that the vaccine might also help people who already have dementia by slowing how quickly the condition worsens.

Shingles virus, chicken pox and lifelong infection

Shingles is a viral disease that causes a painful, blistering rash. It is triggered by the same virus that leads to chicken pox -- varicella-zoster. When someone gets chicken pox, usually in childhood, the virus does not fully leave the body. Instead, it stays inactive inside nerve cells for life. In later years, especially in older adults or in people whose immune systems are weakened, this dormant virus can reactivate and cause shingles.

Dementia, brain changes and the viral hypothesis

Dementia currently affects more than 55 million people worldwide, and about 10 million new cases are diagnosed every year. For many years, most dementia research has centered on abnormal protein build-up in the brain, including plaques and tangles that are characteristic of Alzheimer's disease, the most common type of dementia. However, these efforts have not yet produced successful ways to prevent or halt the disease, so some scientists have turned their attention to other possible drivers, including infections by specific viruses that may damage the brain over time.




Earlier observational studies using health records had hinted that people who received the shingles vaccine were less likely to develop dementia. However, those studies had a serious limitation. People who choose to get vaccinated are often more health conscious in many ways that are hard to measure. They may eat differently, exercise more or engage with health care more regularly. Those lifestyle differences are known to influence dementia risk but are not recorded in medical databases.

"All these associational studies suffer from the basic problem that people who go get vaccinated have different health behaviors than those who don't," said Pascal Geldsetzer, MD, PhD, assistant professor of medicine and senior author of the new study. "In general, they're seen as not being solid enough evidence to make any recommendations on."

A rare natural experiment in Wales

About two years ago, Geldsetzer noticed an unusual opportunity in the way Wales had rolled out its shingles vaccination program. The setup functioned as what researchers call a "natural experiment," and it appeared to avoid much of the bias seen in earlier work. At that time, the country used a version of the shingles vaccine that contained a live-attenuated, or weakened, form of the virus.

The national program began on Sept. 1, 2013. Under the policy, anyone who was 79 years old on that date could receive the vaccine during the following year. (People who were 78 would become eligible the next year for one year, and so on.) People who were 80 or older on Sept. 1, 2013, were out of luck -- they would never become eligible for the vaccine.

Because eligibility depended only on age at a specific cut-off date, the difference between being just under or just over the age threshold had a major impact on who could get the shot. That allowed researchers to compare people who turned 80 shortly before Sept. 1, 2013, with those who turned 80 shortly after, and to see how being eligible for the vaccine changed long-term outcomes.




According to Geldsetzer, the detailed health records available in Wales made these circumstances about as close as possible to a randomized controlled trial without actually running one.

Comparing nearly identical groups

To take advantage of this setup, the team analyzed the health records of more than 280,000 older adults between 71 and 88 years old who did not have dementia at the beginning of the vaccination program. They then concentrated their analysis on people whose birthdays placed them just on either side of the eligibility line, comparing those who turned 80 in the week before Sept. 1 to those who turned 80 in the week after.

"We know that if you take a thousand people at random born in one week and a thousand people at random, born a week later, there shouldn't be anything different about them on average," Geldsetzer said. "They are similar to each other apart from this tiny difference in age."

The researchers reasoned that about the same share of people in both groups would have wanted the shingles shot. The crucial difference was that only the slightly younger group, those not yet 80 on Sept. 1, 2013, were permitted to receive it under the rules.

"What makes the study so powerful is that it's essentially like a randomized trial with a control group -- those a little bit too old to be eligible for the vaccine -- and an intervention group -- those just young enough to be eligible," Geldsetzer said.

Measuring protection against shingles and dementia

The team then tracked health outcomes for the next seven years, comparing people of similar ages who had been eligible or ineligible for the vaccine. By combining that information with actual vaccination rates, they could estimate the effect of receiving the shot. About half of the people who were eligible went on to be vaccinated, while almost none of those who were not eligible received it.

As expected, the vaccine lowered the rate of shingles over the seven-year follow-up by about 37% among those who were vaccinated, in line with clinical trial data. (The live-attenuated vaccine's effectiveness wanes over time.)

By 2020, when the individuals being studied were around 86 and 87 years old, one in eight had developed dementia. Among those who received the shingles shot, however, the likelihood of a dementia diagnosis was 20% lower compared with those who did not receive it.

"It was a really striking finding," Geldsetzer said. "This huge protective signal was there, any which way you looked at the data."

Ruling out other explanations

The researchers then searched for other factors that might explain the difference in dementia rates. They found that the two groups were extremely similar in all the characteristics they could measure. Education levels were the same for eligible and ineligible people. Those who were eligible for the shingles vaccine were not more likely to receive other vaccines or preventive therapies, and they were not less likely to have common illnesses such as diabetes, heart disease or cancer.

The only clear difference between the groups was the lower number of dementia diagnoses in those who had access to the shingles shot.

"Because of the unique way in which the vaccine was rolled out, bias in the analysis is much less likely than would usually be the case," Geldsetzer said.

Even so, the team tested the data in a variety of alternative ways, such as examining different age windows or focusing only on deaths that listed dementia as a cause. No matter how they sliced the information, the relationship between vaccination and lower dementia risk remained.

"The signal in our data was so strong, so clear and so persistent," he said.

Benefits from early decline to advanced dementia

The researchers next asked whether the apparent benefits of the vaccine were limited to preventing dementia, or whether they also extended to people who already showed signs of cognitive problems. Using the same natural experiment structure, they examined a broader range of outcomes, from mild cognitive changes to late-stage dementia.

Many cases of dementia are preceded by a period of mild cognitive impairment -- characterized by deficits in memory and cognitive skills that do not interfere with independent living, Geldsetzer said.

The team observed that people who had received the shingles vaccine were less likely to receive a diagnosis of mild cognitive impairment during a nine-year follow-up period than those who remained unvaccinated.

They also looked at people who already had dementia at the start of the Welsh vaccination program. In this group, the results were especially striking. Individuals with dementia who received the shingles shot were significantly less likely to die from dementia in the next nine years (as indicated on their death certificates) than those who did not receive the vaccine, suggesting that the disease may have progressed more slowly in the vaccinated group.

In total, nearly half of the 7,049 Welsh seniors who had dementia when the program began died from dementia during follow-up. Among those with dementia who received the vaccine, only about 30% died from dementia.

"The most exciting part is that this really suggests the shingles vaccine doesn't have only preventive, delaying benefits for dementia, but also therapeutic potential for those who already have dementia," Geldsetzer said.

Stronger effects in women raise new questions

Another notable pattern emerged when the researchers compared outcomes by sex. The protective effect of the shingles vaccine against dementia appeared to be much stronger in women than in men. Geldsetzer noted that this might reflect biological differences in immune responses or differences in how dementia develops in men and women. On average, women tend to develop higher antibody responses after vaccination, and shingles occurs more often in women than in men.

At this point, scientists still do not know exactly how the vaccine might be providing protection. It is not yet clear whether it works by broadly stimulating the immune system, by reducing how often the varicella-zoster virus reactivates, or through another pathway entirely.

It is also unknown whether a newer shingles vaccine, which uses only certain proteins from the virus and is more effective at preventing shingles, would have a similar or even stronger effect on dementia risk.

Global data and the push for a randomized trial

Geldsetzer hopes these findings will encourage more investment in this line of research.

"At least investing a subset of our resources into investigating these pathways could lead to breakthroughs in terms of treatment and prevention," he said.

Over the past two years, his team has checked health records from other countries, including England, Australia, New Zealand and Canada, where similar shingles vaccine rollouts took place. The results in those datasets have echoed what was seen in Wales. "We just keep seeing this strong protective signal for dementia in dataset after dataset," he said.

The next step that Geldsetzer is aiming for is a large randomized controlled trial, which would offer the most rigorous evidence on whether the vaccine truly causes the reduction in dementia. In such a study, participants would be randomly assigned to receive either the live-attenuated shingles vaccine or a placebo injection.

"It would be a very simple, pragmatic trial because we have a one-off intervention that we know is safe," he said.

Geldsetzer is seeking philanthropic support to fund this work, in part because the live-attenuated vaccine is now off-patent, even though it is the vaccine type for which he has gathered strong evidence from natural experiments.

He also pointed out that such a trial might show meaningful results relatively quickly. In the Wales data, when researchers plotted dementia rates for people who were eligible versus ineligible for the vaccine, the two curves began to move apart after about a year and a half.

A researcher from the Vienna University of Economics and Business also contributed to the work.

The study received funding from The Phil & Penny Knight Initiative for Brain Resilience, the Stanford Center for Digital Health, the National Institute on Aging (grant R01AG084535), the National Institute of Allergy and Infectious Diseases (grant DP2AI171011) and the Biohub, San Francisco.
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Your sweat reveals health problems long before symptoms appear | ScienceDaily
Sweat carries a wide range of biological signals, and a growing body of research suggests that pairing it with artificial intelligence and advanced sensor technology could reshape how we track our health and daily physiology. According to a recent study, this combination may provide a powerful new approach for monitoring personal well-being.


						
Published in the Journal of Pharmaceutical Analysis, the study explores how sweat could be used for real-time assessment of hormones, medication levels, and other biomarkers, as well as for early identification of diseases such as diabetes, cancer, Parkinson's and Alzheimer's.

"Collecting sweat is painless, simple and non-invasive," said co-author Dr. Dayanne Bordin, an analytical chemist at the University of Technology Sydney (UTS). "It's an attractive alternative to blood or urine, especially for continuous monitoring in real-time."

Growing Interest in Wearables That Analyze Sweat

"Anyone who is already interested in tracking their health using wearables such as an Apple watch -- for example their heart rate, step count or blood pressure -- would be interested in the information sweat can provide.

"There are already sweat monitoring devices on the market such as the Gatorade sweat patch, which is a single-use, wearable sticker that pairs with an app to analyse your sweat rate and sodium loss, and provide tailored advice."

Recent progress in areas like microfluidics, stretchable electronics and wireless communication has made it possible to build a new class of wearable sensors. These lightweight, flexible patches rest directly on the skin and continuously collect sweat samples.




When these devices are combined with artificial intelligence, they may be able to identify specific metabolites and interpret complex chemical patterns, which could give users more personalized health information and earlier warning of various medical conditions.

Potential Uses for Athletes and Patients

Athletes could use them to track electrolyte loss during workouts and to demonstrate that they are drug free before competitions. People managing diabetes may eventually rely on sweat based glucose detection rather than blood tests.

"Sweat is an under-used diagnostic fluid," said co-author Dr. Janice McCauley from the UTS Faculty of Science.

"The ability to measure multiple biomarkers simultaneously, and transmit that data wirelessly, provides enormous potential for preventive health care.

"The year 2023 was marked by an evolutionary step in artificial intelligence, opening the door for improved pattern analysis and classification algorithms to improve diagnostic precision and therapeutic accuracy," she said.




Advances in AI and Ultra Sensitive Devices

Modern AI systems can now analyze very large datasets to connect subtle chemical signals in sweat with particular physiological conditions. The authors note that the next major milestone will involve pairing this analytical capability with compact, low power devices that can send data securely.

UTS researchers are currently investigating the basic physiological characteristics of sweat. They are also creating microfluidic tools that can detect extremely small concentrations of biomarkers such as glucose and cortisol.

Although much of this work is still in the prototype phase, interest from industry continues to increase.

"We're not far from a future where your wearable can tell you when you've got high stress hormone levels, and by monitoring this over time, whether you are at risk of chronic health conditions," Dr. Bordin said.
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A 70-year-old pregnancy drug just revealed a hidden weakness in brain cancer | ScienceDaily
Over the last 70 years, hydralazine has been an indispensable tool in medicine -- a front-line defense against life-threatening high blood pressure, especially during pregnancy. But despite its essential role, a fundamental mystery has persisted: no one knew its "mechanism of action" -- essentially how it works at a molecular level, which allows formproved efficacy, safety, and what it can treat.


						potential and could help in the design of safer, more effective drugs for both maternal health and brain cancer.
Over the last 70 years, hydralazine has been an indispensable tool in medicine -- a front-line defense against life-threatening high blood pressure, especially during pregnancy. But despite its essential role, a fundamental mystery has persisted: no one knew its "mechanism of action" -- essentially how it works at a molecular level, which allows formproved efficacy, safety, and what it can treat.

"Hydralazine is one of the earliest vasodilators ever developed, and it's still a first-line treatment for preeclampsia -- a hypertensive disorder that accounts for 5 to 15% of maternal deaths worldwide," says Kyosuke Shishikura, a physician-scientist at the University of Pennsylvania. "It came from a 'pre-target' era of drug discovery, when researchers relied on what they saw in patients first and only later tried to explain the biology behind it."

Now Shishikura, his postdoctoral advisor at Penn Megan Matthews, and collaborators have solved this long-standing puzzle.

In a paper published in Science Advances, they uncovered the method of action of hydralazine, and in doing so, revealed an unexpected biological link between hypertensive disorders and brain cancer. The findings highlight how long-established treatments can reveal new therapeutic potential and could help in the design of safer, more effective drugs for both maternal health and brain cancer.

"Preeclampsia has affected generations of women in my own family and continues to disproportionately impact Black mothers in the United States," Matthews says. "Understanding how hydralazine works at the molecular level offers a path toward safer, more selective treatments for pregnancy-related hypertension -- potentially improving outcomes for patients who are at greatest risk."

Hydralazine blocks an oxygen-sensing enzyme

The team found that hydralazine blocks an oxygen-sensing enzyme called 2-aminoethanethiol dioxygenase (ADO) -- a molecular switch that tells blood vessels when to tighten.




"ADO is like an alarm bell that rings the moment oxygen starts to fall," Matthews says. "Most systems in the body take time; they have to copy DNA, make RNA, and build new proteins. ADO skips all that. It flips a biochemical switch in seconds."

Hydralazine acts by binding to and blocking ADO, which means it effectively "mutes" that oxygen alarm. Once the enzyme was silenced, the signaling proteins it normally degrades -- called regulators of G-protein signaling (RGS) -- remained stable.

The buildup of RGS proteins, says Shishikura, tells the blood vessels to stop constricting, effectively overriding the "squeeze" signal. This reduces intracellular calcium levels, which he calls the "master regulator of vascular tension." As calcium levels fall, the smooth muscles in blood vessel walls relax, causing vasodilation and a drop in blood pressure.

From preeclampsia to brain cancer: A common target

Prior to this study, cancer researchers and clinicians had begun to suspect that ADO was important in glioblastoma, where tumors often have to survive in pockets of very low oxygen, Shishikura explains. Elevated levels of ADO and its metabolic products had been linked with more aggressive disease, suggesting that shutting this enzyme down could be a powerful strategy, but no one had a good inhibitor to test that idea.

To see if hydralazine was a contender, Shishikura worked closely with structural biochemists at the University of Texas, who used X-ray crystallography, a high-resolution imaging technique, to visualize hydralazine bound to ADO's metal center and , and with neuroscientists at the University of Florida, who tested the drug's effects in brain cancer cells.




They found that the ADO pathway that regulates vascular contraction also helps tumor cells survive in low-oxygen environments. Unlike chemotherapy, which aims to kill all cells outright, hydralazine disrupted that oxygen-sensing loop, triggering cellular "senescence," or a dormant, non-dividing state in glioblastoma cells, effectively pausing growth without triggering further inflammation or resistance.

Unlocking the potential for other life-saving treatments

Their findings highlight how long-established treatments can reveal new therapeutic potential and could help in the design of safer, more effective drugs for both maternal health and brain cancer.

They say the next step is to push the chemistry further building new ADO inhibitors that are more tissue specific and better at crossing, or exploiting weak points in, the blood-brain barrier so they hit tumor tissue hard while sparing the rest of the body.

Matthews is also working to continue engineering the next generation of medical solutions by revealing the mechanics of clinically tested, long-known treatments.

"It's rare that an old cardiovascular drug ends up teaching us something new about the brain," Matthews says, "but that's exactly what we're hoping to find more of -- unusual links that could spell new solutions."

Megan L. Matthews is an assistant professor in the Department of Chemistry in the School of Arts & Sciences at the University of Pennsylvania.

Kyosuke Shishikura is a postdoctoral researcher in the Matthews Group at Penn Arts & Sciences.

Other authors include Eric W. Barr, Zev A. Binder, Kelly Hicks, and Donald M. O'Rourke of the University of Pennsylvania; Ren-Ming Hu and Xie Wang of the Chinese Academy of Sciences Snehil R; Chilkamari of the Georgia Institute of Technology; Jiasong Li of Nanjing Agricultural University; Katelyn A. Bustin and William H. Parsons of Oberlin College; J. Martin Bollinger Jr. of the Pennsylvania State University; Mahaa Ayub of Thomas Jefferson University; Yiming Chen and Kirill A. Martemyanov of the University of Florida; Thomas P. Keeley of the University of Oxford; and Zongtao Lin of Washington University in St. Louis.
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Scientists discover first gene proven to directly cause mental illness | ScienceDaily
According to the World Health Organization (WHO), nearly one in seven people across the globe lived with a mental illness in 2021, with anxiety disorders and depression occurring most frequently. These conditions often stem from a mix of influences, and genetics play a major part in shaping a person's risk. Having a close family member with a mental illness remains one of the strongest known predictors. Until recently, research suggested that psychiatric disorders typically develop from the combined effects of many different genes.


						
"Our current findings indicate that GRIN2A is the first known gene that, on its own, can cause a mental illness. This distinguishes it from the polygenic causes of such disorders that have been assumed to date," says Professor Johannes Lemke, lead author of the study and Director of the Institute of Human Genetics at the University of Leipzig Medical Center.

Study Links GRIN2A Variants to Early-Onset Psychiatric Symptoms

In this investigation, researchers conducted a statistical analysis of data from 121 individuals who carried a genetic change in the GRIN2A gene. "We were able to show that certain variants of this gene are associated not only with schizophrenia but also with other mental illnesses. What is striking is that, in the context of a GRIN2A alteration, these disorders already appear in childhood or adolescence -- in contrast to the more typical manifestation in adulthood," says Professor Lemke. The research team also highlighted an unexpected finding: some participants showed only psychiatric symptoms, even though GRIN2A changes are usually linked to epilepsy or intellectual disability.

How GRIN2A Affects Brain Signaling and a Possible Treatment Approach

The GRIN2A gene helps regulate how active nerve cells are by influencing their electrical signaling. In this study, certain gene variants reduced the function of the NMDA receptor, a key component involved in communication between brain cells. Working with Dr. Steffen Syrbe, Professor at the Heidelberg Medical Faculty and pediatric neurologist at Heidelberg University Hospital, the team demonstrated that this reduced activity may be medically important. In an early treatment effort, patients experienced noticeable improvements in psychiatric symptoms after receiving L-serine -- a dietary supplement that activates the NMDA receptor.

Professors Johannes Lemke and Steffen Syrbe have collaborated for nearly 15 years in both clinical and research settings to better understand disorders involving the brain's glutamate receptor in children with neurological conditions. Over this period, Professor Lemke established an international registry containing the largest known group of GRIN2A patients worldwide, providing the foundation for the findings published in this study.
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Scientists boost lifespan by 70% in elderly male mice using simple drug combo | ScienceDaily

The work, led by first author Cameron Kato along with corresponding author and Aging-US Editorial Board Member Irina M. Conboy at the University of California, Berkeley, reveals that combining oxytocin with an Alk5 inhibitor (OT+A5i) greatly improved both lifespan and overall health in frail, elderly, male mice. Female mice did not experience the same long-lasting benefits, pointing to important biological differences in how each sex responds to anti-aging therapies.

"These findings establish the significant health-span extension capacity of OT+A5i and emphasize the differences in aging and in response to longevity therapeutics between the sexes."

How the Dual-Drug Strategy Works

The team used a two-part treatment designed to address major biological changes that occur with age. Oxytocin, a hormone known to support tissue repair and naturally decline over time, was paired with an Alk5 inhibitor that blocks the TGF-beta pathway. TGF-beta activity tends to increase in older tissues and is linked to inflammation and cellular damage. In this research, frail mice aged 25 months, which is roughly equivalent to 75 human years, received regular OT+A5i treatment.

Male mice treated with this combination lived more than 70% longer than untreated mice and showed marked improvements in agility, endurance, and memory. Hazard ratio analysis indicated that treated males were nearly three times less likely to die at any moment compared to untreated controls.

"Treatment of old frail male mice with OT+A5i resulted in a remarkable 73% life extension from that time, and a 14% increase in the overall median lifespan."

Sex Differences in Long-Term Benefits




The treatment also restored a more youthful pattern in circulating blood proteins by reducing "biological noise," a recognized indicator of aging. Although both males and females experienced short-term improvements, only the males maintained long-term gains in systemic protein balance after four months of continuous therapy. Female mice showed no major improvements in lifespan or sustained health measures, although middle-aged females did experience increased fertility.

These outcomes highlight how strongly sex-specific biology can influence the effectiveness of aging interventions. The exact reasons behind these differences are still unclear, yet the study establishes a useful model for understanding how therapies may work differently across sexes.

Potential Path to Human Application

Oxytocin already has FDA approval, and Alk5 inhibitors are being evaluated in clinical trials, which raises the possibility that this combined approach could eventually be adapted for humans. Based on the robust improvements seen in frail elderly male mice, OT+A5i may hold significant promise for enhancing late-life health and survival in the future.
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A long-overlooked weak point in your DNA has just been revealed | ScienceDaily
Researchers have pinpointed specific areas of the human genome that are unusually susceptible to genetic changes. These altered segments can be inherited by future generations and have important implications for how scientists investigate genetics and disease.


						
The vulnerable regions sit at the beginning of genes, known as transcription start sites. These are the points where the cell begins copying DNA into RNA. According to a study published on November 26 in Nature Communications, the first 100 base pairs after this starting point experience mutations at a rate 35% higher than expected by chance.

"These sequences are extremely prone to mutations and rank among the most functionally important regions in the entire human genome, together with protein-coding sequences," explains Dr. Donate Weghorn, corresponding author of the study and researcher at the Centre for Genomic Regulation in Barcelona.

Early Development and Mosaic Mutations

The research team discovered that many of these extra mutations arise soon after conception during the earliest rounds of cell division in the embryo. These alterations, known as mosaic mutations, appear in only some cells rather than throughout the entire body. Because of this uneven distribution, the hotspot remained undetected for a long time.

A parent may carry mosaic mutations that contribute to disease without showing symptoms, since only a portion of their tissues contain the change. Despite the lack of symptoms, they can still pass these mutations through eggs or sperm. A child who inherits one of these mosaic mutations will have it present in every cell, which can lead to health problems.

Large-Scale Genome Analysis Reveals Mutation Patterns

To make this discovery, researchers examined transcription start sites across 150,000 genomes from the UK Biobank and 75,000 genomes from the Genome Aggregation Database (gnomAD). They then compared their findings with data from eleven family studies that provided detailed information about mosaic mutations.




Their analysis showed that many gene start sites across the genome accumulate more mutations than expected. When they looked more closely, they found that the highest concentration of these excess mutations occurred in the starting regions of genes involved in cancer, brain function and abnormal limb development.

The study suggests these mutations are likely harmful. The team observed a strong concentration of mutations near start sites when examining extremely rare variants, which tend to represent recent changes. That excess became smaller in older, more common variants, indicating that natural selection gradually removes these mutations. Families carrying such mutations, especially in genes linked to brain function or cancer, are less likely to pass them on. Over multiple generations, these mutations tend to disappear.

Why Mutational Models Need Adjustment

Avoiding false conclusions and finding missed clues

The findings highlight a potential source of error in mutational models. These tools estimate how many mutations should appear in a given part of the genome if nothing unusual is happening. Clinicians use that baseline to determine which mutations deserve further attention.

Because transcription start sites naturally accumulate more mutations than previously recognized, the expected baseline for these regions is higher than current models assume. This means geneticists will need to update their tools to avoid misinterpreting results.




"If a model doesn't know this region is naturally mutation-rich, it might expect, say, 10 mutations but observe 50. If the correct baseline is 80, then 50 means fewer than expected and is a sign harmful changes are being removed by natural selection. You would completely miss the importance of that gene," explains Dr. Weghorn.

These insights also affect genetic studies that search only for mutations that appear in a child but not in either parent. While this approach works for mutations present in every cell, it fails to capture mosaic mutations, which appear in a mix of tissues. As a result, some important contributors to disease may be overlooked.

"There is a blind spot in these studies. To get around this, one could look at the co-occurrence patterns of mutations to help detect the presence of mosaic mutations. Or look at the data again and revisit discarded mutations that occur near the transcription starts of genes most strongly affected by the hotspot," says Dr. Weghorn.

Why Gene Start Sites Are So Mutation-Prone

A new source of mutations

The study describes the transcription process as fast and chaotic. The cell's molecular machinery often pauses and resumes activity near the starting point, and sometimes begins copying in both directions. At the same time, temporary structures can form that leave segments of DNA exposed to potential damage.

According to the authors, these moments of instability make transcription start sites especially vulnerable during the rapid cell divisions that occur shortly after conception. Although cells can usually repair these issues, the pressure to grow quickly leads to some mutations being left behind like small scars on the genome.

The findings reveal an important missing element in the understanding of how mutations form. Known causes such as replication errors or ultraviolet damage have been documented for decades. "Finding a new source of mutations, particularly those affecting the human germline, doesn't happen often," concludes Dr. Weghorn.
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Is your gut being poisoned? Scientists reveal the hidden impact of everyday chemicals | ScienceDaily
A large laboratory investigation of human-made chemicals has revealed 168 substances that are harmful to bacteria normally found in a healthy human gut. These chemicals interfere with the growth of microbes considered essential for maintaining good health.


						
Many of the substances identified in the study are expected to enter the body through food, drinking water, or general environmental exposure, yet most were not previously believed to influence bacteria in any way.

As gut bacteria adapt to chemical pollutants, some appear to develop resistance to antibiotics such as ciprofloxacin. If the same process occurs inside the human gut, it could make certain infections more difficult to treat.

Testing Shows Common Pollutants Can Harm Beneficial Microbes

The research team, led by the University of Cambridge, examined how 1076 chemical contaminants affected 22 species of gut bacteria under laboratory conditions.

The substances found to disrupt microbial growth include pesticides such as herbicides and insecticides used on crops, as well as industrial chemicals present in flame retardants and plastics.

The gut microbiome contains an estimated 4,500 different types of bacteria that work together to support bodily functions. When this system becomes imbalanced, it can contribute to a wide range of health problems involving digestion, weight regulation, the immune system, and mental health.




Standard safety evaluations for chemicals do not account for effects on the gut microbiome because most chemicals are created to act on specific targets. For instance, insecticides are meant to affect insects, not humans or their resident microbes.

New Machine Learning Tool Predicts Chemical Risks to Gut Health

Using the data gathered in the study, the researchers developed a machine learning model to forecast whether industrial chemicals -- whether already in circulation or still being designed -- are likely to harm human gut bacteria.

Details of the study, along with the machine learning tool, appear in the journal Nature Microbiology.

Dr. Indra Roux of the University of Cambridge's MRC Toxicology Unit and first author of the study said: "We've found that many chemicals designed to act only on one type of target, say insects or fungi, also affect gut bacteria. We were surprised that some of these chemicals had such strong effects. For example, many industrial chemicals like flame retardants and plasticizers -- that we are regularly in contact with -- weren't thought to affect living organisms at all, but they do."

Professor Kiran Patil, senior author and member of the same research unit, said: "The real power of this large-scale study is that we now have the data to predict the effects of new chemicals, with the aim of moving to a future where new chemicals are safe by design."

Dr. Stephan Kamrad, also part of the research team, added: "Safety assessments of new chemicals for human use must ensure they are also safe for our gut bacteria, which could be exposed to the chemicals through our food and water."




Need for Real-World Chemical Exposure Data

There is still limited knowledge about how environmental chemicals directly influence the gut microbiome and human health. The team notes that our gut bacteria are likely coming into contact with many of the substances tested in the study, but the actual amounts reaching the gut are not yet known. Future research that tracks total chemical exposure across the body will be needed to determine the true level of risk.

Patil said: "Now we've started discovering these interactions in a laboratory setting it's important to start collecting more real-world chemical exposure data, to see if there are similar effects in our bodies."

In the meantime, the researchers recommend practical steps to reduce exposure to chemical pollutants, such as washing fruit and vegetables thoroughly before eating and avoiding the use of pesticides in home gardens.
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Fast depression relief? Nitrous oxide shows remarkable potential | ScienceDaily
Patients living with major depressive disorder, including those who have not improved with commonly prescribed antidepressants, may benefit from short-term nitrous oxide treatment, according to a large meta-analysis led by the University of Birmingham.


						
The paper, published in eBioMedicine on November 30, reviewed the strongest available clinical data to explore how clinically administered nitrous oxide (N2O) might provide fast-acting relief from depressive symptoms in adults with major depressive disorder (MDD) and treatment-resistant depression (TRD).

What treatment-resistant depression is and how common it can be

TRD is defined as depression that remains insufficiently controlled after a person has tried two different antidepressant medications. A previous study led by the same research team found that around 48% of patients in the UK gain only limited benefit from standard antidepressant treatments, highlighting a substantial unmet need.

Researchers from the University of Birmingham, the University of Oxford, and Birmingham and Solihull Mental Health NHS Foundation Trust evaluated seven clinical trials and four protocol papers conducted by research groups across the world. These studies examined the use of nitrous oxide, which is also widely used as a pain relief option in medical procedures, as a treatment for depressive disorders including MDD, TRD and bipolar depression.

Single sessions, repeated doses and how nitrous oxide may act in the brain

The analysis showed that a single session of inhaled clinical nitrous oxide at 50% concentration (in three of the trials) led to rapid and meaningful reductions in depressive symptoms within 24 hours. However, these improvements did not generally persist after one week. When patients received repeated treatments over several weeks, the benefits lasted longer, indicating that a course of multiple sessions, rather than a one-off dose, may be necessary to sustain clinical improvement.




Nitrous oxide is believed to act on glutamate receptors in a manner similar to ketamine, another rapid-acting antidepressant. This action on glutamate pathways may account for the relatively swift improvements in mood that are seen shortly after inhalation.

Kiranpreet Gill, a PhD researcher funded by the Medical Research Council at the University of Birmingham and first author of the study, said: "Depression is a debilitating illness, made even more so by the fact that antidepressants make no meaningful difference for almost half of all patients diagnosed with it. There is a growing body of research on repurposing treatments from other clinical domains to alleviate low mood. This study brings together the best possible evidence indicating that nitrous oxide has the potential to provide swift and clinically significant short-term improvements in patients with severe depression.

"Our analyses show that nitrous oxide could form part of a new generation of rapid-acting treatments for depression. Importantly, it provides a foundation for future trials to investigate repeated and carefully managed dosing strategies that can further determine how best to use this treatment in clinical practice for patients who don't respond to conventional interventions."

Strong short-term evidence, but more trials are needed

The meta-analysis reported robust evidence that nitrous oxide can improve mood over the short term after administration. At the same time, the relatively small number of clinical trials meant there were noticeable differences in how depressive symptoms were measured and reported, as well as in the timing of follow-up assessments. The authors note that further research is essential to identify the most effective dosing regimen, to fully understand the long-term safety of nitrous oxide, and to work out how best to incorporate it into existing treatment pathways.

Safety profile and side effects of nitrous oxide

The researchers also evaluated safety and side effects. Some participants experienced issues such as nausea, dizziness and headaches, but these problems were short lived and resolved without the need for medical treatment. Higher doses at 50% concentration were linked with a greater chance of these side effects occurring, yet none of the studies identified any immediate safety concerns. The team stressed that long-term safety must still be clarified through future studies that include longer follow-up periods.




Professor Steven Marwaha from the University of Birmingham, Honorary Consultant Psychiatrist at Birmingham and Solihull Mental Health Foundation Trust, and senior author of the study said: "This is a significant milestone in understanding the potential of nitrous oxide as an added treatment option for patients with depression who have been failed by current treatments. This population has often lost hope of recovery, making the results of this study particularly exciting. These findings highlight the urgent need for new treatments that can complement existing care pathways, and further evidence is needed to understand how this approach can best support people living with severe depression."

Expanding options for treatment-resistant depression in diverse communities

The study was carried out by researchers at the Mental Health Mission Midlands Translational Centre, which is led by the University of Birmingham and funded by the National Institute for Health and Care Research through the NIHR Oxford Biomedical Research Centre. The team is focused on improving treatment options for treatment-resistant depression in superdiverse and deprived communities. The Centre's goal is to speed up the development and rollout of innovative, evidence-based treatments that can both enhance outcomes and reduce inequalities in mental health care.

This work also connects with ongoing initiatives at the Birmingham Clinic for Advanced Mood Disorder Management (CALM), where advanced, evidence-based treatments such as ketamine and neuromodulation are already being provided for people living with severe or treatment-resistant depression.

Next steps: preparing the first NHS trial of nitrous oxide for depression

Building on this translational pathway that moves discoveries into real-world care, the team is now planning the first NHS trial in the UK to examine whether nitrous oxide can be offered safely and in an acceptable way as a treatment for major depression. The results of this upcoming trial will guide how nitrous oxide might be incorporated into NHS services and could broaden the range of innovative treatment choices available for patients who have not gained adequate relief from standard approaches.
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Doctors are seeing more aggressive breast cancer in younger women than expected | ScienceDaily
An analysis of records from seven outpatient centers in the New York region found that 20 to 24% of all breast cancers diagnosed over an 11-year span occurred in women between 18 and 49 years old. These findings are being presented at the annual meeting of the Radiological Society of North America (RSNA).


						
"This research shows that a significant proportion of cancers are diagnosed in women under 40, a group for whom there are no screening guidelines at this time," said Stamatia Destounis, M.D., radiologist Elizabeth Wende Breast Care (EWBC) in Rochester, New York. "Consideration must be given by physicians caring for women in this age group to performing risk assessment in order to identify those who may benefit from more intensive screening due to being higher risk."

Growing national data sets have been pointing toward an uptick in breast cancer among younger women, which has encouraged experts to reconsider recommended screening ages and how patients are evaluated for risk.

Current Screening Advice Leaves a Gap for Younger Patients

For women considered average risk, the U.S. Preventive Services Task Force recommends mammography every other year beginning at age 40 and continuing until age 74. The American Cancer Society recommends yearly mammograms starting at age 45, with screening optional for those aged 40 to 44. Women who are classified as high risk may be advised to receive a breast MRI and a mammogram each year beginning around age 30, but there are still no established guidelines for women younger than that.

How the Research Was Conducted

Dr. Destounis and EWBC research manager Andrea L. Arieno, B.S., reviewed breast cancer diagnoses made from 2014 through 2024 across seven outpatient facilities spread over a 200-mile area in Western New York. Their goal was to identify every case diagnosed in women aged 18 to 49 and gather detailed information from clinical imaging reports.




"We specifically collected details on how the cancer was found (screening or diagnostic), the type of cancer and other tumor characteristics," Dr. Destounis said. "We excluded cases that were not primary breast cancer. We analyzed trends over time by age subgroups, detection method and tumor biology. This helped us to identify how breast cancer presents in this patient population, how frequently it occurs and the types of tumors found."

Most Diagnosed Cancers Were Invasive and Often More Severe

The review identified 1,799 breast cancers in 1,290 women in the 18 to 49 age group. Each year, the number of cases ranged from 145 to 196. The average age at diagnosis was 42.6 years, with cases spanning from ages 23 to 49. Screening detected 731 cancers (41%), while diagnostic evaluation detected 1,068 (59%). Of the total, 1,451 cases (80.7%) were invasive, and 347 (19.3%) were non-invasive.

"Most of these cancers were invasive, meaning they could spread beyond the breast, and many were aggressive types -- especially in women under 40," Dr. Destounis said. "Some were 'triple-negative,' a form of breast cancer that is harder to treat because it doesn't respond to common hormone-based therapies."

Younger Women Consistently Account for One Quarter of Diagnoses

Although women under 50 made up only 21% to 25% of those screened each year, they still represented about one out of every four breast cancers detected annually.




"This is striking because it shows that younger women not only carry a stable and substantial share of the breast cancer burden, but their tumors are often biologically aggressive," she said. ""That combination, steady incidence plus disproportionately aggressive biology, directly challenges age-based screening cutoffs and strengthens the case for earlier, risk-tailored screening approaches."

Stable Numbers Suggest a Long-Term Concern

Dr. Destounis also pointed out that the number of diagnosed cancers in younger women remained consistently high throughout the study period. Even when fewer young women were seen overall, the absolute number of cancers did not decline.

"That means this problem is not going away," she said. "It is here to stay and needs to be addressed on a larger scale. Research such as this supports earlier and tailored screening to allow for earlier detection and better treatment outcomes. This data reinforces that women under 50, especially those under 40, shouldn't be seen as 'low risk' by default and can absolutely benefit from risk assessment being performed as early as possible."

Awareness and Risk Factors for Younger Women

Dr. Destounis advised that younger patients should be encouraged to monitor breast changes and begin screening in specific situations.

"Those with a strong family history or genetic mutation, as well as certain minorities and ethnic backgrounds, are at higher risk for breast cancer at a younger age," she said.

Age Alone Is Not Enough for Screening Decisions

She added that the study reinforces an important point: breast cancer in younger women is not uncommon, and cases in this group are often more serious.

"We can't rely only on age alone to decide who should be screened," she said. "Paying closer attention to personal and family history, and possibly screening earlier for some women, could help detect these cancers sooner."
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New brain imaging breakthrough reveals clues to Parkinson's | ScienceDaily
Researchers at Johns Hopkins Medicine report that they have successfully used a "zap-and-freeze" method to capture rapid communication between brain cells in living tissue from both mice and humans. The approach allowed them to observe interactions that normally happen too quickly to track.


						
According to the team, the findings, published Nov. 24 in Neuron and supported by the National Institutes of Health, may help uncover the underlying biological causes of nonheritable forms of Parkinson's disease.

Sporadic Parkinson's cases represent the majority of diagnoses, the Parkinson's Foundation notes. These cases involve disruptions in the synapse, the tiny site where one neuron passes a signal to another. Because this junction is so small and its activity unfolds rapidly, it has long been challenging to study in detail, says Shigeki Watanabe, Ph.D., an associate professor of cell biology at Johns Hopkins Medicine and the senior author of the study.

"We hope this new technique of visualizing synaptic membrane dynamics in live brain tissue samples can help us understand similarities and differences in nonheritable and heritable forms of the condition," Watanabe says. He adds that the technique could eventually guide the development of therapies for this neurodegenerative disorder.

How Healthy Synapses Move Messages

In a healthy brain, synaptic vesicles act as tiny packages that carry chemical messages from one neuron to the next. This exchange is essential for learning, memory formation and the processing of information. Understanding how vesicles behave under normal conditions is key to identifying where communication begins to fail in neurological diseases, Watanabe says.

Watanabe previously helped design the zap-and-freeze approach to visualize fast changes in synaptic membranes (these results were published in 2020 in Nature Neuroscience). The method uses a brief electrical stimulus to activate brain tissue, followed immediately by rapid freezing. This preserves the exact positions of cellular structures for later viewing with electron microscopy.




In earlier work published in Nature Neuroscience this year, Watanabe applied the method to genetically engineered mice to investigate the role of a protein called intersectin. The study demonstrated how intersectin helps maintain synaptic vesicles in a specific location until they are ready to be released and activate a neighboring neuron.

Testing the Technique in Human Brain Tissue

For the latest study, the team examined samples from normal mice and compared them with living cortical brain tissue obtained, with permission, from six people undergoing epilepsy surgery at The Johns Hopkins Hospital. These surgeries were necessary to remove hippocampal lesions.

Collaborating with Jens Eilers and Kristina Lippmann of Leipzig University in Germany, the researchers first confirmed that zap-and-freeze worked reliably in mouse tissue by observing calcium signaling, which is the trigger that prompts neurons to release neurotransmitters.

They then used the technique to stimulate mouse neurons and captured the moment when synaptic vesicles fused with the cell membrane and released their chemical messengers. The researchers also documented how the cells retrieved and recycled vesicles afterward, a process known as endocytosis.

When the team applied zap-and-freeze to the human tissue samples, they found the same vesicle recycling steps occurring in human neurons.




Key Protein Found in Both Mouse and Human Brains

In both species, the researchers identified the presence of Dynamin1xA, a protein required for ultrafast synaptic membrane recycling, at the locations where endocytosis is believed to take place. This similarity suggests that the mechanisms observed in mice accurately reflect those in humans.

"Our findings indicate that the molecular mechanism of ultrafast endocytosis is conserved between mice and human brain tissues," Watanabe says. He notes that this strengthens the value of using mouse models to study human brain biology.

Looking ahead, Watanabe hopes to apply the zap-and-freeze method to brain tissue collected, with permission, from individuals with Parkinson's disease who are undergoing deep brain stimulation procedures. The goal is to observe how vesicle dynamics may differ in affected neurons.

Funding for the study was provided by the National Institutes of Health (U19 AG072643, 1DP2 NS111133-01, 1R01 NS105810-01A1, R35 NS132153, S10RR026445), Howard Hughes Medical Institute, Kazato Foundation, American Lebanese Syrian Associated Charities, Marine Biological Laboratory, Leipzig University, Roland Ernst Stiftung, Johns Hopkins Medicine, Chan Zuckerberg Initiative, Brain Research Foundation, Helis Foundation, Robert J Kleberg Jr and Helen C Kleberg Foundation, McKnight Foundation, Esther A. & Joseph Klingenstein Fund, and the Vallee Foundation.

Contributors to the research included Chelsy Eddings, Minghua Fan, Yuuta Imoto, Kie Itoh, Xiomara McDonald, William Anderson, Paul Worley and David Nauen from Johns Hopkins, along with Jens Eilers and Kristina Lippmann from Leipzig University.
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Scientists reveal five big moments when your brain dramatically changes | ScienceDaily
Neuroscientists at the University of Cambridge report that the human brain moves through five "major epochs" as it rewires itself from early development to late old age. Each stage reflects a different way the brain supports thinking, learning, and behavior as we grow, mature, and eventually experience age-related decline.


						
A team from Cambridge's MRC Cognition and Brain Sciences Unit analyzed MRI diffusion scans from 3,802 individuals ranging from newborns to 90 years old. These scans track the movement of water through brain tissue, which helps researchers map the networks that link one region to another.

Their findings, published in Nature Communications, show that the brain's structure progresses through five broad phases. Four key "turning points" divide these phases, marking ages when the brain undergoes meaningful reorganization.

Childhood, Adolescence, and a Slow Path to Adulthood

The first epoch spans from birth to about age nine, when a major turning point leads into the adolescent phase. This adolescent period lasts much longer than expected, continuing until roughly age 32 on average.

In the early thirties, the brain's wiring shifts into an adult configuration. This becomes the longest era and continues for more than three decades. A third turning point near age 66 marks the beginning of an "early aging" phase, while the final "late aging" stage emerges around age 83.

"We know the brain's wiring is crucial to our development, but we lack a big picture of how it changes across our lives and why," said Dr. Alexa Mousley, a Gates Cambridge Scholar who led the research. "This study is the first to identify major phases of brain wiring across a human lifespan."

"These eras provide important context for what our brains might be best at, or more vulnerable to, at different stages of our lives. It could help us understand why some brains develop differently at key points in life, whether it be learning difficulties in childhood, or dementia in our later years."




Early Brain Growth: Synapses, Consolidation, and Rapid Change

From infancy through childhood, the brain is shaped by "network consolidation." Babies generate an enormous number of synapses, the points where neurons communicate. Over time, only the most active connections are kept while the rest are eliminated.

During this period, the entire brain follows a consistent rewiring pattern. Grey and white matter grow quickly, pushing cortical thickness (the distance between outer grey matter and inner white matter) to its highest point. The folds of the cerebral cortex also stabilize, forming the ridges seen on the outer surface.

By age nine, the brain encounters its first major turning point. Cognitive abilities expand rapidly at this age, but the risk of developing certain mental health conditions also becomes higher.

Adolescence: Increasing Efficiency and More Organized Brain Networks

The second epoch, adolescence, is marked by continued growth of white matter. As these pathways expand, the organization of communication networks becomes more refined. MRI diffusion scans show more orderly water movement in the tissue, reflecting stronger and more coordinated connections.




This period is notable for rising efficiency in how signals move both within individual regions and across the whole brain. These improvements are linked to gains in cognitive performance.

"Neural efficiency is as you might imagine, well connected by short paths, and the adolescent era is the only one in which this efficiency is increasing," said Mousley.

These changes peak in the early thirties, which researchers describe as the "strongest topological turning point" across the entire lifespan.

"Around the age of 32, we see the most directional changes in wiring and largest overall shift in trajectory, compared to all the other turning points," said Mousley. "While puberty offers a clear start, the end of adolescence is much harder to pin down scientifically. Based purely on neural architecture, we found that adolescent-like changes in brain structure end around the early thirties."

Adulthood: Stability and Gradual Compartmentalization

At approximately age 32, the adult epoch begins. This phase is relatively stable compared with earlier stages of life, and no additional major turning points appear for about thirty years. According to the researchers, this aligns with a "plateau in intelligence and personality" described in other studies.

They also noted growing "segregation" during this time, meaning that different brain regions begin to operate in more distinct and specialized ways.

The next turning point, around age 66, is much more subtle. While it does not involve dramatic structural changes, the team still observed meaningful shifts in network organization.

"The data suggest that a gradual reorganization of brain networks culminates in the mid-sixties," said Mousley. "This is probably related to aging, with further reduced connectivity as white matter starts to degenerate. This is an age when people face increased risk for a variety of health conditions that can affect the brain, such as hypertension."

Late Aging: Declining Global Connectivity and Regional Reliance

The final turning point arrives near age 83, signaling the start of the last brain structure epoch. Although the amount of data for this phase is limited, researchers found a clear pattern. The brain becomes less globally connected and depends more heavily on specific regions.

"Looking back, many of us feel our lives have been characterized by different phases. It turns out that brains also go through these eras," said senior author Prof Duncan Astle, Professor of Neuroinformatics at Cambridge.

"Many neurodevelopmental, mental health and neurological conditions are linked to the way the brain is wired. Indeed, differences in brain wiring predict difficulties with attention, language, memory, and a whole host of different behaviors."

"Understanding that the brain's structural journey is not a question of steady progression, but rather one of a few major turning points, will help us identify when and how its wiring is vulnerable to disruption."

The research received support from the Medical Research Council, the Gates Foundation, and the Templeton World Charitable Foundation.
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New research reveals the hidden organism behind Lake Erie's toxic blooms | ScienceDaily
During the warm months, Lake Erie becomes an ideal setting for cyanobacteria, also known as blue-green algae, to grow rapidly. Under these conditions, the algae can form large blooms that release toxins at levels capable of harming both wildlife and people.


						
Researchers at the University of Michigan have now pinpointed the organism responsible for producing these toxins. Their work identifies a particular type of cyanobacteria, known as Dolichospermum, as the source.

Harmful algal blooms, or HABs, can consist of many cyanobacterial species, each capable of generating different toxins. Determining which species produces which toxin is important for monitoring, predicting, and managing bloom events.

Tracing the Source of Microcystin and Saxitoxin

A major bloom in 2014 generated the toxin microcystin and posed a serious threat to Toledo's drinking water supply. Earlier, in 2007, scientists detected signs of an extremely strong toxin called saxitoxin in Lake Erie, although its biological source remained unknown. Saxitoxins belong to a group of closely related neurotoxins that are considered among the most powerful naturally occurring toxins.

"The main advantage of knowing which organism produces the toxin is that it helps us understand the conditions that cause toxin production -- that is, what conditions make those organisms successful," said Gregory Dick, professor of earth and environmental sciences and of environment and sustainability. "Such information can help guide policy and management, though we're still a long way from that in this case."

Using DNA Sequencing to Identify the Toxin Producer

To determine which organism was responsible for saxitoxin, the U-M team collected samples directly from HABs as they appeared in the lake. Lead author Paul Den Uyl applied "shotgun" sequencing, a technique that reads all DNA present in a water sample. With these sequences, he reconstructed a complete genome and then searched that genome for the genes involved in making saxitoxin.




Their analysis revealed several strains of Dolichospermum living in Lake Erie. However, only certain strains carried the ability to produce saxitoxin. While the reason for this difference is not yet clear, the researchers began examining the environmental conditions that may influence toxin production.

Environmental Clues in Temperature and Nutrient Levels

The team collected samples from multiple sites across Lake Erie throughout the year and measured how much of the saxitoxin-related gene appeared in each sample. They often detected higher levels of this gene in warmer water.

"That is interesting because we do know that the lakes are changing with climate change," said Den Uyl, a scientist at U-M's Cooperative Institute for Great Lakes Research, or CIGLR. "With the warming of the lakes, one of the big questions is, how is that going to change the biological communities, including harmful cyanobacterial blooms?"

They also observed that the gene linked to saxitoxin was less common in areas with elevated ammonium levels. The team suspects this pattern may relate to a distinctive characteristic of Dolichospermum: the presence of a gene that suggests it can use nitrogen in the form of dinitrogen, an abundant atmospheric gas. According to Dick, only a limited number of organisms can use nitrogen in this form, giving Dolichospermum a competitive advantage under certain conditions.

"One of the neat things about having the whole genome is you can see everything the organism can do, at least theoretically," said Dick, who is also director of CIGLR. "You have the whole blueprint for what the organism can do, and we do see the capability of obtaining fixed nitrogen from the water. It's just that getting it in the form of dinitrogen gas is kind of a superpower. Not a lot of organisms can do that, and it makes them more competitive under those conditions."

Monitoring Long-Term Risks in a Changing Lake




According to the researchers, they have monitored saxitoxin in the lake for nine years, but this span is too short to determine whether toxin levels will rise as the climate continues to warm.

"But now that we know who's producing it, I think we can keep a better watch on these organisms and we can also directly assess the gene abundance over time," Dick said. "We plan to continue monitoring the abundance of this organism, but it's too early to tell if it's becoming more abundant. It's just a correlation, but that correlation with temperature is concerning."

Their study appears in the journal Environmental Science & Technology.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251130205503.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists discover hidden switch that helps cancer cells survive | ScienceDaily
Cells frequently encounter conditions that can damage them or even lead to cell death. To keep functioning, they must rapidly adjust which genes are active so they can protect themselves. Cancer cells face even more intense challenges because the environment around a tumor is often harsh and unstable. Despite this, they manage to flourish by activating gene programs that support larger tumor growth and the ability to spread to new areas of the body.


						
Until now, it was unclear how cancer cells transform stressful surroundings into an advantage. Researchers at Rockefeller suspected the answer would come from understanding how the cell's transcription machinery detects these conditions and shifts its activity. Their work has now identified a molecular switch inside breast cancer cells that redirects gene activity toward stress tolerance and tumor expansion.

The study, reported in Nature Chemical Biology, points to a possible new therapeutic target.

"This previously unknown transcription-level mechanism helps the cancer cells survive stressful conditions, so targeting it could disrupt a key survival mechanism that some cancers rely on," says first author Ran Lin, a research associate from the Laboratory of Biochemistry and Molecular Biology at The Rockefeller University. "It's another example of how basic research can open promising therapeutic avenues."

"We found that this molecular switch is mediated by a generic transcription complex normally required for all protein-coding genes," says Robert Roeder, head of the lab. "But what was most unexpected is that its individual subunits can be repurposed for several physiological functions -- including a function that allows cancer cells to survive and grow in high-stress environments."

Key Transcription Players and the Role of MED1

RNA polymerase II, also called Pol II, is the enzyme responsible for transcribing protein-coding genes in eukaryotic cells. Roeder originally discovered Pol II, and it often works together with the Mediator complex, a large coactivator made up of 30 subunits, to initiate the first steps of transcription. Additional adjustments to the resulting RNA can occur through post-transcriptional modifications, which further influence gene expression.




One important Mediator subunit is MED1. It is required for Pol II transcription in many cell types, including estrogen receptor-positive breast cancer (ER+ BC), which is one of the most common breast cancer categories.

Roeder's lab previously showed that interactions between estrogen receptors and MED1 strongly activate gene expression in ER+ BC. In some cases, this interaction can even reduce the effectiveness of cancer drugs. These earlier findings led Lin to question whether MED1 might also support cancer cell survival when the cells are under stress.

Investigating MED1 and Acetylation

Lin began by examining whether MED1 undergoes acetylation. Acetylation involves the addition of an acetyl group to a protein, and this chemical modification can alter how proteins function. Scientists are increasingly recognizing the impact of acetylation on tumor growth, cancer spread, and treatment resistance.

Once Lin confirmed that MED1 is acetylated, he investigated how this modification affects its activity during stressful conditions. The researchers exposed cells to several types of stress, including hypoxia (lack of oxygen), oxidative stress, and heat stress.

Stress Response Through Deacetylation

The team discovered that during stress, a protein known as SIRT1 removes acetyl groups from MED1. This process, referred to as "deacetylation," allows MED1 to partner more effectively with Pol II, boosting the potential for activating protective genes.




To further test this mechanism, the researchers engineered a version of MED1 missing six specific acetylation sites, which made it incapable of being acetylated. They then placed this modified protein into ER+ breast cancer cells where the natural MED1 had been removed using CRISPR.

The results were clear: whether MED1 was deacetylated due to stressful conditions or because it simply could not be acetylated, the outcome was the same. Breast cancer cells containing deacetylated MED1 produced tumors that grew more quickly and showed higher resistance to stress.

A Regulatory Switch Linked to Tumor Growth

"Our work reveals that the acetylation and deacetylation of MED1 act as a regulatory switch that helps cancer cells reprogram transcription in response to stress, supporting both survival and growth," Lin says. "In cancer -- particularly in ER+ breast cancer -- this pathway may be co-opted or intensified to support abnormal growth and survival. We hope these insights will inform future drug development, especially for breast cancers and possibly other malignancies that rely on stress-induced gene reprogramming."

"This MED1 regulatory pathway appears to be part of a wider paradigm in which acetylation regulates transcription factors," Roeder adds. "Our earlier work on p53 helped establish that principle. Continuing to probe these basic mechanisms is what allows us to identify pathways that may eventually be leveraged for therapeutic purposes."
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New study finds cancer-linked compounds in common foods | ScienceDaily
In today's world, many people are paying closer attention to their health and daily routines, with fitness habits and calorie-tracking apps becoming increasingly common. As part of this trend, more individuals are trying to include nutrient-dense foods such as fruits and vegetables in their diets. However, these foods can sometimes contain polycyclic aromatic hydrocarbons (PAHs) (hydrophobic organic compounds comprising multiple fused aromatic rings) and related substances. This contamination can occur through environmental exposure or through cooking methods such as heating, smoking, grilling, roasting, and frying. Some PAHs are known to be carcinogenic, creating potential health concerns.


						
Given these risks, accurately extracting and identifying PAHs in food is extremely important. Traditional extraction approaches, including solid-phase, liquid-liquid, and accelerated solvent extraction, are effective but often slow, labor intensive, and less environmentally friendly. To address these challenges, researchers have turned to the QuEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe) method, a technique designed to simplify and speed up the extraction of organic compounds. This approach shortens processing time, increases accuracy and recovery, and streamlines sample preparation, contributing to safer and more efficient PAH analysis.

SeoulTech Researchers Apply QuEChERS to Eight PAHs

A recent investigation by a team from the Department of Food Science and Biotechnology at Seoul National University of Science and Technology, led by Professor Joon-Goo Lee, applied the QuEChERS method to measure eight PAHs (Benzo[a]anthracene, Chrysene, Benzo[b]fluoranthene, Benzo[k]fluoranthene, Benzo[a]pyrene, Indeno[1,2,3-cd]pyrene, Dibenz[a,h]anthracene, and Benzo[g,h,i]perylene) in food. The study was published in Food Science and Biotechnology.

To perform the analysis, the researchers used acetonitrile to extract PAHs before purifying the samples with several combinations of sorbents. Using multiple food matrices, they confirmed that the QuEChERS method produced highly consistent results. Calibration curves for all eight PAHs showed exceptional linearity, with the R2 value surpassing 0.99.

Gas chromatography-mass spectrometry testing revealed detection limits ranging from 0.006 to 0.035 mg/kg and quantification limits between 0.019 and 0.133 mg/kg. Recovery rates were equally strong, ranging from 86.3 to 109.6% at 5 mg/kg, 87.7 to 100.1% at 10 mg/kg, and 89.6 to 102.9% at 20 mg/kg, with precision values between 0.4 and 6.9% across all tested food matrices.

Prof. Lee explains, "This method not only simplifies the analytical process but also demonstrates high efficiency in detection compared to conventional methods. It can be applied to a wide range of food matrices."

Practical Applications and Public Health Benefits




In food-related industries, this method could support more effective safety inspections and improve overall quality control. It may also lower operational costs and enhance worker safety.

"Our research can improve public health by providing safe food. It also reduces the use and emission of hazardous chemicals in laboratory testing," concludes Prof. Lee.

Overall, the study demonstrates that the PAH analysis technique built on the QuEChERS approach is rapid, accurate, and environmentally sustainable.
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Scientists discover a hidden brain circuit that rewrites vision | ScienceDaily
Vision guides an animal's actions, but new research from MIT shows that the relationship goes both ways. The study, published November 25 in Neuron, reports that behavior and internal conditions directly influence how visual information is processed. In mice, the brain's prefrontal cortex, which serves as a major center for executive control, sends tailored signals to regions involved in vision and movement. These signals adjust how those regions operate depending on factors such as how alert the mouse is and whether it is actively moving.


						
"That's the major conclusion of this paper: There are targeted projections for targeted impact," said senior author Mriganka Sur, Paul and Lilah Newton Professor in The Picower Institute for Learning and Memory and MIT's Department of Brain and Cognitive Sciences.

Investigating Customized Prefrontal Signals

Scientists have long proposed, including Sur's colleague Earl K. Miller at MIT, that the prefrontal cortex can guide the activity of more posterior areas of the brain. While anatomical evidence has supported this idea, the goal of the new study was to determine whether the prefrontal cortex sends one broad type of signal or instead crafts distinct messages for different target regions. Lead author and Sur Lab postdoctoral researcher Sofie Ahrlund-Richter also sought to identify which specific neurons receive these signals and how the communication influences downstream processing.

Different Prefrontal Regions Serve Different Roles

The team identified a number of new insights. Two areas in the prefrontal cortex, the orbitofrontal cortex (ORB) and the anterior cingulate area (ACA), were found to relay information about both arousal and movement to two other regions: the primary visual cortex (VISp) and the primary motor cortex (MOp). These messages appear to have unique effects. For example, higher arousal increased ACA's tendency to help VISp sharpen its visual representations. ORB, however, became influential only when arousal was very high, and its involvement appeared to decrease the clarity of visual encoding. According to Ahrlund-Richter, ACA may help the brain focus on potentially meaningful visual details as arousal rises, while ORB may act to reduce attention to distracting or overly strong stimuli.

"These two PFC subregions are kind of balancing each other," Ahrlund-Richter said. "While one will enhance stimuli that might be more uncertain or more difficult to detect, the other one kind of dampens strong stimuli that might be irrelevant."

Mapping and Monitoring Brain Circuits




To better understand the involved pathways, Ahrlund-Richter performed detailed anatomical tracing of the connections ACA and ORB form with VISp and MOp. In additional experiments, mice ran freely on a wheel while viewing structured images or naturalistic movies at different contrast levels. At certain moments, small air puffs increased the animals' arousal level. Throughout these tasks, researchers recorded the activity of neurons in ACA, ORB, VISp and MOp, with particular attention to the signals traveling along the axons linking prefrontal and posterior areas.

The tracing work showed that ACA and ORB each communicate with a variety of cell types in their target regions rather than a single cell class. They also connect in distinct spatial patterns. In VISp, ACA primarily targeted layer 6, while ORB communicated mainly with layer 5.

How Arousal and Movement Shift Visual Processing

When the team examined the transmitted information and neural activity, several consistent patterns emerged. ACA neurons conveyed more detailed visual information than ORB neurons and were more responsive to changes in contrast. ACA activity also tracked closely with arousal level, while ORB responded only when arousal reached a high threshold. When signaling to MOp, both regions conveyed information about running speed. When signaling to VISp, however, they only indicated whether the mouse was moving or still. The two prefrontal regions also carried information about arousal and a small amount of visual detail to MOp.

To see how this communication affects visual processing, the researchers temporarily blocked the pathways leading from ACA and ORB to VISp. This allowed them to measure how VISp neurons responded without these inputs. They found that ACA and ORB exerted specific and opposing effects on visual encoding depending on the mouse's movement and level of arousal.

A Specialized Model of Prefrontal Feedback

"Our data support a model of PFC feedback that is specialized at both the level of PFC subregions and their targets, enabling each region to selectively shape target-specific cortical activity rather than modulating it globally," the authors wrote in Neuron.




In addition to Sur and Ahrlund-Richter, the research team included Yuma Osako, Kyle R. Jenks, Emma Odom, Haoyang Huang, and Don B. Arnold.

The work was supported by a Wenner-Gren foundations Postdoctoral Fellowship, the National Institutes of Health, and the Freedom Together Foundation.
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Why some memories last a lifetime while others fade fast | ScienceDaily
Every day, the brain turns passing impressions, creative sparks, and emotional experiences into lasting memories that shape our identity and guide our decisions. A central question in neuroscience has been how the brain determines which pieces of information are worth storing and how long those memories should remain.


						
Recent findings show that long-term memories form through a sequence of molecular timing mechanisms that activate across different parts of the brain. Using a virtual reality behavioral system in mice, scientists identified regulatory factors that help move memories into increasingly stable states or allow them to fade entirely.

A study published in Nature highlights how several brain regions work together to reorganize memories over time, with checkpoints that help assess how significant each memory is and how durable it should be.

"This is a key revelation because it explains how we adjust the durability of memories," says Priya Rajasethupathy, head of the Skoler Horbach Family Laboratory of Neural Dynamics and Cognition. "What we choose to remember is a continuously evolving process rather than a one-time flipping of a switch."

Moving Beyond the Classic Memory Model

For many years, researchers focused on two primary memory centers: the hippocampus, which supports short-term memory, and the cortex, which was believed to store long-term memories. These long-term memories were thought to sit behind biological on-and-off switches.

"Existing models of memory in the brain involved transistor-like memory molecules that act as on/off switches," says Rajasethupathy.




This older view suggested that once a memory was marked for long-term storage, it would persist indefinitely. Although this framework provided useful insights, it did not explain why some long-term memories last for weeks while others remain vivid for decades.

A Key Pathway Linking Short and Long-Term Memory

In 2023, Rajasethupathy and colleagues described a brain circuit that connects short-term and long-term memory systems. A central element of this pathway is the thalamus, which helps determine which memories should be kept and directs them to the cortex for long-term stabilization.

These discoveries opened the door to deeper questions: What happens to memories once they leave the hippocampus, and what molecular processes decide whether a memory becomes lasting or disappears?

Virtual Reality Experiments Reveal Memory Persistence

To investigate these mechanisms, the team built a virtual reality setup that allowed mice to form specific memories. "Andrea Terceros, a postdoc in my lab, created an elegant behavioral model allowed us to break open this problem in a new way," Rajasethupathy says. "By varying how often certain experiences were repeated, we were able to get the mice to remember some things better than others, and then look into the brain to see what mechanisms were correlated with memory persistence."

Correlation alone could not answer the key questions, so co-lead Celine Chen created a CRISPR-based screening platform to alter gene activity in the thalamus and cortex. This approach showed that removing certain molecules changed how long memories lasted, and each molecule operated on its own timescale.




Timed Programs Guide Memory Stability

The results indicate that long-term memory relies not on a single on/off switch, but on a sequence of gene-regulating programs that unfold like molecular timers across the brain.

Early timers activate quickly but fade fast, allowing memories to disappear. Later timers turn on more gradually, giving important experiences the structural support needed to persist. In this study, repetition served as a stand-in for importance, letting researchers compare frequently repeated contexts with those seen only occasionally.

The team identified three transcriptional regulators essential for maintaining memories: Camta1 and Tcf4 in the thalamus, and Ash1l in the anterior cingulate cortex. These molecules are not required to form the initial memory but are crucial for preserving it. Disrupting Camta1 and Tcf4 weakened connections between the thalamus and cortex and caused memory loss.

According to the model, memory formation begins in the hippocampus. Camta1 and its downstream targets help keep that early memory intact. Over time, Tcf4 and its targets activate to strengthen cell adhesion and structural support. Finally, Ash1l promotes chromatin remodeling programs that reinforce memory stability.

"Unless you promote memories onto these timers, we believe you're primed to forget it quickly," Rajasethupathy says.

Shared Memory Mechanisms Across Biology

Ash1l is part of a protein family known as histone methyltransferases, which help maintain memory-like functions in other systems. "In the immune system, these molecules help the body remember past infections; during development, those same molecules help cells remember that they've become a neuron or muscle and maintain that identity long-term," Rajasethupathy says. "The brain may be repurposing these ubiquitous forms of cellular memory to support cognitive memories."

These discoveries may eventually help researchers address memory-related diseases. Rajasethupathy suggests that, by understanding the gene programs that preserve memory, scientists may be able to redirect memory pathways around damaged brain regions in conditions such as Alzheimer's. "If we know the second and third areas that are important for memory consolidation, and we have neurons dying in the first area, perhaps we can bypass the damaged region and let healthy parts of the brain take over," she says.

Next Steps: Decoding the Memory Timer System

Rajasethupathy's team now aims to uncover how these molecular timers are activated and what determines their duration. This includes investigating how the brain evaluates the importance of a memory and decides how long it should last. Their work continues to point toward the thalamus as a central hub in this decision-making process.

"We're interested in understanding the life of a memory beyond its initial formation in the hippocampus," Rajasethupathy says. "We think the thalamus, and its parallel streams of communication with cortex, are central in this process."
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Simple thyroid check in pregnancy may lower autism risk | ScienceDaily
Women who experience continuing thyroid hormone irregularities throughout pregnancy may face a higher chance of having a child diagnosed with autism, according to a study released in The Journal of Clinical Endocrinology & Metabolism.


						
Thyroid hormones supplied by the mother play an important role in fetal neurodevelopment. When these hormones become disrupted during pregnancy, previous work has linked the imbalance to atypical brain development and a higher likelihood of autism spectrum disorder (ASD). Autism is a multifaceted condition that shapes how an individual communicates, interacts socially and interprets the world.

Untreated Multi-Trimester Imbalance Carries Higher Risk

"We found that while adequately treated chronic thyroid dysfunction was not associated with increased autism risk in offspring, ongoing imbalance across multiple trimesters was," said Idan Menashe, Ph.D., of the Ben-Gurion University of the Negev in Beer Sheva, Israel. "These findings underscore the need for routine monitoring and timely adjustment of therapy to maintain normal thyroid hormone levels throughout pregnancy."

Large Birth Cohort Shows Clear Pattern

The research tracked more than 51,000 births and reported that mothers with persistent thyroid hormone imbalance across pregnancy had an increased likelihood of having children with autism.

The authors also documented a dose-response pattern, meaning the risk rose as the number of affected trimesters increased.




Research Team and Publication Information

Other contributors to the study include Leena Elbedour of the Ben-Gurion University of the Negev; May Weinberg of the Meir Medical Center in Kfar Saba, Israel, and Tel Aviv University in Tel Aviv, Israel; Gal Meiri of the Soroka University Medical Center in Beer-Sheva, Israel, and the Ben-Gurion University of the Negev; and Analya Michaelovski of the Soroka University Medical Center.

No funding was received for this research.

"Maternal Thyroid Hormone Imbalance and Risk of Autism Spectrum Disorder," was published online, ahead of print.
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Scientists discover hidden wolf DNA in most dogs | ScienceDaily
New findings from scientists at the American Museum of Natural History and the Smithsonian's National Museum of Natural History show that most dogs alive today retain small but measurable amounts of wolf ancestry that developed after domestication. These lingering wolf genes appear to have influenced characteristics such as body size, scent abilities, and aspects of behavior. The research, published on November 24 in Proceedings of the National Academy of Sciences, indicates that this subtle gene flow may help dogs succeed in many different human environments. The team reports that post-domestication wolf ancestry occurs across a broad range of breeds, from the large Shiloh shepherd to the tiny chihuahua.


						
"Modern dogs, especially pet dogs, can seem so removed from wolves, which are often demonized," said the study's lead author Audrey Lin, a Gerstner Postdoctoral Scholar in Bioinformatics and Computational Biology at the American Museum of Natural History. "But there are some characteristics that may have come from wolves that we greatly value in dogs today and that we choose to keep in their lineage. This is a study about dogs, but in a lot of ways, it's telling us about wolves."

Ancient Origins and Limited Hybridization

Dogs trace their origins to an extinct population of gray wolves that evolved alongside humans during the late Pleistocene about 20,000 years ago. Although wolves and dogs still share territory and are capable of producing fertile offspring, actual hybridization between them is unusual. Except for a few deliberate crosses, researchers have found little evidence of genetic mixing after domestication established separate lineages.

"Prior to this study, the leading science seemed to suggest that in order for a dog to be a dog, there can't be very much wolf DNA present, if any," Lin said. "But we found if you look very closely in modern dog genomes, wolf is there. This suggests that dog genomes can "tolerate" wolf DNA up to an unknown level and still remain the dogs we know and love."

Large Genomic Survey Highlights Deep Ancestry Links

The research team examined more than 2,700 published genomes from the National Center for Biotechnology Information and the European Nucleotide Archive, including wolves, breed dogs, village dogs, and other canids from the late Pleistocene to the present. Their analysis revealed that almost two-thirds of breed dogs retain wolf ancestry within their nuclear genome from hybridization events that occurred around 1,000 generations ago. Every village dog genome studied also showed detectable wolf ancestry. Village dogs are free-roaming animals that live in or near human communities.




Czechoslovakian and Saarloos wolfdogs, intentionally bred through wolf-dog hybridization, had the highest wolf ancestry levels at 23-40 percent. Among typical dog breeds, the great Anglo-French tricolor hound had the strongest signal at 4.7 to 5.7 percent, followed by the Shiloh shepherd at 2.7 percent. While the Shiloh shepherd's wolf ancestry fits with its history of breeding with wolfdogs or other recent hybrids to create healthier shepherd dogs in the US, the elevated wolf ancestry in the Great Anglo-French tricolor hound, the most common hound in France, is both unexpected and unexplained. The Tamaskan, a "wolfalike" breed created in the UK during the 1980s by selecting huskies, malamutes, and other dogs for a wolf-like appearance, has about 3.7 percent wolf ancestry.

Wolf Influence Across Dog Types and Sizes

The researchers identified several broad trends in their data. Larger dogs and those bred for specific types of work, such as Arctic sled dogs, "pariah" breeds, and hunting dogs, tended to have higher levels of wolf ancestry. Terriers, gundogs, and scent hounds typically had the lowest levels. Some large guardian dogs showed high wolf ancestry, while others, including the Neapolitan mastiff, bullmastiff, and St. Bernard, showed none. Wolf ancestry also appeared in breeds that did not fit these patterns, including the chihuahua, which had about 0.2 percent wolf ancestry.

"This completely makes sense to anyone who owns a chihuahua," Lin said. "And what we've found is that this is the norm most dogs are a little bit wolfy."

Personality Traits and Wolf Ancestry Trends

The team also compared how kennel clubs describe the behaviors of breeds with the highest and lowest wolf ancestry. Breeds with low levels were most often labeled "friendly," followed by "eager to please," "easy to train," "courageous," "lively," and "affectionate." Breeds with higher wolf ancestry were more often described as "suspicious of strangers," "independent," "dignified," "alert," "loyal," "reserved," and "territorial." Descriptors such as "intelligent," "obedient," "good with children," "dedicated," "calm," and "cheerful" appeared with similar frequency in both groups. The researchers emphasized that these personality labels reflect human observations and that it remains unclear whether wolf-derived DNA directly influences these traits. Even so, the findings open new directions for future behavioral research.




Wolf-Derived Adaptations in Modern Dogs

The study also highlighted several adaptations that dogs appear to have inherited from wolves. Village dogs showed enriched wolf ancestry in olfactory receptor genes, which may support their need to locate human food waste. Another adaptation traced to a Tibetan wolf-like gene enables Tibetan mastiffs to tolerate low-oxygen environments in the Tibetan Plateau and the Himalayas.

"Dogs are our buddies, but apparently wolves have been a big part of shaping them into the companions we know and love today," said study co-author Logan Kistler, curator of archaeobotany and archaeogenomics at the National Museum of Natural History. "Through the years, dogs have had to solve all kinds of evolutionary problems that come with living with humans, whether it's surviving at high altitude, searching for their next meal as they freely roam a village, or protecting the herd, and it seems like they use wolf genes as part of a toolkit to continue their evolutionary success story."

Other study authors include Regina Fairbanks, from the University of California, Davis; Jose Barba-Montoya, from the American Museum of Natural History; and Hsiao-Lei Liu, from the National Museum of Natural History and University of Stockholm.
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Millions are about to choose the wrong Medicare plan | ScienceDaily
Right now, 68  million Americans have a deadline coming up: the deadline to decide  their Medicare health coverage for next year if they're over age 65 or  have major disabilities.


						
They must make those decisions by December 7, for coverage beginning January 1, 2026, which makes this time, known as Medicare Open Enrollment, a very important time.

And  yet, University of Michigan research has shown that many people covered  by Medicare don't take key steps during Open Enrollment that could save  them money, headaches and worry.

Based  on that research, here are five tips for everyone who has Medicare -  and the family members and friends who can help them with their choices.

Use the tools

The official Medicare website  has a lot of easy-to-understand and straightforward tools to help  anyone understand their Medicare coverage options, and explore the  options open to them or their loved ones.

But only 33% of people with Medicare used the Internet at all to explore their options, according to a recent U-M study.




That's even though the choices can be dizzying: many people have dozens of options.  Nearly all people have more than 10 Medicare Advantage plans to choose from, as well as multiple Part D prescription drug and Medigap supplemental plans to choose from if they opt for traditional Medicare.

The Medicare Plan Compare site is the place to start, and you can  start on the Your Medicare Options page.

It's  available even during the government shutdown, because the  plan-navigation tools on it were built before the shutdown began.

Using  the Plan Compare site, you can see which Medicare Advantage and Part D  prescription drug plans serve your area, what services or drugs they  cover, what they charge for monthly premiums and for copays and other  costs when you get health care or fill a prescription, and what the  plan's overall star rating is.

If  you have a Medicare Advantage plan now, using the Plan Compare tool  will also show you if your current plan will still be available next  year.

Some plans are ending or combining with others.




You  can also enter your prescription drug names and doses to see what they  will cost you on different Part D plans, and whether pharmacies near you  are in-network.

This  includes the Part D drug coverage in many Medicare Advantage plans, as  well as standalone Part D plans for people who choose traditional  Medicare.

U-M researchers showed that using the prescription drug tool to compare estimated costs could save people a lot of money.

They  did the study before the annual cap on Medicare prescription costs took  effect in 2025, but still feel it's important for everyone with  Medicare drug coverage to use the tool.

If  you need help navigating the Plan Finder site, or signing up for an  account that will help you get the most use out of it, don't be afraid  to ask a friend, family member or neighbor. Or use the independent help  described in Tip 2, below.

"Given  changing clinical circumstances and the fact that insurance plan costs  and benefits are often modified from year to year, it is very important  that people with Medicare coverage use the available tools during Open  Enrollment to identify a plan that best meets their medical needs and  fits their financial situation," said A. Mark Fendrick, M.D., director  of U-M's center for Value Based Insurance Design.

Get independent help

Half of people with Medicare get their coverage through Medicare Advantage plans run by insurance companies.

And  of the other half, who choose traditional Medicare, nearly half get  Part D prescription drug plans and "Medigap" add-on plans from private  insurance companies.

Those  insurance companies send out a lot of mail and email at this time of  year, trying to persuade people to choose their plans.

They  make phone calls, pay for advertising and even hold events where  participants get a free meal in exchange for listening to the sales  pitch for that plan.

They do all this because they make money on enrollees who are healthier and don't use their insurance a lot.

Then  there are insurance brokers and agents - people who do one-on-one  consultations, but are paid for every person they sign up for a  particular company's plan.

While  all of this can inform your decision, these aren't independent sources  of information. However, there is an independent source: your State Health Insurance Assistance Program, or SHIP.

Each state has one, with paid staff and trained volunteers who don't have a financial stake in which plan you choose.

You can find your state's SHIP program here.

"With  the overwhelming number of plans and the vast amount of information  available, it's essential to remember that free help is available," said  Lianlian Lei, Ph.D., who has studied Medicare enrollment by older  adults and is an assistant professor in the U-M Medical School's  Department of Psychiatry.

"Seeking independent, unbiased assistance is crucial to making the best choice," she added.

Because  SHIP programs don't have the marketing dollars that insurance companies  and brokers do, many people don't know about them.

In fact, a recent U-M poll showed that 75% of older adults have never heard of SHIP, and another 21% have heard of it but haven't used it.

Only 4% of older adults had used SHIP services, even though they're available for free to anyone eligible for Medicare.

In Michigan, anyone can reach the state SHIP program by calling 1-800-803-7174 from 8 a.m. to 8 p.m., Monday through Friday.

You'll  speak with an agent who can schedule an appointment or provide a  referral to a trained, certified counselor in their community.

Not only that, the staff at this help line, called MiOptions, can also help older adults and their caregivers find out what other assistance they might qualify for.

You  may also find trained SHIP volunteers offering free in-person  counseling sessions at your local public library or senior center; check  the events listings to see if any are coming up and how to make an  appointment.

Interested in learning how to offer this kind of independent help to others as a SHIP volunteer? Visit this page.

Look at the total package, not just the monthly premiums

When choosing any insurance, a lot of people focus on the monthly premium, and not on the total package of coverage.

This is true for Medicare too.

When you use the Medicare Plan Compare tool, you can see monthly premiums for different Medicare Advantage plans side-by-side.

But  you can also see things like co-pays and other costs, which can vary a  lot depending on how much health care a person actually uses.

The Plan Compare tool does not allow you to compare Medicare Advantage to traditional Medicare plus any add-on plans you choose.

So, you'll want to note these costs for traditional Medicare, and then explore the Part D prescription drug plans and Medigap plans available in your area.

And  remember, even if a Medicare Advantage plan says it has a $0 premium,  that's just for the coverage it provides beyond Part B.

Unless  the plan includes a Part B premium reduction, which most don't, you  will still need to pay a monthly premium of at least $185, or more if  you have a higher income.

Sometimes  a plan with a higher monthly premium has lower out-of-pocket costs due  at the time of care, or a lower cap on total out-of-pocket costs that  you could owe each year.

The National Council on Aging has a great guide to all of these kinds of costs.

When  choosing a Part D prescription drug plan or a Medigap plan to go with  traditional Medicare coverage, it's also important to compare options,  based on the medications you take or whether you travel a lot or live in  a second location during part of the year.

But surprisingly, U-M research shows it  isn't cost but access to care providers, and dissatisfaction with  quality of care, that drive most people to switch Medicare Advantage  plans.

Access  to care is also the biggest driver for people leaving Medicare  Advantage to switch to traditional Medicare, the study found.

That's why it's important to look at the star ratings that Medicare Advantage and Part D prescription plans have earned from past members' opinions of them.

It's  also important to look at the networks of hospitals, doctors and other  providers that each Medicare Advantage plan will allow you to go to, or  the restrictions on specific drug classes that Part D plans might  impose.

This kind of information is only available on each plan's website.

The same research team has also looked at Medicare's "revolving door" and the patterns of switching to and from the different forms of Medicare.

One  item they note: Most states do not require insurers to ensure that  people have the right to purchase Medigap plans regardless of their  health status, except for an initial period after they enroll in  Medicare for the first time.

This  can result in Medicare Advantage "lock-in" for individuals with costly  care needs, meaning they are unable to obtain Medigap coverage to help  offset high out-of-pocket costs in traditional Medicare.

So,  if you have significant health issues and have been in a Medicare  Advantage plan, but you are thinking of switching to traditional  Medicare, it's important to understand if you'll be able to get an  affordable Medigap plan to cover costs that traditional Medicare doesn't  cover.

If you have a low income, see if you're eligible for extra assistance

For  older adults and people with disabilities who have limited incomes,  there are new programs and supports available for 2026, on top of the  ones already in place in 2025.

Some of them are automatic, but some require you to apply for them.

You can get help understanding all of the options open to you by contacting the SHIP program for your state (see above).

But here are some major ones to be aware of:
    	Medicaid and Medicare together:  Certain people are what's called "dually eligible" because they are old  or disabled enough to qualify for Medicare, and have incomes low enough  or disabilities serious enough to qualify for Medicaid.     Each state has its own rules for qualifying for Medicaid; visit this page to learn more and use this page to find your state's Medicaid agency contact information.  
    If you do qualify for both Medicare and Medicaid, the Medicaid program may help pay some of your Medicare costs.     Your state's Medicaid agency can tell you more.     Also,  if you have Medicaid coverage, with or without Medicare, it's important  to know that you have to re-qualify every year; U-M research shows that  many people don't know this.
    	Medicare Savings Programs: There are four different programs available to people with limited resources and incomes.     Visit this page to learn more; contact your state's agency to learn how to enroll.
    	Help with drug costs through the Extra Help program: This  program for Part D drug programs gives people with limited incomes and  assets coverage for their medications with no monthly premium, no  deductibles and low costs for drugs they get at pharmacies. Some people  get enrolled automatically, but others may apply.
    	Help with drug costs through the Medicare Prescription Payment Program:  This program, open to anyone who has Part D prescription drug coverage  through Medicare, allows you to smooth out your prescription costs over  the year, so you don't get a "spike" that might not be affordable.     Learn more here.  It's important to note that this program is one that you have to enroll  in yourself, through your Part D drug plan provider, and you need to  renew it every year; you do not get enrolled automatically.
    	PACE program:  The Program of All-inclusive Care for the Elderly, or PACE, aims to  support home-based living for adults age 55 and older who are eligible  for both Medicare and Medicaid and who need nursing-home level care.     It covers the cost of services beyond what Medicare and Medicaid cover. Find out if it's available in your area here.
    	Special needs plans: These are special  Medicare plans for people who are dually eligible for Medicare and  Medicaid; people with certain major health conditions including cancer,  heart failure, dementia, diabetes, disabling mental health conditions,  stroke, and others; and people who need nursing-home-level care for any reason.

You  can find out if there's one serving your area, and whether you might  qualify, using the Plan Compare tool or by contacting your state's SHIP  program.

Don't assume you and your spouse or partner should have the same plan

If you are married or live with a partner, your instinct might be to enroll in the same plan as them for convenience.

But that's not always the best choice.

Your health needs, and your spouse's or partner's needs, may be very different. One of you might be retired, the other working.

Or maybe you have different coverage related to your past employment or military service.

If one of you has dementia, for instance, there may be special plans and programs that could cover more services.

But U-M research showed that people with and without dementia make very similar Medicare Advantage choices, which may mean they aren't examining all their options.

No  matter what your health status, and your spouse or partner's health  status, it's still important to make individual choices when it comes to  Medicare Open Enrollment.

U-M research has shown, though, that many people with Medicare Advantage coverage are making changes to their coverage in sync with their spouse or partner.

The  Medicare online tools don't have a "couples" setting, so each person  should go through the process by inputting their information.

You could seek SHIP counseling together, but you may have to make two appointments depending on the program in your area.

Bonus tip about Medicare enrollment

Even if you make a choice during Medicare Open Enrollment, you may not be stuck with that choice for all of 2026.

For  instance, if you choose a Medicare Advantage plan, but then realize in  early 2026 that it's not right for you, you will have until March 31 to choose a different Medicare Advantage Plan or move to traditional Medicare.

And  if you have a major change in your income, employment, address, or  living situation during 2026, you may become eligible for a Special Enrollment Period that will allow you to change plans.

This  article contains information based on research by, and expertise from,  experts who are part of the U-M Institute for Healthcare Policy and  Innovation, including Lianlian Lei, Ph.D., U-M Medical School Department  of Psychiatry; Geoffrey Hoffman, Ph.D., U-M School of Nursing; Kristian  Stensland, M.D., M.P.H., M.S., U-M Medical School Department of  Urology; and A. Mark Fendrick, M.D., and Renuka Tipirneni, M.D., M.Sc.,  U-M Medical School Department of Internal Medicine, Division of General  Medicine. Data on awareness of SHIP comes from the National Poll on  Healthy Aging, based at IHPI.
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Fructose may quietly supercharge your inflammation | ScienceDaily
Despite major progress in medicine, infections caused by viruses and bacteria continue to rank among the leading causes of death worldwide. This has raised new scientific interest in understanding whether certain nutrients might influence the body's defense system. A team led by Ina Bergheim from the Department of Nutritional Sciences at the University of Vienna has shown for the first time that monocytes, a group of important immune cells found in the bloodstream, react more intensely to bacterial toxins after people consume fructose -- and this reaction is harmful rather than protective. The researchers found that levels of receptors that recognize bacterial toxins rose, making the body more prone to inflammation. The results were published in Redox Biology.


						
To investigate this effect, the researchers carried out two randomized studies involving healthy adults. They compared the immune response after drinking beverages sweetened with fructose to the response after drinking glucose-sweetened beverages. The team also examined isolated monocytes and used cell culture tests to explore the underlying biological mechanisms in greater detail.

Fructose Increases Toxin-Sensing Receptors in Immune Cells

Their findings showed that fructose intake, unlike glucose, led to higher concentrations of Toll-like receptor 2 in monocytes. Toll-like receptor 2 plays a key role in controlling how the immune system reacts. The rise in this receptor was linked to greater sensitivity to lipoteichoic acid, a bacterial toxin. "The concentration of receptors for such toxins in the body increased, which means that the inflammatory response increased," explains study leader Ina Bergheim from the University of Vienna. The researchers also reported increased release of pro-inflammatory messengers, including interleukin-6, interleukin-1b and tumor necrosis factor-alpha.

"These findings make an important contribution to understanding how individual food components and fructose in particular can influence the immune system," says Bergheim. "They indicate that even short-term, high fructose consumption in healthy people can influence the immune system and increase inflammation."

Broader Health Implications of High Fructose Intake

According to the researchers, future work should examine how long-term, elevated fructose consumption may affect immune function and infection risk, especially in people who already face health challenges such as type II diabetes mellitus or fatty liver disease, which is associated with metabolic dysfunction. "Sugar, especially the fructose in sugary drinks and sweets, has long been suspected of increasing the risk of developing metabolic diseases -- this needs to be investigated," says Bergheim.
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Your skin has a built-in cancer defense and sunlight turns it off | ScienceDaily
Sunlight plays an important role in human health because it helps the body synthesize essential nutrients such as vitamin D. At the same time, spending too long in the sun can greatly increase the likelihood of developing skin cancer.


						
In a new study in Nature Communications, scientists at the University of Chicago report how long-term exposure to ultraviolet (UV) radiation can set off inflammatory reactions in skin cells by breaking down a key protein called YTHDF2. This protein acts like a gatekeeper that helps stop normal skin cells from turning cancerous. The researchers showed that YTHDF2 is central to controlling RNA metabolism so that cells remain healthy, and their work points to possible new strategies for preventing and treating skin cancer.

UV Radiation, Inflammation, and Rising Skin Cancer Cases

Every year, almost 5.4 million people in the United States receive a skin cancer diagnosis, and more than 90% of these cases are linked to excessive UV exposure. UV radiation can injure DNA and generate oxidative stress in skin cells, which in turn triggers inflammation that causes the familiar redness, pain, and blistering of sunburn.

"We're interested in understanding how inflammation caused by UV exposure contributes to the development of skin cancer," said Yu-Ying He, PhD, Professor of Medicine in the Section of Dermatology at the University of Chicago.

RNA, or ribonucleic acid, is a crucial molecule that helps translate genetic information into proteins. One important group of RNA molecules, known as non-coding RNAs, regulates gene activity without making proteins. These non-coding RNAs usually carry out their functions either in the nucleus, where the cell's DNA is located, or in the cytoplasm, where most cellular processes occur.

How YTHDF2 Helps Protect Skin Cells

He's laboratory focuses on how environmental stressors, including UV radiation and arsenic in drinking water, disrupt molecular pathways and damage cellular systems in ways that promote cancer. In their experiments, the team screened multiple enzymes and discovered that UV exposure significantly lowers the amount of YTHDF2 in cells. YTHDF2 is a "reader" protein that specifically recognizes RNA sequences tagged with a chemical modification called N6-methyladenosine (m6A).




"When we removed YTHDF2 from skin cells, we saw that UV-triggered inflammation was much worse," He said. "This suggests that the YTHDF2 protein plays a key role in suppressing inflammatory responses."

Inflammation is vital for defending the body against infections, but if it is not carefully controlled, it can drive serious diseases, including cancer. The detailed molecular mechanisms that keep this response in check after UV damage, however, are still not fully understood.

Non-Coding RNA, Immune Sensors, and UV Stress

Using multi-omics approaches and additional cell-based tests, the researchers showed that YTHDF2 binds to a particular non-coding RNA called U6, which carries an m6A modification and is categorized as a small nuclear RNA (snRNA). Under UV stress, cancer cells accumulated higher levels of U6 snRNA, and these modified RNAs were found to interact with toll-like receptor 3 (TLR3), an immune sensor known to trigger inflammatory pathways associated with cancer.

Unexpectedly, these interactions took place inside structures called endosomes, cellular compartments that usually help recycle materials rather than host U6 snRNA.

"We spent a lot of time figuring out how these non-coding RNAs get to the endosome, since that's not where they usually reside," He explained. "For the first time, we showed that a protein called SDT2 transports U6 into the endosome, and YTHDF2 travels with it."

A Cellular Surveillance System Against Excessive Inflammation




Once YTHDF2 and m6A-modified U6 RNA reach the endosome, YTHDF2 prevents the RNA from activating TLR3. When YTHDF2 is missing, such as after UV-induced damage, U6 RNA can bind freely to TLR3 and set off harmful inflammatory responses.

"Our study uncovers a new layer of biological regulation, a surveillance system through YTHDF2 that helps protect the body from excessive inflammation and inflammatory damage," He said.

This newly described pathway suggests potential strategies for preventing or treating UV-induced skin cancer by targeting the interactions between RNA and proteins that control inflammation.

The study, "YTHDF2 regulates self non-coding RNA metabolism to control inflammation and tumorigenesis," was supported by grants from the National Institutes of Health, the University of Chicago Medicine Comprehensive Cancer Center, the ChicAgo Center for Health and EnvironmenT (CACHET), and the University of Chicago Friends of Dermatology Endowment Fund.

Additional authors include Seungwon Yang, Yan-Hong Cui, Haixia Li, Jiangbo Wei, Gayoung Park, Ming Sun, Michelle Verghese, Emma Wilkinson, Teresa Nam, Linnea Louise Lungstrom, Xiaolong Cui, Tae Young Ryu, Jing Chen, Marc Bissonnette, and Chuan He from the University of Chicago
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Scientists find a hidden obesity trigger in soybean oil | ScienceDaily
Soybean oil is the most commonly used cooking oil in the United States and appears in a wide range of processed foods. Research is now shedding light on how this highly consumed ingredient contributes to obesity in mice.


						
In a University of California, Riverside experiment, most mice fed a high-fat diet rich in soybean oil put on substantial weight. A separate group of genetically engineered mice did not, even though their diets were the same. These modified mice produced a slightly altered version of a liver protein that affects hundreds of genes involved in fat metabolism. The altered protein also changes how the body handles linoleic acid, one of the primary components of soybean oil.

"This may be the first step toward understanding why some people gain weight more easily than others on a diet high in soybean oil," said Sonia Deol, a UCR biomedical scientist and corresponding author of the study published in the Journal of Lipid Research.

How Differences in Liver Proteins May Influence Metabolism

Humans produce both versions of the liver protein HNF4a, but the alternative form generally appears only in special situations, including chronic illness or metabolic stress from fasting or alcoholic fatty liver. Variations in this protein, along with individual differences in age, sex, genetics, and medications, may help explain why some people are more vulnerable to the metabolic impact of soybean oil.

The new findings expand on previous UCR research linking soybean oil to weight gain. "We've known since our 2015 study that soybean oil is more obesogenic than coconut oil," said Frances Sladek, a UCR professor of cell biology. "But now we have the clearest evidence yet that it's not the oil itself, or even linoleic acid. It's what the fat turns into inside the body."

Oxylipins and the Body's Response to Linoleic Acid

Inside the body, linoleic acid is broken down into compounds known as oxylipins. Too much linoleic acid can result in elevated oxylipin levels, which are tied to inflammation and fat buildup.




The genetically engineered, or transgenic, mice produced far fewer oxylipins and had healthier liver tissue despite consuming the same soybean oil-rich diet as normal mice. They also showed better mitochondrial function, which may contribute to their resistance to weight gain.

Researchers identified specific oxylipins created from linoleic acid and alpha-linolenic acid, another fatty acid found in soybean oil. These molecules were required for weight gain in regular mice.

Why Oxylipins Alone Do Not Explain Obesity Risk

Transgenic mice on a low-fat diet still had elevated oxylipins but did not become obese. This suggests that oxylipins do not cause weight gain by themselves and that other metabolic conditions must also be involved.

Additional analysis showed that these altered mice had far lower levels of two enzyme families that convert linoleic acid into oxylipins. These enzymes operate similarly in all mammals, including humans, and their levels vary based on genetics, diet, and other biological factors.

The researchers also reported that only oxylipins in liver tissue, not those circulating in the blood, correlated with body weight. This indicates that standard blood tests may not reliably show early metabolic changes driven by diet.




Rising Soybean Oil Intake and Potential Health Impacts

Soybean oil consumption in the U.S. has increased dramatically over the past century, rising from about 2% of total calories to nearly 10% today. Although soybeans provide plant-based protein and the oil contains no cholesterol, excessive intake of linoleic acid from sources including ultra-processed foods may be contributing to chronic metabolic problems.

The UCR team also found that mice consuming soybean oil had higher cholesterol levels, despite the oil itself containing no cholesterol.

Exploring Other High-Linoleic Oils

Researchers are now examining how oxylipins lead to weight gain and whether similar reactions occur with other oils high in linoleic acid, including corn, sunflower, and safflower oils.

"Soybean oil isn't inherently evil," Sladek said. "But the quantities in which we consume it is triggering pathways our bodies didn't evolve to handle."

While human trials are not currently planned, the scientists hope their work will inform future studies and guide nutrition-related policy.

"It took 100 years from the first observed link between chewing tobacco and cancer to get warning labels on cigarettes," Sladek said. "We hope it won't take that long for society to recognize the link between excessive soybean oil consumption and negative health effects."
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RSV prevention in newborns could cut asthma risk | ScienceDaily
Belgian researchers from VIB and Ghent University (UGent), working with partners in Denmark, have found strong evidence that infection with respiratory syncytial virus (RSV) early in infancy sharply raises the likelihood of developing childhood asthma. The effect is especially pronounced in children who have a family history of allergies or asthma.


						
The findings, published on November 28 in Science Immunology, indicate that protecting newborns from RSV could meaningfully lower asthma rates later in life.

Understanding early asthma risks

Across Europe, 5-15% of children live with asthma, a long-term condition that can affect day-to-day well-being, place a heavy strain on families, and carry significant costs for society. Because of this, discovering effective ways to reduce asthma risk before symptoms begin has become a major health priority.

"Childhood asthma is a complex disease with many contributing factors," explains Prof. Bart Lambrecht (VIB-UGent Center for Inflammation Research), senior author of the study. "We found that early-life RSV infection and genetic allergy risk interact in a very specific way that pushes the immune system toward asthma. The encouraging news is that this process can be prevented."

How RSV and inherited allergy risk work together

To explore this relationship, the team combined nationwide health registry information from all Danish children and their parents with controlled laboratory studies. This approach revealed how an early viral infection can magnify the impact of inherited allergy risk.




The researchers found that infants who suffer severe RSV infections in their first months of life are more likely to develop immune responses that overreact to common allergens, including house dust mites. This tendency becomes even stronger when asthma or allergy runs in the family, since allergen-specific antibodies passed from parents to their newborns increase sensitivity further.

Evidence that prevention could change long-term outcomes

A key part of the work showed that protecting newborns from RSV in experimental models prevented these immune system shifts altogether. As a result, asthma did not develop.

"With RSV prevention now becoming widely accessible, we have an opportunity to improve long-term respiratory health, not just prevent RSV hospitalizations," says Prof. Hamida Hammad (VIB-UGent), co-senior author. "This is not just a laboratory insight. It's a message that should help parents choose RSV prevention with confidence."

Maternal vaccination during the third trimester of pregnancy and passive immunization of newborns using long-acting antibodies are being rolled out in many countries. However, uptake has been uneven, even though these tools are highly effective at preventing RSV hospitalizations.

"This is a moment where policy, science, and pediatricians can come together," Lambrecht adds. "If preventing RSV infection also reduces asthma risk, the benefits for families and health systems could be enormous."

This work was supported by the European Research Council, the University of Ghent, and Research Foundation -- Flanders (FWO).
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Where cannabis stores cluster, emergency visits climb | ScienceDaily
A population-based natural experiment investigated how living near cannabis retail stores relates to cannabis-related harms. The researchers found a connection between store exposure and higher rates of harm, with the largest increases appearing in neighborhoods that had many stores located close together. These results indicate that limiting the number of cannabis retailers, reducing concentrated clusters of stores, or restricting store placement in certain areas could support public health goals. The study appears in Annals of Internal Medicine.


						
A research team from North York General Hospital and partner institutions analyzed data from 6,140,595 people living in Ontario, Canada. Participants were between 15 and 105 years old and lived in 10,574 neighborhoods from April 2017 through December 2022. The team examined whether living near a cannabis retail store after legalization in October 2018 influenced neighborhood-level rates of cannabis-related emergency department (ED) visits.

To define exposure, the researchers used provincial records on cannabis store locations. Neighborhoods were considered exposed if they were located within 1000m of a cannabis retail store and unexposed if they were situated more than 1000m away. The main measure of health impact was the rate of cannabis-attributable ED visits per 100,000 people aged 15 years or older.

The analysis showed that exposed neighborhoods were more commonly located in major urban centers and were disproportionately represented in the lowest income quintile compared to unexposed neighborhoods. After a cannabis store opened nearby, exposed neighborhoods did not show a rise in monthly cannabis-attributable ED visits. By contrast, unexposed neighborhoods experienced a decline in monthly ED visits over the same period.

When the two groups were compared directly, exposed neighborhoods had a 12% increase (CI, 6% to 19%) in the absolute rate of cannabis-attributable ED visits relative to unexposed areas. The researchers also observed that neighborhoods with several cannabis stores located within 1000m experienced greater increases in ED visits than areas with fewer stores. According to the authors, these findings suggest that the combination of legalization and retail expansion may introduce public health risks that differ from legalization on its own.
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Repeated head impacts may quietly break the brain's cleanup system | ScienceDaily
A new study examining cognitively impaired professional boxers and mixed martial arts fighters reports that the brain's waste-clearing system appears to weaken after repeated blows to the head. These findings are scheduled to be presented next week at the annual meeting of the Radiological Society of North America (RSNA).


						
Sports-related traumatic brain injuries represent up to 30 percent of all brain injury cases, with boxing and mixed martial arts among the leading contributors. Sustained head impacts over time are known risk factors for both neurodegenerative and neuropsychiatric conditions.

How the Glymphatic System Removes Waste From the Brain

The glymphatic system consists of fluid-filled channels that help flush waste materials from the brain. Its function is somewhat similar to the lymphatic system that operates throughout the body.

"The recently discovered glymphatic system is like the brain's plumbing and garbage disposal system," said Dhanush Amin, M.D., the study's lead author and a researcher at the University of Alabama at Birmingham and Cleveland Clinic Nevada. "It's vital for helping the brain flush out metabolites and toxins."

To study this system, the researchers used diffusion tensor imaging along the perivascular space (DTI-ALPS), a specialized MRI method that measures how water moves in and around the channels linked to glymphatic flow. These pathways also help maintain fluid balance, deliver nutrients and immune cells, and provide protection against injury.

MRI Biomarkers Reveal Early Signs of Brain Decline

The DTI-derived ALPS index is a non-invasive marker of glymphatic function. Lower ALPS values can indicate cognitive decline and have been associated with the development of conditions such as Alzheimer's and Parkinson's disease.




"When this system doesn't work properly, damaging proteins can accumulate, which have been linked to Alzheimer's and other forms of dementia," said Dr. Amin, now an assistant professor of neuroradiology at the University of Arkansas for Medical Sciences. "Studying this system gives us a new window into understanding and possibly slowing memory loss."

Their analysis drew from baseline data in Cleveland Clinic's Professional Athletes Brain Health Study (PABHS), which tracks roughly 900 active fighters, about 300 of whom have been monitored for at least three years. For this study, the team evaluated information from 280 athletes. Among them, 95 showed cognitive impairment at the start of the study, and 20 healthy individuals served as demographically matched controls.

Higher Initial Glymphatic Activity Followed by Decline

Using the DTI-ALPS technique, the researchers evaluated glymphatic activity among all participants and examined how the DTI-derived ALPS index related to the number of knockouts each athlete had experienced. They also compared impaired fighters with those who showed no cognitive impairment.

"We thought repeated head impacts would cause lower ALPS in cognitively impaired fighters compared to non-impaired fighters," Dr. Amin said. "We also expected the ALPS measurement to be significantly correlated with the total number of knockouts in the impaired fighters."

Their results were unexpected. Impaired athletes showed significantly higher glymphatic index values at first, but those values fell sharply over time as the number of knockouts increased. Glymphatic function continued to drop in fighters who sustained ongoing head trauma.




"We believe that the glymphatic index was initially high in the impaired athlete group because the brain initially responds to repeated head injuries by ramping up its cleaning mechanism, but eventually, it becomes overwhelmed," Dr. Amin said. "After a certain point, the brain just gives up."

The study also noted that athletes without cognitive impairment had lower right-sided and overall glymphatic index values than impaired fighters. The pattern of how glymphatic activity related to knockout history differed significantly between the two groups.

Early Detection Could Protect the Long-Term Brain Health of Fighters

Dr. Amin emphasized that understanding how repeated head impacts affect the glymphatic system is essential for identifying neurodegenerative risk early in athletes who participate in contact sports.

"If we can spot glymphatic changes in the fighters before they develop symptoms, then we might be able to recommend rest or medical care or help them make career decisions to protect their future brain health," he said.

Co-authors on the study are Gaurav Nitin Rathi, M.S., Charles Bernick, M.D., and Virendra Mishra, Ph.D.
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Scientists find toxic metals hidden in popular plastic toys | ScienceDaily
Researchers from the University of Sao Paulo (USP), working together with the Federal University of Alfenas (UNIFAL), have found significant amounts of hazardous chemicals in plastic toys sold throughout Brazil. The team examined 70 products, including both imported and locally produced items, creating what they describe as the most extensive investigation in the country to date on chemical contamination in toys. The findings appear in the journal Exposure and Health.


						
Supported by FAPESP, the study showed that many of the toys failed to meet the safety requirements established by Brazil's National Institute of Metrology, Quality, and Technology (INMETRO) as well as those set by the European Union. The most concerning violations were linked to barium. In 44.3% of the samples, barium levels surpassed the permitted limit, reaching concentrations up to 15 times higher than allowed. Exposure to this element can lead to serious heart and nervous system issues, including arrhythmias and paralysis.

High Levels of Lead, Chromium, and Antimony

Elevated amounts of lead, chromium, and antimony were also detected. Lead, which is associated with irreversible neurological harm, memory problems, and reduced IQ in children, exceeded the limit in 32.9% of the samples, with some measurements reaching nearly four times the accepted threshold. Antimony, which can trigger gastrointestinal problems, and chromium, a known carcinogen, were present above acceptable levels in 24.3% and 20% of the toys, respectively.

"These data reveal a worrying scenario of multiple contamination and lack of control. So much so that in the study we suggest stricter enforcement measures, such as regular laboratory analyses, product traceability, and more demanding certifications, especially for imported items," says Bruno Alves Rocha. The research stems from Rocha's postdoctoral work, supported by FAPESP, carried out during his period as a visiting professor at UNIFAL.

Toy Selection and Testing Methods

To ensure the study reflected the broader market, researchers intentionally selected toys aimed at families from different socioeconomic backgrounds. Purchases took place in both large shopping centers and small discount shops in Ribeirao Preto. "We chose toys intended for children aged 0 to 12, many of which were sized and shaped to facilitate oral exploration -- that is, they could be put in the mouth -- which increases the risk of exposure to toxic substances," Rocha told Agencia FAPESP.




The team used inductively coupled plasma mass spectrometry (ICP-MS) to detect and measure the presence of metals and non-metals, including extremely small quantities. They also used microwave-assisted acid digestion to simulate how chemicals might be released when toys come into contact with a child's saliva.

Twenty-One Toxic Elements Identified

This approach revealed the presence of 21 toxic elements: silver (Ag), aluminum (Al), arsenic (As), barium (Ba), beryllium (Be), cadmium (Cd), cerium (Ce), cobalt (Co), chromium (Cr), copper (Cu), mercury (Hg), lanthanum (La), manganese (Mn), nickel (Ni), lead (Pb), rubidium (Rb), antimony (Sb), selenium (Se), thallium (Tl), uranium (U), and zinc (Zn).

Using bioavailability (acid digestion) tests, the researchers developed two different exposure scenarios. One represented typical exposure levels based on median concentrations, while the other considered the highest levels detected. According to Rocha, "Exposure varies according to the concentrations of toxic elements, but it can also vary greatly from one child to another depending on how long they play with or keep the object in their mouth."

Chemical Release and Safety Concerns

Extraction rates, referring to how much of a substance is released when exposed to gastric juice, ranged from 0.11% to 7.33%. These values indicate that only a small portion of the total contaminants actually leaches out under conditions mimicking oral contact. However, Rocha notes that this does not eliminate health concerns. "While this is positive, the finding doesn't eliminate safety concerns, particularly given the high total concentrations detected in many samples," he says.




Tracing Contamination Sources and Additional Risks

The investigation also offered insight into how contamination may enter the toy production chain. "We found correlations between nickel, cobalt, and manganese, suggesting a common manufacturing origin. Beige-colored toys had higher metal concentrations, possibly due to the paint supplier, which is a relevant clue for future enforcement actions," he explains.

Beyond toxic metals, the same research group has previously examined chemicals that interfere with the hormonal system. These include bisphenols, parabens, and phthalates, which are widely recognized as endocrine disruptors.

"This isn't the first study with such alarming results, which only reinforces the need for urgent action to protect children's health," Rocha concludes.
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A popular "essential" medicine may be putting unborn babies at risk | ScienceDaily
Researchers Dr. Adrienne Chan and Professor Ian Wong of Aston University examined how antiseizure medications are used around the world.


						    	The World Health Organization lists valproate as an essential medicine, yet the drug can lead to serious neurodevelopmental disorders when taken during pregnancy.
    	Findings show that access to antiseizure treatments is improving in many low- and middle-income countries, although prescribing practices are not consistently safe.

Growing Access to Seizure Medicines and New Safety Concerns

A study conducted with support from the World Health Organization has revealed that although more people in low- and middle-income countries are gaining access to antiseizure medications, these treatments are not always being used in ways that protect patient safety.

Dr. Adrienne Chan and Professor Ian Wong examined antiseizure medication trends across 73 countries from 2012 to 2022. They note that the increasing availability of these medicines suggests progress in access to essential neurological treatments. However, they also found that valproate remains the most commonly used option, even though it can lead to birth defects and neurodevelopmental issues when taken during pregnancy. Reported problems include spina bifida, cleft palate, and a range of intellectual, communication, behavior and memory disorders.

WHO Flags Valproate as a Major Global Risk

The World Health Organization (WHO) includes valproate on its list of "essential medicines." Despite this, the agency advises against its use for women and girls who could become pregnant because of the potential for birth defects. WHO has identified disorders linked to prenatal valproate exposure as a serious worldwide concern.

Uneven Global Progress in Safe Prescribing

The study's authors say there is an urgent need for widespread education to ensure that healthcare providers understand the risks and can offer safer alternatives when appropriate. In many higher-income countries, stricter regulations and pregnancy prevention programs have led to declines in valproate use. In other regions where newer antiseizure therapies remain too costly or difficult to obtain, valproate is still prescribed more often.




The WHO commissioned this research to support its broader goal of promoting safe, fair, and consistent access to essential neurological medicines around the world.

Next Steps to Protect Patients and Future Children

The study relied on sales data from each participating country. The researchers state that further work is needed to examine how these medicines are being used within specific populations and to assess whether safety guidelines are actually being followed. This will help clarify how often these drugs are being prescribed to women of childbearing age and what risks this may pose to unborn children.

Dr. Chan said:

"Our findings show that access to antiseizure medicines is expanding globally, which is good news for patients who previously had little or no treatment options. But the continued widespread use of valproate in some parts of the world is concerning, given its known risks during pregnancy. Greater global alignment on safe prescribing and education is urgently needed to protect future generations."
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Hidden blood molecules show surprising anti-aging power | ScienceDaily
People invest significant time and effort into keeping their skin looking young through masks, creams and serums. Researchers have now identified naturally produced molecules with anti-aging potential that originate within the body itself. These three compounds come from a blood-dwelling bacterium and were shown to reduce both cellular damage and inflammation in laboratory-grown human skin cells. The results, reported in the Journal of Natural Products by the American Chemical Society and the American Society of Pharmacognosy, suggest a promising direction for future skin-aging treatments.


						
Scientists still have limited understanding of how bacterial by-products (called metabolites) circulating in the bloodstream influence human health. One group of metabolites, known as indole compounds, has attracted special interest because of their anti-aging, anti-inflammatory and antimicrobial effects. In 2015, researchers discovered a blood bacterium capable of producing these compounds and named it Paracoccus sanguinis. Chung Sub Kim, Sullim Lee and their team wanted to learn more about P. sanguinis and focused their study on its indole-functionalized metabolites.

"We became interested in P. sanguinis because blood-derived microbes are a relatively uncharted area of research," says Kim. "Given the unique environment of the bloodstream, we believed that studying individual species like P. sanguinis could reveal previously unknown metabolic function relevant to health and disease."

Identifying New Compounds

To explore this idea, the team cultured a large quantity of P. sanguinis for three days and then extracted the full mixture of metabolites produced by the microbe. They used several analytical tools, including spectrometry, isotope labeling and computational approaches, to determine the chemical structures of 12 distinct indole metabolites within the mixture. Six of these had never been documented before.

Kim, Lee and their colleagues then examined whether the indole compounds could limit processes linked to skin aging. They added liquid solutions containing each metabolite to cultured human skin cells. Before treatment, the cells had been exposed to conditions that increased reactive oxygen species, which are molecules known to trigger inflammation and damage collagen.

Among the 12 indoles tested, three of them, including two newly identified ones, reduced the levels of reactive oxygen species in these stressed skin cells compared with untreated samples. These same metabolites also lowered the amounts of two inflammatory proteins and a protein involved in collagen degradation.

Potential Pathway for New Skin Treatments

Based on these early results, the researchers note that the newly characterized indole metabolites could one day form the basis for therapies that help counter the effects of aging on the skin.

The authors acknowledge funding from the National Research Foundation of Korea, the BK21 FOUR Project, and the National Supercomputing Center.
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Scientists uncover the brain's hidden learning blocks | ScienceDaily
Artificial intelligence can now craft award-winning essays and help doctors detect disease with impressive accuracy. Yet when it comes to true mental flexibility, living brains still have the clear advantage.


						
Humans can adjust to new situations and information with remarkable ease. Learning unfamiliar computer software, trying a new recipe, or figuring out the rules of a new game often happens quickly for people, while AI systems typically struggle to adapt in real time and to learn effectively "on the fly."

In a new study, neuroscientists at Princeton University identify one key reason for this difference. The human brain repeatedly reuses the same cognitive "blocks" across many different situations, combining and recombining them to form new patterns of behavior.

"State-of-the-art AI models can reach human, or even super-human, performance on individual tasks. But they struggle to learn and perform many different tasks," said Tim Buschman, Ph.D., senior author of the study and associate director of the Princeton Neuroscience Institute. "We found that the brain is flexible because it can reuse components of cognition in many different tasks. By snapping together these 'cognitive Legos,' the brain is able to build new tasks."

The research was published on November 26 in the journal Nature.

Compositionality: reusing skills in new situations

If someone already knows how to tune a bicycle, learning to repair a motorcycle can feel more straightforward. That ability to build a new skill out of simpler, familiar ones drawn from related experiences is known as compositionality.




"If you already know how to bake bread, you can use this ability to bake a cake without relearning how to bake from scratch," said Sina Tafazoli, Ph.D., a postdoctoral researcher in the Buschman lab at Princeton and lead author of the new study. "You repurpose existing skills -- using an oven, measuring ingredients, kneading dough -- and combine them with new ones, like whipping batter and making frosting, to create something entirely different."

Until now, evidence for exactly how the brain supports this kind of flexible, compositional thinking has been limited and sometimes conflicting.

To get a clearer picture, Tafazoli trained two male rhesus macaques to carry out three related tasks while recording activity across their brains.

Testing flexibility with visual categorization tasks

Instead of real-world jobs like baking or bike repair, the animals were asked to perform three visual categorization tasks. On a screen, they saw a series of colorful, balloon-like blobs. Their job was to decide whether each blob looked more like a bunny or the letter "T" (categorizing the shape) or whether it appeared more red or more green (categorizing color).

The challenge was more difficult than it sounded. The blobs varied in how clear the differences were. Some images obviously resembled a bunny or were vividly red, while others were ambiguous and required careful judgment to tell the categories apart.




To report their decision about the shape or color, each monkey indicated its answer by looking in one of four different directions on the screen. In one version of the task, for example, looking left meant the animal judged the blob to be a bunny, while looking right signaled that it looked more like a "T."

A crucial part of the experiment was that each task had its own specific rules, yet still shared key components with the others.

One of the color tasks and the shape task required the animals to look in the same directions to indicate their choices, while both color tasks asked the monkeys to categorize the color in the same way (as either more red or more green) but to look in different directions when signaling their color judgment (categorizing the color).

This design allowed the researchers to see whether the brain reused the same neural patterns, or cognitive building blocks, whenever tasks shared certain features.

Prefrontal cortex as a hub for reusable cognitive blocks

After examining patterns of brain activity, Tafazoli and Buschman found that the prefrontal cortex, a region at the front of the brain involved in high-level thinking and decision-making, contained several recurring patterns of activity. These patterns appeared whenever groups of neurons worked together toward a common goal, such as distinguishing colors.

Buschman referred to these patterns as the brain's "cognitive Legos," a set of building blocks that can be flexibly combined to produce different behaviors.

"I think about a cognitive block like a function in a computer program," Buschman said. "One set of neurons might discriminate color, and its output can be mapped onto another function that drives an action. That organization allows the brain to perform a task by sequentially performing each component of that task."

For one of the color tasks, for instance, the brain would assemble a block that determines the color of the image together with another block that guides eye movements in particular directions. When the animal switched to a different task, such as judging shapes instead of colors while still using similar eye movements, the brain simply activated the block for shape processing along with the block for those same eye movements.

This sharing of blocks appeared primarily in the prefrontal cortex and was not seen to the same extent in other brain regions. The finding suggests that this type of compositionality may be a distinctive feature of the prefrontal cortex.

Turning blocks on and off to sharpen focus

Tafazoli and Buschman also observed that the prefrontal cortex seemed to quiet certain cognitive blocks when they were not needed. This likely helps the brain concentrate on the most relevant task at any given moment.

"The brain has a limited capacity for cognitive control," Tafazoli said. "You have to compress some of your abilities so that you can focus on those that are currently important. Focusing on shape categorization, for example, momentarily diminishes the ability to encode color because the goal is shape discrimination, not color."

By selectively activating and suppressing different blocks, the brain can avoid being overloaded and can keep performance focused on the current goal.

Cognitive Legos, AI, and mental health

These cognitive Legos may help explain why people are often able to pick up new tasks so rapidly. The brain does not always need to start from scratch. Instead, it can draw on existing mental components, recombine them, and avoid duplicating work, a strategy that current AI systems generally lack.

"A major issue with machine learning is catastrophic interference," Tafazoli said. "When a machine or a neural network learns something new, they forget and overwrite previous memories. If an artificial neural network knows how to bake a cake but then learns to bake cookies, it will forget how to bake a cake."

Incorporating compositionality into AI could eventually make artificial systems more human-like in their learning, allowing them to acquire new skills over time without erasing older ones.

The same principles could also influence medicine. Many neurological and psychiatric conditions, including schizophrenia, obsessive-compulsive disorder, and some forms of brain injury, can make it difficult for people to apply existing skills in new situations. These problems may arise when the brain can no longer smoothly recombine its cognitive building blocks.

"Imagine being able to help people regain the ability to shift strategies, learn new routines, or adapt to change," Tafazoli said. "In the long run, understanding how the brain reuses and recombines knowledge could help us design therapies that restore that process."

Funding for the study was provided by the National Institutes of Health (R01MH129492, 5T32MH065214).
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Scientists studied 47,000 dogs on CBD and found a surprising behavior shift | ScienceDaily
CBD is already used by many people for issues such as chronic pain, nausea, and inflammation. A new analysis suggests that dogs might also experience some of these benefits. Researchers in the US examined information from the Dog Aging Project to better understand the characteristics, health patterns, and behavior of dogs that received CBD or hemp supplements. Their findings were published in Frontiers in Veterinary Science.


						
"Behaviorally, dogs given CBD products for multiple years are initially more aggressive compared to dogs not receiving those products, but their aggression becomes less intense over time," said senior author Dr. Maxwell Leung, an assistant professor and the director of Cannabis Analytics, Safety and Health Initiative at Arizona State University.

"This long-term behavioral change highlights the potential of CBD as a therapy for canine behavioral issues," added co-author Dr. Julia Albright, an associate professor at the College of Veterinary Medicine at the University of Tennessee.

Large-Scale Study Tracks CBD Use in U.S. Companion Dogs

This research represents the most extensive effort so far to investigate CBD use among pet dogs in the US. The team relied on the Dog Aging Project, a long-term community science initiative in which owners provide yearly updates on their pets' diet, lifestyle, health, and living conditions. A total of 47,355 dogs were included, with data collected through annual surveys between 2019 and 2023.

Owners detailed how often their dogs consumed CBD or hemp products. Frequent users received a supplement every day, while infrequent users were given supplements less often than once a day. Owners could also indicate that their dogs had never been given CBD.

Who Receives CBD? Age, Health Conditions, and Household Patterns

Clear patterns emerged when the researchers examined which dogs were most likely to be given CBD. "In our sample, 7.3% of the companion dogs in the US have been given CBD and hemp products," said Leung. Of these, 2,759 dogs (5.8%) were frequent users. Dogs receiving the supplements tended to be older; on average, they were three years older than dogs that did not receive CBD.




Several health issues were linked to higher CBD use. The strongest association was seen in dogs with dementia (18.2%), followed by those with osteoarthritis joint problems (12.5%) and those diagnosed with cancer (10%).

Dogs living in states where human medical cannabis is legal were also more likely to receive CBD. This may reflect how owners' attitudes toward cannabis influence their decisions for their pets. Male dogs were given CBD more often, with a 9% higher likelihood than female dogs. However, activity levels did not differ significantly between dogs that used CBD and those that did not.

Behavioral Changes Suggest a Gradual Calming Effect

The study also documented behavioral differences. Dogs that received CBD for extended periods were described as having lower-than-average aggression levels compared to dogs with no CBD use. This pattern suggests that CBD could play a role in reducing aggressive behaviors. Other behavioral traits, such as agitation or anxiety, did not show the same association. "Most canine aggression is related to underlying stress or anxiety -- a fight or flight response that kicks in. It is unclear why only aggression but not other types of anxious or agitated behaviors seemed to be improved with CBD treatment," Albright said.

Research Gaps, Safety Concerns, and the Need for Better Data

The team noted that the study did not explore the biological reasons behind these behavioral shifts, and controlled research will be necessary to confirm CBD's calming potential. They also pointed out several limitations in the available data, including possible owner bias and the lack of detailed information about CBD dosage, product formulations, administration methods, and sources. "At this point, we do not have a complete picture about the behavioral treatment plan," Albright pointed out.

Owners considering CBD for their dogs should purchase reliable products and be cautious with dosing, since CBD can cause side effects such as gastrointestinal upset and diarrhea.

According to the team, this study provides an early framework for examining how CBD might help address health and behavior problems in older dogs, as well as in humans with similar concerns. "There are many similarities in how CBD can benefit dogs and humans medically," Leung concluded.
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Bird flu's surprising heat tolerance has scientists worried | ScienceDaily
Bird flu viruses pose a significant danger to humans because they can continue multiplying at temperatures warmer than a normal fever. Fever is one of the body's main tools for slowing down viral infections, yet new research led by the universities of Cambridge and Glasgow shows that these avian viruses can keep going even under conditions that usually shut other viruses down.


						
A study published on November 28 in Science reports the discovery of a gene that strongly influences how sensitive a virus is to heat. During the major flu pandemics of 1957 and 1968, this gene moved from bird flu viruses into circulating human flu strains, which helped those strains thrive.

Seasonal human flu viruses infect millions of people each year. These common influenza A viruses usually multiply most effectively in the cooler upper airways, where temperatures average about 33degC. They do not spread as efficiently in the warmer lower respiratory tract, which is typically closer to 37degC.

How Fever Limits Infection and Why Bird Flu Can Resist It

Viruses spread through the body when left unchecked, sometimes leading to severe illness. Fever is one of the body's natural responses and can raise core temperature to as high as 41degC. Until recently, the exact way fever slows down viruses, and why some can withstand such heat, had not been fully understood.

Avian influenza viruses operate differently from human strains. They tend to multiply in the lower respiratory tract, and in their usual hosts, such as ducks and seagulls, they often infect the gut. Temperatures in these environments can reach 40-42degC.

Earlier work in cultured cells suggested that bird flu viruses are more tolerant of fever-level temperatures than human flu viruses. The new study uses in vivo experiments with mice infected with influenza viruses to shed light on how fever provides protection and why this protection may not be enough against avian strains.




Experiments Show Why Fever Slows Human Flu but Not Avian Flu

In the new research, scientists from Cambridge and Glasgow recreated fever conditions in mice to observe how the virus responded. They used a laboratory-adapted human-origin influenza strain known as PR8, which is not a risk to people.

Mice do not usually develop a fever when infected with influenza A viruses, so the researchers simulated one by increasing the temperature of the environment where the mice were kept (elevating the body temperature of the mice).

The results showed that raising body temperature to fever levels was highly effective at preventing human-origin flu viruses from replicating. However, similar temperature increases did not stop avian influenza viruses. A rise of just 2C was enough to turn what would normally be a deadly human-origin influenza infection into a mild one.

The PB1 Gene Helps Bird Flu Withstand Fever

The team also found that the PB1 gene, which is essential for copying the viral genome inside infected cells, plays a central role in temperature resistance. Viruses containing an avian-like PB1 gene were able to tolerate the high temperatures associated with fever and caused serious disease in mice. This discovery is notable because bird and human flu viruses can exchange genetic material when they infect the same host, such as pigs.




Dr. Matt Turnbull, the study's first author from the Medical Research Council Centre for Virus Research at the University of Glasgow, said: "The ability of viruses to swap genes is a continued source of threat for emerging flu viruses. We've seen it happen before during previous pandemics, such as in 1957 and 1968, where a human virus swapped its PB1 gene with that from an avian strain. This may help explain why these pandemics caused serious illness in people.

"It's crucial that we monitor bird flu strains to help us prepare for potential outbreaks. Testing potential spillover viruses for how resistant they are likely to be to fever may help us identify more virulent strains."

High Fatality Rates Make Bird Flu a Persistent Global Threat

Senior author Professor Sam Wilson, from the Cambridge Institute of Therapeutic Immunology and Infectious Disease at the University of Cambridge, said: "Thankfully, humans don't tend to get infected by bird flu viruses very frequently, but we still see dozens of human cases a year. Bird flu fatality rates in humans have traditionally been worryingly high, such as in historic H5N1 infections that caused more than 40% mortality.

"Understanding what makes bird flu viruses cause serious illness in humans is crucial for surveillance and pandemic preparedness efforts. This is especially important because of the pandemic threat posed by avian H5N1 viruses."

Implications for Fever Treatment and Future Research

According to the researchers, the findings may eventually affect treatment recommendations, although more studies will be necessary before any changes are made. Fever is often treated with antipyretic medications, including ibuprofen and aspirin. Some clinical evidence suggests that lowering fever might not always help patients and may even support the spread of influenza A viruses in humans.

The research received primary funding from the Medical Research Council, with additional support from the Wellcome Trust, Biotechnology and Biological Sciences Research Council, European Research Council, European Union Horizon 2020, UK Department for Environment, Food & Rural Affairs, and US Department of Agriculture.
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Polluted air quietly erases the benefits of exercise | ScienceDaily
Long-term exposure to polluted air may significantly reduce the positive health effects of regular physical activity, according to new research from an international team that included experts from UCL (University College London).


						
The study, published in BMC Medicine, examined information from over 1.5 million adults who were monitored for more than ten years across several countries, including the UK, Taiwan, China, Denmark and the United States.

Researchers found that people living in areas with substantial air pollution experienced a noticeably smaller reduction in their risk of death during the study period. This applied to deaths from any cause, as well as from cancer and heart disease specifically, although some benefit from exercise still remained.

Fine Particle Pollution and Its Impact on the Body

The team focused on levels of fine particulate matter, or PM2.5s, which are extremely small particles less than 2.5 micrometers in diameter. Because of their size, they can travel deep into the lungs and even enter the bloodstream.

The analysis showed that exercise benefits declined sharply when yearly average PM2.5 levels reached 25 micrograms per cubic meter (mg/m3) or higher. Nearly half (46%) of the global population lives in regions where pollution is at or above this level.

Lead researcher Professor Po-Wen Ku of National Chung Hsing University, Taiwan, said: "Our findings emphasize that exercise remains beneficial even in polluted environments. However, improving air quality can greatly enhance these health gains."

Co-author Professor Andrew Steptoe from UCL's Department of Behavioural Science & Health added: "Our study shows that toxic air can to some extent block the benefits of exercise, although not eliminate them. The findings are further evidence of the damage that fine particle pollution can do to our health.




"We believe clean air and physical activity are both important for healthy aging and so we encourage greater efforts to curb health-harming pollution levels."

Large-Scale Analysis Reveals Clear Risk Patterns

To conduct the investigation, the research team combined data from seven existing studies, three of which had not previously been published. They included both summary data and, for three studies, a new analysis of individual participant records.

Across all studies, adults who completed at least two and a half hours of moderate or vigorous exercise* each week had a 30% lower risk of death during the study period compared with people who did not reach this level of activity.

For highly active people living in areas where PM2.5 pollution exceeded 25 mg/m3, this protective effect dropped to just 12-15%.

Higher Pollution Levels Further Reduce Exercise Benefits

When pollution levels rose above 35 mg/m3, the benefit of exercise weakened even more, particularly for deaths linked to cancer. In these conditions, the protective effects were no longer strong. About 36% of the global population lives in places where yearly PM2.5 averages exceed 35 mg/m3.




Participants from the UK experienced average PM2.5 levels of 10 mg/m3, which are below the thresholds associated with strong reductions in exercise benefits. However, pollution in UK cities fluctuates significantly, and wintertime spikes commonly exceed 25 mg/m3, the study's critical threshold.

Co-author Professor Paola Zaninotto from UCL's Department of Epidemiology & Public Health said: "We don't want to discourage people from exercising outdoors. Checking air quality, choosing cleaner routes, or easing off intensity on polluted days can help you get the most health benefits from your exercise."

Study Limitations and Broader Context

The authors noted several limitations. Most of the data came from high-income countries, so the conclusions may not fully apply to low-income regions where pollution levels are often much higher, sometimes surpassing 50 mg/m3. Additional missing information included indoor air quality and details about participants' diets.

Despite these gaps, the research accounted for many other variables, such as income, education, smoking habits, and whether participants had existing chronic conditions.

Researchers from the UK, the United States, Australia and Asia participated in the project. The UK analysis used data from the UK Biobank.

Funding for the study was provided by Taiwan's National Science and Technology Council, Taichung Veterans General Hospital (TCVGH) and National Chung Hsing University.

Notes

*Moderate to vigorous exercise, such as jogging or other sports, is often defined as an activity that makes people breathless and causes perspiration.
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This simple warm-up trick instantly boosts speed and power | ScienceDaily
Whether preparing for a marathon, squeezing in an after-work gym session, or stepping onto the field for a professional game, warming up appears to play a role that is nearly as crucial as the workout or competition itself.


						
New research from Edith Cowan University (ECU) explored whether warm-up routines could influence exercise performance and found that elevated muscle temperature improves the speed and force of muscle contractions. This effect was especially noticeable during rapid, high-power movements.

"The research found that for every 1degC increase in muscle temperature, performance improved by about 3.5%, with the greatest benefits seen in rate-dependent muscle properties like speed and power, but not in maximum strength," said lead researcher Dr. Cody Wilson.

Comparing Passive and Active Warm-Up Approaches

The study assessed how different types of warm-ups influence muscular performance. Passive warm-ups relied on external heat sources, such as heat pads or a hot shower, to increase muscle temperature without movement. Active warm-ups involved gentle activity like ten minutes on a stationary bike or completing a lighter version of the upcoming exercise.

Despite expectations, the researchers did not observe major differences between these two approaches. They suggest this may be because many studies used active warm-ups that did not closely match the exercises used during performance testing.

"While both active and passive warm-ups result in better speed and power, a lot of research shows that the warm-up exercises should be similar to the exercise you will be doing. If you are lifting weights, starting out by doing the exercise with lighter weights, because the practice actually helps us to activate our muscles more and to use more efficient movement patterns -- the nervous system can learn on-the-spot," fellow author and PhD student JP Nunes said.




Why Exercise-Specific Warm-Ups Matter

Dr. Wilson agrees that warm-ups that resemble the main workout can support better performance outcomes.

"Any warm-up is important, whether that's just walking to the gym or doing a ten-minute cycle before your work-out. But there is some indication that warm-ups not related to the exercise being performed do not have as great an effect on performance as just 'practicing' the performance."

Knowing When You're Ready to Begin the Workout

When it comes to deciding the right moment to shift from warming up to working out, ECU Professor of Biomechanics Tony Blazevich notes that there is no universal guideline.

"As you are warming up, you will feel the movements become easier, and you will get more accurate and coordinated. You might even start to sweat. We often say that once you get that light sweat, you have probably raised your temperature sufficiently to start your work-out.

"The important thing is to start moving. Whether that is with a light walk or taking a few flights of stairs. Eventually you can work up to a full work out, when a proper warm-up will have its greatest effect," Professor Blazevich said.
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Hidden mitochondrial DNA damage may be a missing link in disease | ScienceDaily
A newly identified kind of DNA damage inside mitochondria, the small structures that supply cells with energy, may help explain how the body detects and reacts to stress. The work, led by researchers at UC Riverside and published in the Proceedings of the National Academy of Sciences, suggests that this discovery could be relevant to diseases linked to faulty mitochondrial function, including cancer and diabetes.


						
Mitochondria carry their own genetic material, known as mitochondrial DNA (mtDNA). This genetic code is essential for generating cellular energy and for sending important signals both within the cell and beyond it. Although scientists have long known that mtDNA is easily damaged, the biological details were not fully understood. The new study identifies a specific source of harm: glutathionylated DNA (GSH-DNA) adducts.

An adduct is a bulky chemical attachment that forms when a compound, such as a carcinogen, binds directly to DNA. When the cell cannot repair this kind of damage, mutations can occur and the likelihood of disease increases.

Mitochondrial DNA Shows Extreme Vulnerability

In experiments using cultured human cells, the team found that these GSH-DNA adducts build up in mtDNA at levels up to 80 times higher than in nuclear DNA. This large difference highlights how exposed mtDNA is to this form of injury.

Linlin Zhao, the study's senior author and an associate professor of chemistry at UCR, noted that mtDNA represents only about 1-5% of a cell's total DNA. It has a circular structure, contains 37 genes, and is inherited exclusively from the mother. In contrast, nuclear DNA (nDNA) is linear and is passed down from both parents.

"mtDNA is more prone to damage than nDNA," Zhao said. "Each mitochondrion has many copies of mtDNA, which provides some backup protection. The repair systems for mtDNA are not as strong or efficient as those for nuclear DNA."

Yu Hsuan Chen, the study's first author and a doctoral student in Zhao's laboratory, compared the mitochondrion to both an engine and a communication center for the cell.




"When the engine's manual -- the mtDNA -- gets damaged, it's not always by a spelling mistake, a mutation," Chen said. "Sometimes, it's more like a sticky note that gets stuck to the pages, making it hard to read and use. That's what these GSH-DNA adducts are doing."

How Sticky DNA Lesions Affect Cell Function

The scientists observed that as these sticky lesions accumulate, they disrupt normal mitochondrial activity. Proteins needed for producing energy decline, while proteins involved in stress responses and mitochondrial repair increase, indicating that the cell attempts to counteract the damage.

The team also relied on advanced computer modeling to understand how the adducts influence the structure of mtDNA.

"We found that the sticky tags can actually make the mtDNA less flexible and more rigid," Chen said. "This might be a way the cell 'marks' damaged DNA for disposal, preventing it from being copied and passed on."

Implications for Stress, Immunity, and Disease

According to Zhao, the discovery of GSH-DNA adducts creates new opportunities to study how damaged mtDNA functions as a warning signal inside the body.




"Problems with mitochondria and inflammation linked to damaged mtDNA have been connected to diseases such as neurodegeneration and diabetes," he said. "When mtDNA is damaged, it can escape from the mitochondria and trigger immune and inflammatory responses. The new type of mtDNA modification we've discovered could open new research directions to understand how it influences immune activity and inflammation."

Zhao and Chen collaborated with scientists from UCR and the University of Texas MD Anderson Cancer Center.

The research was funded by grants from the National Institutes of Health and UCR.
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Why more cannabis users are landing in the ER with severe vomiting | ScienceDaily
Over the past ten years, emergency departments have seen a steady rise in patients seeking help for abdominal pain and episodes of intense or long-lasting vomiting. What these cases often share is chronic cannabis use.


						
Until last month, clinicians lacked a standardized way to document this condition. They now have a diagnostic code for "cannabis hyperemesis syndrome," a gastrointestinal disorder that begins within 24 hours of the most recent cannabis use and can continue for several days. People who experience it typically face these symptoms three or four times each year.

New ICD Code Helps Clinicians Identify Cannabis Hyperemesis

On Oct. 1, the World Health Organization added a formal entry for the condition to its International Classification of Diseases manual (ICD-10, currently). The Centers for Disease Control and Prevention also incorporated the new code, R11.16, into U.S. diagnostic systems.

This update offers several benefits. Clinicians can now document the syndrome with a single, specific billing code instead of relying on multiple, less precise ones. Having the code appear in a patient's medical record also helps providers recognize repeat episodes during future visits.

An important gain is improved data reliability. Investigators such as Beatriz Carlini can now track cases more accurately and look for patterns that were previously difficult to identify.

"It helps us count and monitor these cases," said Carlini, a research associate professor at the University of Washington School of Medicine who studies adverse health effects of cannabis use. "In studying addiction and other public health concerns, we have three sources of data: what clinicians tell us, what people in the communities tell us, and what health records tell us. A new code for cannabis hyperemesis syndrome will supply important hard evidence on cannabis-adverse events, which physicians tell us is a growing problem."

Limited Awareness Contributes to Delayed Diagnosis




Although hospitals are seeing more patients with these symptoms, many providers are still unfamiliar with the condition because it has only recently been defined.

"A person often will have multiple [emergency department] visits until it is correctly recognized, costing thousands of dollars each time," Carlini said.

Even after an accurate diagnosis, some patients struggle to accept that cannabis is the source of their severe nausea and vomiting, said Dr. Chris Buresh, an emergency medicine specialist with UW Medicine and Seattle Children's. Cannabis is widely known for easing nausea in people undergoing chemotherapy or living with chronic conditions such as HIV and migraines, which adds to the confusion.

"Some people say they've used cannabis without a problem for decades. Or they smoke pot because they think it treats their nausea," he said. "It seems like there's a threshold when people can become vulnerable to this condition, and that threshold is different for everyone. Even using in small amounts can make these people start throwing up."

Uncertain Causes and Challenging Treatment

Why the syndrome affects some cannabis users but not others remains unclear.




"We don't know if it's related to the greater general availability of cannabis or the higher THC potency of some products or something else," Buresh said.

Treating the condition is difficult. Standard anti-nausea medications often do not work reliably, he said, which sometimes forces clinicians to turn to second and third-line options such as Haldol, a medication more commonly used for psychotic episodes.

Some individuals find limited relief through capsaicin cream, an over-the-counter analgesic that creates a warming sensation. According to Buresh, some patients apply it to their abdomen during episodes. Hot showers are also widely reported as helpful.

"That's something that can clinch the diagnosis for me, when someone says they're better with a hot shower. Patients describe going through all the hot water in their house," he said.

Why Recovery Can Be Difficult

Several factors can slow recovery. Because the syndrome appears intermittently, some cannabis users may assume a recent episode was unrelated and continue using the substance without immediate problems, only to suddenly become severely ill again. For those who accept the diagnosis and try to stop cannabis use to ease their symptoms, addiction can make abstinence difficult, Carlini said.
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        Astronomers find a planet orbiting at a wild angle no one can explain
        A network of powerful ground-based telescopes captured rare starspot-crossing events on TOI-3884b, revealing cooler patches on the star's surface and rapid changes tied to its rotation. By combining multicolor transit observations with months of high-cadence brightness monitoring, researchers nailed down the star's rotation period with impressive precision. These measurements allowed them to map the system's geometry--and what they found was surprising: the planet's orbit is wildly tilted relative...

      

      
        A simple oxygen hack creates 7 new ceramic materials
        Penn State researchers created seven new high-entropy oxides by removing oxygen during synthesis, enabling metals that normally destabilize to form rock-salt ceramics. Machine learning helped identify promising compositions, and advanced imaging confirmed their stability. The method offers a flexible framework for creating materials once thought impossible to synthesize.

      

      
        The solar mission that survived disaster and found 5,000 comets
        For thirty years, SOHO has watched the Sun from a stable perch in space, revealing the inner workings of our star and surviving crises that nearly ended the mission. Its long-term observations uncovered a single global plasma conveyor belt inside the Sun, detailed how solar brightness subtly shifts over the solar cycle, and turned SOHO into an unexpected comet-hunting champion with more than 5,000 discoveries.

      

      
        Space is filling with junk and scientists have a fix
        Earth's orbit is getting crowded with broken satellites and leftover rocket parts. Researchers say the solution is to build spacecraft that can be repaired, reused, or recycled instead of abandoned. They also want new tools to collect old debris and new data systems that help prevent collisions. The goal is to make space exploration cleaner and more sustainable.

      

      
        Engineered imperfections supercharge graphene's power
        Researchers have discovered a new way to grow graphene that deliberately adds structural defects to enhance its usefulness in electronics, sensors, catalysts, and more. Using a specially shaped molecule called azupyrene, scientists can produce graphene films rich in beneficial 5-7 ring defects--imperfections that make the material more interactive, more magnetic, and more electronically versatile.

      

      
        Surprising optics breakthrough could transform our view of the Universe
        FROSTI is a new adaptive optics system that precisely corrects distortions in LIGO's mirrors caused by extreme laser power. By using custom thermal patterns, it preserves mirror shape without introducing noise, allowing detectors to operate at higher sensitivities. This leap enables future observatories like Cosmic Explorer to see deeper into the cosmos. The technology lays the groundwork for vastly expanding gravitational-wave astronomy.

      

      
        JWST finds a Milky Way twin born shockingly early in the Universe
        A surprisingly mature spiral galaxy named Alaknanda has been spotted just 1.5 billion years after the Big Bang--far earlier than astronomers believed such well-structured galaxies could form. With sweeping spiral arms, rapid star formation, and an orderly disk resembling our Milky Way, it defies long-held theories about how slowly galaxies should assemble. Thanks to JWST and gravitational lensing, researchers could examine the galaxy in remarkable detail, revealing that the early Universe was far ...

      

      
        Dead stars aren't so dead after all: The hidden force inflating white dwarfs
        Some white dwarfs in rapid binary orbits are far hotter and larger than theory predicts. Researchers found that powerful tidal forces between them generate enough heat to inflate their sizes and change their orbital behavior. This leads the stars to interact much sooner than expected, potentially triggering dramatic cosmic events. The new model may offer clues about the origins of type Ia supernovae.

      

      
        New graphene breakthrough supercharges energy storage
        Engineers have unlocked a new class of supercapacitor material that could rival traditional batteries in energy while charging dramatically faster. By redesigning carbon structures into highly curved, accessible graphene networks, the team achieved record energy and power densities--enough to reshape electric transport, stabilize power grids, and supercharge consumer electronics.

      

      
        Scientists just found a way to tell if quantum computers are wrong
        Researchers unveiled a new technique that validates quantum computer results--especially those from GBS devices--in minutes instead of millennia. Their findings expose unexpected errors in a landmark experiment, offering a crucial step toward truly reliable quantum machines.

      

      
        New state of quantum matter could power future space tech
        A UC Irvine team uncovered a never-before-seen quantum phase formed when electrons and holes pair up and spin in unison, creating a glowing, liquid-like state of matter. By blasting a custom-made material with enormous magnetic fields, the researchers triggered this exotic transformation--one that could enable radiation-proof, self-charging computers ideal for deep-space travel.

      

      
        Scientists may have found dark matter after 100 years of searching
        Nearly a century after astronomers first proposed dark matter to explain the strange motions of galaxies, scientists may finally be catching a glimpse of it. A University of Tokyo researcher analyzing new data from NASA's Fermi Gamma-ray Space Telescope has detected a halo of high-energy gamma rays that closely matches what theories predict should be released when dark matter particles collide and annihilate. The energy levels, intensity patterns, and shape of this glow align strikingly well with...

      

      
        Scientists just teleported information using light
        Quantum communication is edging closer to reality thanks to a breakthrough in teleporting information between photons from different quantum dots--one of the biggest challenges in building a quantum internet. By creating nearly identical semiconductor-based photon sources and using frequency converters to sync them, researchers successfully transferred quantum states across a fiber link, proving a key step toward long-distance, tamper-proof communication.

      

      
        Miracle material's hidden quantum power could transform future electronics
        Researchers have directly observed Floquet effects in graphene for the first time, settling a long-running scientific debate. Their ultrafast light-based technique demonstrates that graphene's electronic properties can be tuned almost instantaneously. This paves the way for custom-engineered quantum materials and new approaches in electronics and sensing.

      

      
        Seven-year study uncovers the holy grail of beer brewing
        ETH Zurich scientists have found the holy grail of brewing: the long-sought formula behind stable beer foam. Their research explains why different beers rely on different physical mechanisms to keep bubbles intact and why some foams last far longer than others.

      

      
        Scientists uncover the brain's hidden learning blocks
        Princeton researchers found that the brain excels at learning because it reuses modular "cognitive blocks" across many tasks. Monkeys switching between visual categorization challenges revealed that the prefrontal cortex assembles these blocks like Legos to create new behaviors. This flexibility explains why humans learn quickly while AI models often forget old skills. The insights may help build better AI and new clinical treatments for impaired cognitive adaptability.

      

      
        JWST spots a strange red dot so extreme scientists can't explain it
        The discovery of strange, ultra-red objects--especially the extreme case known as The Cliff--has pushed astronomers to propose an entirely new type of cosmic structure: black hole stars. These exotic hybrids could explain rapid black hole growth in the early universe, but their existence remains unproven.

      

      
        X-ray movies reveal how intense lasers tear a buckyball apart
        Using intense X-rays, researchers captured a buckyball as it expanded, split and shed electrons under strong laser fields. Detailed scattering measurements showed how the molecule behaves at low, medium and high laser intensities. Some predicted oscillations never appeared, pointing to missing physics in current models. The findings create a clearer picture of how molecules fall apart under extreme light.
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Astronomers find a planet orbiting at a wild angle no one can explain | ScienceDaily
To study the moments when the planet crossed over starspots, researchers relied on the multicolor MuSCAT3 and MuSCAT4 instruments installed on the Las Cumbres Observatory (LCO) 2-meter telescopes. During February and March 2024, they recorded three separate transits and clearly identified signals produced by the planet passing over these dark regions on the star. The way the signal changed with color offered valuable clues about the temperature of the starspots.


						
Analysis of the light curves showed that the starspots are approximately 200 K cooler than the surrounding stellar surface (3150 K) and cover about 15% of the visible area of the star. The three transit observations also displayed subtle differences in the shape of the spot-crossing features. Since these changes happened over a relatively short period, they are more consistent with the star rotating rather than the starspots themselves evolving.

Monitoring Brightness to Measure Stellar Rotation

To verify this idea, the team conducted an extended photometric monitoring program using LCO's network of 1-meter telescopes around the world. From December 2024 through March 2025, they tracked the star's brightness several times each night and identified regular, repeating variations. These measurements allowed them to determine, for the first time, that the star completes a full rotation in 11.05 days.

A Strongly Tilted Planetary System

The rotation period matched the shifts in starspot position seen in the transit data, allowing the researchers to piece together the three-dimensional layout of the system. Their analysis showed that the star's rotation axis and the planet's orbital axis differ by roughly 62deg, meaning TOI-3884 hosts a significantly tilted planetary orbit. Such extreme misalignments are usually linked to past interactions with massive planets or stellar companions -- yet none have been found here, making TOI-3884 an especially compelling system to study.

 Glossary of Key Terms

Transit: A transit occurs when a planet passes in front of its star from our point of view, causing a small dip in the star's brightness.




Spot-Crossing Signal: A change in the transit light curve that happens when a planet moves across a darker, cooler starspot on the star's surface.

Starspot: A relatively cool, dark region on a star, similar to sunspots on the Sun.

Light Curve: A graph showing how a star's brightness changes over time. Scientists study its shape to learn about planets, starspots, and stellar behavior.

MuSCAT3 and MuSCAT4: Specialized multicolor cameras designed to measure changes in starlight across different wavelengths to improve transit and starspot analysis.

Photometric Monitoring: Repeatedly measuring the brightness of a star to detect variations caused by rotation, starspots, or orbiting planets.

Stellar Rotation Period: The time it takes for a star to complete one full spin on its axis.




Orbital Axis: An imaginary line defining the orientation of a planet's orbit around its star.

Stellar Spin Axis: An imaginary line that describes the direction of a star's rotation.

Misalignment (Orbital Tilt): When the star's rotation axis and the planet's orbital axis do not line up. A large misalignment can provide clues about the system's past.

LCO (Las Cumbres Observatory): A global network of telescopes used for continuous sky monitoring and time-sensitive observations such as transits.
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A simple oxygen hack creates 7 new ceramic materials | ScienceDaily
Sometimes, having less oxygen truly makes a difference. By lowering oxygen levels during synthesis, a group of materials scientists at Penn State succeeded in creating seven previously unknown high-entropy oxides, or HEOs. These ceramics contain five or more metals and are being explored for uses in energy storage, electronic devices and protective coatings.


						
During the development of these materials, the team also outlined a broader framework for designing future materials. Their findings were published in Nature Communications.

"By carefully removing oxygen from the atmosphere of the tube furnace during synthesis, we stabilized two metals, iron and manganese, into the ceramics that would not otherwise stabilize in the ambient atmosphere," said corresponding and first author Saeed Almishal, a research professor at Penn State working with Jon-Paul Maria, the Dorothy Pate Enright Professor of Materials Science.

Early Breakthroughs and Machine Learning Discovery

Almishal first achieved stability in a material containing manganese and iron by adjusting oxygen levels in a composition he designated as J52. That sample included magnesium, cobalt, nickel, manganese and iron. After that initial success, he used newly developed machine learning capabilities that can rapidly evaluate thousands of possible formulations. With those tools, he identified six additional metal combinations capable of forming HEOs.

Working alongside undergraduate researchers who helped process, fabricate and characterize samples, Almishal produced solid ceramic pellets representing all seven new HEO compositions. These students were supported by the Department of Materials Science and Engineering and Penn State's Center for Nanoscale Science, a U.S. National Science Foundation-funded Materials Research Science and Engineering Center.

"In a single step, we stabilized all seven compositions that are possible given our current framework," Almishal said. "Although this was previously treated this as a complex problem in the field of HEOs, the solution was simple in the end. With a careful understanding of the fundamentals of material and ceramic synthesis science, and particularly the principles of thermodynamics, we found the answer."

How Oxygen Levels Shape the Materials




To stabilize these ceramics, manganese and iron atoms must remain in the 2+ oxidation state, forming what is known as a rock salt structure where each atom bonds with only two oxygen atoms. According to Almishal, this does not happen under typical oxygen-rich conditions. If synthesized in a normal atmosphere, manganese and iron would continue binding with oxygen and shift to a higher oxidation state, preventing the material from forming correctly. Reducing the oxygen in the tube furnace limits how many oxygen atoms are available, allowing the desired rock salt structure to form.

"The main rule we followed in synthesizing these materials is the role that oxygen plays in stabilizing such ceramic materials," Almishal said.

Confirming Structure and Planning Future Experiments

To verify that manganese and iron truly remained in the intended oxidation state, Almishal collaborated with researchers at Virginia Tech. Their team used an advanced imaging approach that examines how atoms absorb X-rays. By studying the resulting data, they could confirm the oxidation states of individual elements and demonstrate that the materials were stable.

The next stage of work will involve testing the magnetic properties of all seven new HEOs. The researchers also hope to use the same thermodynamic principles for oxygen control to stabilize other types of materials that are currently difficult to synthesize.

"This paper, which has already been accessed online thousands of times, seems to resonate with researchers because of its simplicity," Almishal said. "Although we focus on rock salt HEOs, our methods provide a broad adaptable framework for enabling uncharted, promising chemically disordered complex oxides."

Undergraduate Recognition and Research Collaboration




Because of his significant contributions in the lab, co-author and undergraduate materials science and engineering major Matthew Furst was invited to present the findings at the American Ceramic Society's (ACerS) Annual Meeting with Materials Science and Technology 2025, which took place Sept. 28 through Oct. 1 in Columbus, Ohio. This invitation is typically extended to faculty or senior graduate students.

"I am so grateful for the opportunities that I have had on this project and to be involved in every step of the research and publication process," Furst said. "Being able to present this material to a broad audience as an invited talk reflects my involvement and the excellent guidance I have received from my mentors. It means a lot to me to develop important communication skills as an undergraduate student, and I look forward to pushing myself further in the future!"

Team Members and Support

In addition to Almishal, Maria and Furst, the Penn State research team included undergraduate students Joseph Petruska and Dhiya Srikanth; graduate students Yueze Tan and Sai Venkata Gayathri Ayyagari; and Jacob Sivak, who recently earned a doctorate in chemistry with a materials science focus. Faculty collaborators included Nasim Alem, professor of materials science and engineering; Susan Sinnott, professor of materials science and engineering and of chemistry; and Long-Qing Chen, the Hamer Professor of Materials Science and Engineering, professor of engineering science and mechanics and of mathematics.

From Virginia Tech, the co-authors were Christina Rost, assistant professor of materials science and engineering, and graduate student Gerald Bejger.

The Penn State Center for Nanoscale Science, an U.S. National Science Foundation-funded Materials Research Science and Engineering Center, provided support for this research.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251204024238.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The solar mission that survived disaster and found 5,000 comets | ScienceDaily
On December 2, 1995, the ESA/NASA Solar and Heliospheric Observatory (SOHO) lifted off for what was originally planned as a two-year mission.


						
From a position 1.5 million km away from Earth, located between our planet and the Sun, SOHO has an uninterrupted view of the solar surface. Since launch, it has provided an almost unbroken record of solar activity spanning nearly three full 11-year solar cycles.

"It is testament to the ingenuity of our engineers, operators and scientists, and to international collaboration, that this mission has exceeded all expectations," says Prof. Carole Mundell, ESA Director of Science. "SOHO has overcome nail-biting challenges to become one of the longest-operating space missions of all time."

"The SOHO mission is a great example of the incredible partnerships between NASA and ESA," adds Nicky Fox, associate administrator, Science Mission Directorate at NASA Headquarters in Washington. "Congratulations to the NASA and ESA teams on an amazing thirty years working together."

Despite its achievements, SOHO's journey has not been smooth. About two-and-a-half years after launch, the spacecraft experienced a major malfunction that sent it into an uncontrolled spin and severed communications with Earth. For three months, an international team worked continuously to find the spacecraft and bring it back to life.

Another serious setback occurred in November and December 1998, when its stabilizing gyroscopes failed. Engineers quickly developed new software, and by February 1999, SOHO could operate without gyroscopes. This breakthrough allowed it to continue gathering data that would go on to reshape the field of solar science.

"SOHO pioneered new fields in solar science. It is a game-changer in the study of space weather, providing real-time monitoring of the Sun to forecast potentially dangerous solar storms heading towards Earth, and its legacy continues to guide future missions," says Daniel Muller, ESA Project Scientist for SOHO and Solar Orbiter.




"SOHO is still producing high-quality data on a daily basis, and with hundreds of papers being published every year, its scientific productivity remains very high."

Daniel's new paper 'SOHO's 30-year legacy of observing the Sun' was published in Nature Astronomy on December 2, 2025.

Here are five highlights from the last five years:

1. A single plasma conveyor belt

SOHO became a leading instrument in the development of helioseismology, which studies how sound waves move through the Sun in a way similar to how seismic waves reveal the interior of Earth. Early in the mission, SOHO captured the first images of plasma flows (electrically charged material) beneath the solar surface, giving scientists an unprecedented look inside the Sun.

Because SOHO has remained active for so long, researchers have been able to answer a long-standing question: plasma circulates in a single loop, or cell, within each hemisphere of the Sun, instead of in multiple cells as once believed.




The observations show that plasma takes roughly 22 years to complete this full circuit. It rises from regions near the equator toward the poles before sinking deep inside the Sun and moving back toward the equator. This timing matches the Sun's magnetic cycle and helps explain why sunspots, which are produced when strong magnetic fields break through the surface, tend to appear progressively closer to the equator as each solar cycle unfolds.

2. Does the Sun shine steadily?

Measuring the energy emitted by the Sun is essential for understanding how solar heating influences Earth's atmosphere and climate. SOHO's long-running record, paired with earlier datasets, now provides nearly fifty years of high-quality observations.

Scientists have found that the Sun's total energy output changes very little, varying by only about 0.06% over the solar cycle. However, its extreme ultraviolet radiation changes far more significantly, doubling between solar minimum and solar maximum. This form of radiation affects the chemistry and temperature in Earth's upper atmosphere, but it is not a direct cause of the long-term warming trend near the planet's surface.

3. Solar storm monitoring made law

SOHO has played such a pivotal role in the development of real-time space weather monitoring systems that it was signed into United States law in October 2020.

The 'Promoting Research and Observations of Space Weather to Improve the Forecasting of Tomorrow' (PROSWIFT) act specifically mentions SOHO's Large Angle and Spectrometric Coronagraph (LASCO) instrument.

LASCO is a coronagraph, a telescope with a disc masking the centre of view. By blocking out the direct light coming from the Sun, the instrument can see light from the surrounding atmosphere, called the corona. This allows us to see coronal mass ejections -- large eruptions of solar material and magnetic fields -- as they set off from the Sun, providing up to three days warning of potentially disruptive incoming space weather reaching Earth.

4. 5,000 comets -- and counting!

The telescope's prowess as a comet hunter was unplanned, but turned out to be an unexpected success. Thanks to the screening effect of SOHO's coronagraph, 'sungrazer' comets -- those that approach the Sun at very close distances -- also become visible.

Not all comets seen by SOHO are sungrazers. For example, it also beautifully captured Comet Tsuchinshan-ATLAS, also called the Great Comet of 2024, a non-periodic comet from the outer reaches of the Solar System.

SOHO discovered its 5,000th comet in March 2024, making it the most prolific comet-discoverer in history. Most of these have been found by citizen scientists worldwide through the Sungrazer Project. The observations have provided valuable data on the movement, composition and dust production of comets.

5. Enabling future discoveries

SOHO's longevity and accomplishments have influenced the design, goals, and collaborative approach of new solar observatories. It has also helped set standards for open data and international cooperation in solar research.

For example, the ESA-led Solar Orbiter mission is imaging the solar poles from higher latitude and flying much closer to the Sun, with many of its instruments being successors of SOHO's. Similarly, NASA's Solar Dynamics Observatory carries improved versions of SOHO's instruments to continue the legacy that SOHO began in areas of full-disc imaging and helioseismology. Moreover, SOHO frequently contributes to 'multipoint' measurements, providing essential context for Solar Orbiter and NASA's Parker Solar Probe as they fly along their own unique orbits around the Sun.

Even more recently, ESA's Proba-3 took to the skies to open up new views of the Sun's faint corona, while the Agency's upcoming Vigil mission will be the first to monitor the Sun from the 'side', detecting solar storms before they roll into SOHO's line-of-sight.

"SOHO is an all-round shining success, thanks to the dedication of the teams keeping this incredible machine flying," says Daniel. "Its science remains valuable and relevant, serving generations of scientists, and I'm certain that its legacy will continue to guide solar science for decades to come."
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Space is filling with junk and scientists have a fix | ScienceDaily
Each rocket launch sends valuable materials into the sky that cannot be recovered, while also releasing large amounts of greenhouse gases and chemicals that damage the ozone layer. A new paper published December 1 in the Cell Press journal Chem Circularity examines how familiar ideas like reducing, reusing, and recycling could be built into the way satellites and spacecraft are designed, repaired in orbit, and handled at the end of their service lives.


						
"As space activity accelerates, from mega-constellations of satellites to future lunar and Mars missions, we must make sure exploration doesn't repeat the mistakes made on Earth," says senior author and chemical engineer Jin Xuan of the University of Surrey. "A truly sustainable space future starts with technologies, materials and systems working together."

Growing debris and the problem of abandoned satellites

The environmental toll continues long after launch. Most spacecraft and satellites are never recycled, which means that large amounts of material are permanently lost when missions end. Many older satellites are shifted into "graveyard orbits," while others become drifting orbital debris that can disrupt the operation of active systems.

The authors argue that this approach cannot continue, especially with the increasing pace of private space missions. They highlight the need for a circular space economy, a model in which materials and equipment are created with reuse, repair, and recycling in mind. They also note that industries such as personal electronics and automotive manufacturing have already adopted similar ideas with considerable success.

"Our motivation was to bring the conversation about circularity into the space domain, where it's long overdue," says Xuan. "Circular economy thinking is transforming materials and manufacturing on Earth, but it's rarely applied to satellites, rockets, or space habitats."

Applying the 3 Rs to spacecraft, satellites, and space stations

According to the team, the foundation of a circular space economy lies in the 3 Rs: reduce, reuse, and recycle. Reducing waste would begin with building satellites and spacecraft that last longer and can be fixed more easily in space. They also suggest turning space stations into multifunctional centers where spacecraft can refuel, undergo repairs, or even have new components manufactured, which could cut down on the number of launches required.




The authors add that bringing spacecraft and space stations safely back to Earth for reuse would require better recovery systems, including technologies such as parachutes and airbags. They point out that equipment in space experiences significant wear because of extreme temperatures and radiation, so any part intended for reuse would need to pass strict safety checks.

Recovering orbital debris and using advanced technology for safer space operations

The researchers also recommend new efforts to gather orbital debris, such as using robotic arms or nets to collect fragments so the materials can be recycled. This would also help prevent collisions that create even more debris.

Data-driven tools will play an important role in this transition, the authors say. Information gathered from spacecraft could guide improvements in design and help limit waste, while simulation tools may reduce the need for expensive physical testing. They add that AI systems could help spacecraft and satellites avoid dangerous debris in real time.

Transforming the entire space system through innovation and global cooperation

The authors emphasize that a circular space economy represents a major shift in how the space sector works. Instead of focusing on single pieces of hardware, the entire system needs to be considered at once, from the materials used to how spacecraft are operated and retired.




"We need innovation at every level, from materials that can be reused or recycled in orbit and modular spacecraft that can be upgraded instead of discarded, to data systems that track how hardware ages in space," says Xuan.

"But just as importantly, we need international collaboration and policy frameworks to encourage reuse and recovery beyond Earth. The next phase is about connecting chemistry, design, and governance to turn sustainability into the default model for space."

This research received support from the UK Engineering and Physical Sciences Research Council, the Leverhulme Trust, and the Surrey-Adelaide Partnership Fund.
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Engineered imperfections supercharge graphene's power | ScienceDaily
Recent research has revealed a technique for producing graphene that deliberately incorporates structural defects to enhance its performance. This strategy could help advance several fields, including sensors, batteries and electronics.


						
Scientists from the University of Nottingham's School of Chemistry, the University of Warwick and Diamond Light Source created a single-step approach that grows graphene-like films using a molecule called Azupyrene. The shape of this molecule closely resembles the type of defect the researchers wanted to introduce. Their findings were published recently in Chemical Science.

Why Imperfections Can Improve Graphene

David Duncan, Associate Professor from the University of Nottingham and one of the study's lead authors, explains: "Our study explores a new way to make graphene, this super-thin, super-strong material is made of carbon atoms, and while perfect graphene is remarkable, it is sometimes too perfect. It interacts weakly with other materials and lacks crucial electronic properties required in the semiconductor industry.

"Usually defects in material are seen as problems or mistakes that reduce performance, we have used them intentionally to add functionality. We found the defects can make the graphene more "sticky" to other materials, making it more useful as a catalyst, as well as improving its capability of detecting different gasses for use in sensors. The defects can also alter the electronic and magnetic properties of the graphene, for potential applications in the semiconductor industry."

Azupyrene Enables Precise Control of Defect Formation

Graphene is normally built from a repeating pattern of six carbon atoms arranged in a flat ring. The defect targeted in this research consists of neighboring 5 and 7 atom rings. Azupyrene naturally contains this type of irregular ring pattern, making it an ideal starting molecule. By using Azupyrene to grow the graphene films, the team achieved a high concentration of this specific defect. Adjusting the temperature during the growth phase allowed the researchers to fine-tune how many defects appeared in the final material.




Researchers at the Graphene Institute in Manchester also showed that the resulting graphene could be transferred onto a variety of surfaces while keeping the engineered defects intact, an important step toward integrating these films into real devices.

International Collaboration and Advanced Tools Reveal Atomic Behavior

The project relied on a broad set of advanced techniques and involved teams from the UK, Germany and Sweden. Researchers used high-resolution microscopy and spectroscopy at Diamond Light Source in Oxfordshire and at MAX IV in Sweden, along with the UK national supercomputer ARCHER2. These tools enabled them to examine the atomic structure of the defective graphene, confirm the presence of the engineered defects and determine how they influenced the material's chemical and electronic behavior.

Professor Reinhard Maurer from the Department of Chemistry at the University of Warwick states: "By carefully choosing the starting molecule and the growth conditions, we've shown it's possible to grow graphene in which imperfections can be introduced in a more controlled way. We characterize the signatures of these imperfects by bringing together atomic-scale imaging, spectroscopy, and computational simulation."

"This study is a testament to what can be achieved through international collaboration and the integration of diverse scientific expertise," said Dr. Tien-Lin Lee from Diamond Light Source. "By combining advanced microscopy, spectroscopy, and computational modelling across institutions in the UK, Germany, and Sweden, we were able to uncover the atomic-scale mechanisms behind defect formation in graphene, something no single technique or team could have achieved alone."
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Surprising optics breakthrough could transform our view of the Universe | ScienceDaily
Gravitational-wave detectors may soon get a major performance boost, thanks to a new instrumentation advance led by physicist Jonathan Richardson of the University of California, Riverside. In a paper published in the journal Optica, Richardson and his colleagues describe FROSTI, a full-scale prototype that successfully controls laser wavefronts at extremely high power inside the Laser Interferometer Gravitational-Wave Observatory, or LIGO.


						
LIGO is an observatory that measures gravitational waves -- tiny ripples in spacetime created by massive accelerating objects such as colliding black holes. It was the first facility to directly detect these waves, providing strong support for Einstein's Theory of Relativity. Using two 4-km-long laser interferometers located in Washington and Louisiana, LIGO senses incredibly small disturbances, giving scientists a new way to study black holes, cosmology, and matter under extreme conditions.

LIGO relies on mirrors that are among the most carefully engineered components in modern science. Each mirror is 34 cm across, 20 cm thick, and weighs about 40 kg. To detect distortions in spacetime that are smaller than 1/1,000th the diameter of a proton, these mirrors must be held almost perfectly still. Even tiny vibrations or environmental noise can drown out the faint gravitational-wave signals that LIGO is trying to detect.

"At the heart of our innovation is a novel adaptive optics device designed to precisely reshape the surfaces of LIGO's main mirrors under laser powers exceeding 1 megawatt -- more than a billion times stronger than a typical laser pointer and nearly five times the power LIGO uses today," said Richardson, an assistant professor of physics and astronomy. "This technology opens a new pathway for the future of gravitational-wave astronomy. It's a crucial step toward enabling the next generation of detectors like Cosmic Explorer, which will see deeper into the universe than ever before."

FROSTI: precision thermal control for LIGO mirrors

FROSTI, short for FROnt Surface Type Irradiator, is a precision wavefront control system designed to cancel out distortions produced when intense laser light heats LIGO's optics. Existing systems can only make relatively coarse corrections, but FROSTI uses a more advanced thermal projection method to apply fine, higher-order adjustments to the mirror surfaces. This level of control is essential for the more demanding performance requirements of future detectors.

Despite its icy name, FROSTI operates by warming the surface of the mirror in a very controlled way that returns it to its ideal optical shape. By using thermal radiation, the system projects a carefully tailored heat pattern onto the mirror. This smooths out optical distortions while avoiding extra noise that could be mistaken for real gravitational-wave signals.




Why better optics matter for gravitational-wave astronomy

Gravitational waves were first detected by LIGO in 2015, marking the beginning of a new era in astronomy. To fully exploit this new way of observing the universe, however, upcoming detectors need to see more distant events and measure them with greater clarity.

"That means pushing the limits on both laser power and quantum-level precision," Richardson said. "The problem is, increasing laser power tends to destroy the delicate quantum states we rely on to improve signal clarity. Our new technology solves this tension by making sure the optics remain undistorted, even at megawatt power levels."

With this approach, the new technology is expected to expand the observable gravitational-wave universe by a factor of 10. That increase in reach could allow astronomers to detect millions of black hole and neutron star mergers across cosmic history, and to study them with unprecedented detail.

Looking Ahead: LIGO A# and Cosmic Explorer

FROSTI is expected to be a key component of LIGO A#, a planned upgrade that will act as a testbed for the next-generation observatory known as Cosmic Explorer. The current prototype has been demonstrated on a 40-kg LIGO mirror, but the same principles can be scaled up and adapted to the much larger 440-kg mirrors proposed for Cosmic Explorer.

"The current prototype is just the beginning," Richardson said. "We're already designing new versions capable of correcting even more complex optical distortions. This is the R&D foundation for the next 20 years of gravitational-wave astronomy."

Richardson conducted the research in collaboration with scientists at UCR, MIT, and Caltech.

The work was supported by a grant to Richardson from the National Science Foundation.
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JWST finds a Milky Way twin born shockingly early in the Universe | ScienceDaily
Astronomers have identified a spiral galaxy that looks strikingly similar to the Milky Way in a period of the Universe when such organized systems were not expected to exist. Two researchers in India spotted this unusually developed galaxy only 1.5 billion years after the Big Bang, a timing that calls long-established ideas of galaxy growth into question.


						
NASA's James Webb Space Telescope (JWST), which can detect extremely faint and distant light, made the find possible. With its powerful infrared vision, researchers Rashi Jain and Yogesh Wadadekar observed a system that closely resembles the Milky Way, even though it formed when the Universe was roughly a tenth of its current age. They named the galaxy Alaknanda, inspired by a Himalayan river that is one of the twin headstreams of the Ganga alongside the Mandakini, a name that also happens to be the Hindi word for the Milky Way.

This work was conducted at the National Centre for Radio Astrophysics of the Tata Institute of Fundamental Research (NCRA-TIFR) in Pune, India, and the results appear in the European journal Astronomy & Astrophysics.

Why This Galaxy Should Not Exist So Early

Astronomers typically expect early galaxies to look chaotic and irregular rather than structured and stable. Classic spiral galaxies with two well-shaped arms (known as a 'grand-design' spiral) are thought to require several billion years to fully develop. Forming such a galaxy involves slow, steady gas accretion, the settling of that gas into a rotating disk, and the emergence of density waves that sculpt spiral arms. On top of that, the system must avoid major collisions that could disrupt or destroy its delicate structure.

Alaknanda does not fit this pattern at all. It already displays two prominent, sweeping arms that encircle a bright central bulge, stretching across about 30,000 light-years. It is also forming stars at an exceptional pace, creating the equivalent mass of about 60 Suns each year. That rate is about 20 times faster than the Milky Way today. Roughly half of the stars in Alaknanda seem to have formed within only 200 million years, which is extremely rapid on cosmic timescales.

"Alaknanda has the structural maturity we associate with galaxies that are billions of years older," says Rashi Jain. "Finding such a well-organized spiral disk at this epoch tells us that the physical processes driving galaxy formation -- gas accretion, disk settling, and possibly the development of spiral density waves -- can operate far more efficiently than current models predict. It's forcing us to rethink our theoretical framework."

How Gravitational Lensing Helped Reveal Alaknanda




Alaknanda appears in the direction of a massive galaxy cluster known as Abell 2744, or Pandora's Cluster. The cluster's gravity bends and amplifies the light from galaxies behind it, an effect called gravitational lensing. This natural magnification made Alaknanda appear about twice as bright, giving JWST a clearer view of its spiral structure.

To study the galaxy in depth, Jain and Wadadekar examined JWST images taken through up to 21 different filters, each capturing a separate slice of its light. These observations, part of JWST's UNCOVER and MegaScience surveys, allowed the researchers to determine the galaxy's distance, the amount of dust it contains, how many stars it has formed, and how its star formation rate has changed over time with unusual precision.

A Universe That Grew Up Faster Than Expected

JWST has already revealed several surprisingly mature disk galaxies at great distances, but Alaknanda stands out as one of the clearest early examples of a classic grand-design spiral (a galaxy with two well-defined, symmetric arms). Its existence adds to growing evidence that the early Universe was far more advanced than scientists once thought.

"Alaknanda reveals that the early Universe was capable of far more rapid galaxy assembly than we anticipated," says Yogesh Wadadekar. "Somehow, this galaxy managed to pull together ten billion solar masses of stars and organize them into a beautiful spiral disk in just a few hundred million years. That's extraordinarily fast by cosmic standards, and it compels astronomers to rethink how galaxies form."

Researchers now want to understand what created Alaknanda's spiral arms. One idea is that steady inflows of cold gas allowed density waves to naturally shape the arms. Another possibility is that a smaller companion galaxy passed close enough to trigger the spiral pattern, although such tidal spirals usually fade quickly. Follow-up observations using JWST's spectroscopic instruments or the Atacama Large Millimeter Array (ALMA) in Chile could reveal whether the disk rotates smoothly (dynamically "cold") or shows signs of turbulence (dynamically "hot"), providing clues to its formation.




What This Discovery Means for Understanding Cosmic History

Alaknanda is more than an impressive image from the distant past. Its presence forces astronomers to reevaluate the timeline of cosmic evolution, including how stars, galaxies, and ultimately planets such as Earth came into existence. If galaxies could organize themselves this quickly, then the early Universe was a far more active and productive environment than previously assumed, potentially allowing planetary systems to emerge earlier than expected.

As JWST continues to push deeper into space and time, more galaxies like Alaknanda are likely to be found, each offering new insight into how rapidly the early Universe built complex structures.

The existence of Alaknanda strengthens the case that the young Universe was capable of forming stable, disk-dominated systems much earlier than scientists believed, making it one of the most distant grand-design spiral galaxies ever identified.
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Dead stars aren't so dead after all: The hidden force inflating white dwarfs | ScienceDaily
White dwarfs are the dense remnants left behind after a star stops producing energy through nuclear fusion, a stage our own sun will reach far in the future. These stellar remnants behave in unusual ways, since their internal structure makes them shrink as they gain mass, which is why they are known as degenerate stars.


						
White dwarfs frequently exist in binary systems, where two stars orbit each other. Most of these pairs are extremely old on galactic timescales and have cooled to temperatures near 4,000 degrees Kelvin. Recent observations, however, have uncovered a group of short period binaries in which the stars complete an orbit in less than an hour. These fast moving pairs do not match established predictions, since many appear to be roughly twice the expected size and have temperatures between 10,000 and 30,000 degrees Kelvin.

Investigating the Role of Tidal Heating

This unexpected behavior led a research team headed by Lucy Olivia McNeill of Kyoto University to examine the influence of tidal forces in these systems. Tides frequently distort objects that share close orbits, affecting how those orbits evolve over time.

"Tidal heating has had some success in explaining temperatures of Hot Jupiters and their orbital properties with their host stars. So we wondered: to what extent can tidal heating explain the temperatures of white dwarfs in short period binaries?" asks McNeill.

To explore this question, the researchers developed a theoretical model designed to estimate how much white dwarfs heat up in short period binaries. The model was built to be widely applicable, making it possible to estimate both the temperature history and the future orbital changes of white dwarfs in these systems.

Tidal Forces Reshape White Dwarf Evolution

The team's analysis showed that tidal interactions can play a major role in how these stars evolve. In particular, the gravitational pull from a smaller white dwarf can raise internal heat within a larger but less massive companion. This added heat causes the star to expand and pushes its surface temperature to at least 10,000 degrees Kelvin.




Because of this expansion, the researchers propose that white dwarfs are likely to be twice the size predicted by standard theory at the point where they begin exchanging material, a stage known as mass transfer. As a result, these short period pairs may start interacting at orbital periods that are three times longer than scientists previously believed.

"We expected tidal heating would increase the temperatures of these white dwarfs, but we were surprised to see how much the orbital period reduces for the oldest white dwarfs when their Roche lobes come into contact," says McNeill.

Implications for Stellar Explosions and Future Research

White dwarfs in extremely tight orbits will eventually interact and emit gravitational radiation. Systems of this kind are considered possible origins of type Ia supernovae and cataclysmic variables, two dramatic and scientifically important cosmic events.

Looking ahead, the team aims to apply their model to binary systems made of carbon-oxygen white dwarfs. Their goal is to better understand the potential pathways leading to type Ia explosions, especially whether realistic temperature predictions support the double degenerate (merger) scenario.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251202052228.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New graphene breakthrough supercharges energy storage | ScienceDaily
Engineers have achieved a significant advance in the international effort to create energy storage technologies that combine rapid charging with strong power output, paving the way for next-generation systems in electric transportation, grid support and everyday electronics.


						
According to findings published in Nature Communications, the researchers have developed a new carbon-based material that enables supercapacitors to hold energy levels comparable to traditional lead-acid batteries while releasing that energy far more quickly than conventional battery designs.

Supercapacitors are a developing category of energy storage devices that rely on electrostatic charge storage instead of the chemical reactions used in batteries. A long-standing challenge has been that only a small share of the carbon surface area needed for energy storage has been usable.

Unlocking More of Carbon's Potential

Professor Mainak Majumder, Director of the ARC Research Hub for Advanced Manufacturing with 2D Materials (AM2D) in Monash's Department of Mechanical and Aerospace Engineering, participated in the study.

"Our team has shown how to unlock much more of that surface area by simply changing the way the material is heat-treated," said Professor Majumder.

"This discovery could allow us to build fast-charging supercapacitors that store enough energy to replace batteries in many applications, and deliver it far more quickly."

Innovative Graphene Architecture Drives the Breakthrough




The researchers traced this progress to a newly designed material architecture called multiscale reduced graphene oxide (M-rGO), created from natural graphite, an abundant resource in Australia.

Through a rapid thermal annealing process, the team formed a highly curved graphene structure with controlled pathways that allow ions to move with exceptional speed and efficiency. This produced a material capable of both high energy density and high power density, a combination that is rarely achieved in a single device.

Record Performance in Real Devices

Dr. Petar Jovanovic, a research fellow in the ARC AM2D Hub and co-author of the study, explained that when incorporated into pouch cell devices, the Monash supercapacitors demonstrated:
    	Volumetric energy densities of up to 99.5 Wh/L (in ionic liquid electrolytes)
    	Power densities as high as 69.2 kW/L
    	Rapid charging capabilities with excellent cycle stability.

"These performance metrics are among the best ever reported for carbon-based supercapacitors, and crucially, the process is scalable and compatible with Australian raw materials," Dr. Jovanovic said.

Moving Toward Commercial Use

Dr. Phillip Aitchison, CTO of the Monash University spinout Ionic Industries and a co-author of the study, noted that efforts to commercialize the technology are already underway.




"Ionic Industries was established to commercialize innovations such as these and we are now making commercial quantities of these graphene materials," said Dr. Aitchison.

"We're working with energy storage partners to bring this breakthrough to market-led applications -- where both high energy and fast power delivery are essential."

The project received support from the Australian Research Council and the US Air Force Office of Sponsored Research and aligns with Monash University's broader goal of advancing materials for a low-carbon energy future.
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Scientists just found a way to tell if quantum computers are wrong | ScienceDaily
Quantum computing is often described as a future technology capable of handling problems that traditional computers cannot touch. Researchers expect major breakthroughs in physics, medical research, cryptography and several other fields as these machines mature.


						
As competition intensifies to create the first reliable, large-scale commercial quantum computer, a critical issue has become harder to ignore. If these devices produce answers to problems considered impossible for classical machines, how can anyone confirm that the results are correct?

A recent study from Swinburne University sets out to address this dilemma.

Why Quantum Answers Are Difficult to Check

"There exists a range of problems that even the world's fastest supercomputer cannot solve, unless one is willing to wait millions, or even billions, of years for an answer," says lead author, Postdoctoral Research Fellow from Swinburne's Centre for Quantum Science and Technology Theory, Alexander Dellios.

"Therefore, in order to validate quantum computers, methods are needed to compare theory and result without waiting years for a supercomputer to perform the same task."

The research team developed new techniques to confirm whether a particular type of quantum device, known as a Gaussian Boson Sampler (GBS), is producing accurate results. GBS machines rely on photons, the basic particles of light, to generate probability calculations that would require thousands of years for even the fastest classical supercomputer to complete.




New Tools Reveal Hidden Errors in Advanced Quantum Experiments

"In just a few minutes on a laptop, the methods developed allow us to determine whether a GBS experiment is outputting the correct answer and what errors, if any, are present."

To demonstrate their approach, the researchers applied it to a recently published GBS experiment that would take at least 9,000 years to reproduce using current supercomputers. Their analysis showed that the resulting probability distribution did not align with the intended target and revealed extra noise in the experiment that had not been evaluated before.

The next step is determining whether reproducing this unexpected distribution is itself computationally difficult or whether the observed errors caused the device to lose its 'quanutmness'.

Progress Toward Reliable, Commercial Quantum Machines

The outcome of this investigation may shape the development of large-scale, error-free quantum computers suitable for commercial use, a goal Dellios hopes to help lead.

"Developing large-scale, error-free quantum computers is a herculean task that, if achieved, will revolutionize fields such as drug development, AI, cyber security, and allow us to deepen our understanding of the physical universe.

"A vital component of this task is scalable methods of validating quantum computers, which increase our understanding of what errors are affecting these systems and how to correct for them, ensuring they retain their 'quantumness'."
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New state of quantum matter could power future space tech | ScienceDaily
Researchers at the University of California, Irvine have identified a previously unobserved form of quantum matter. According to the team, this state arises inside a specially engineered material that may one day support self-charging computers and technologies capable of operating in the harsh environment of deep space.


						
"It's a new phase of matter, similar to how water can exist as liquid, ice or vapor," said Luis A. Jauregui, professor of physics & astronomy at UC Irvine and corresponding author of the new Physical Review Letters. "It's only been theoretically predicted -- no one has ever measured it until now."

Exotic Electron Behavior and Exciton Formation

In this phase, electrons and positively charged "holes" come together to form a fluid-like mixture that creates unusual structures known as excitons. What makes this discovery especially striking is that the electrons and holes rotate in the same direction. "It's its own new thing," Jauregui said. "If we could hold it in our hands, it would glow a bright, high-frequency light."

The phenomenon was found in a material produced at UC Irvine by postdoctoral researcher Jinyu Liu, the study's first author. Jauregui's group detected the phase at the Los Alamos National Laboratory (LANL) in New Mexico while studying the material under intense magnetic conditions.

Magnetic Fields Trigger the New Quantum Phase

Creating this quantum state required exposing the material to magnetic fields of up to 70 Teslas (by comparison, the magnetic field from a strong fridge magnet is around 0.1 Teslas). The team refers to the material as hafnium pentatelluride.




As the magnetic field increased, the researchers observed a sharp drop in the material's electrical conductivity. Jauregui explained that this sudden change indicated the system had shifted into the exotic exciton state. "This discovery is important because it may allow signals to be carried by spin rather than electrical charge, offering a new path toward energy-efficient technologies like spin-based electronics or quantum devices."

Radiation-Resistant Properties for Space Exploration

This newly observed quantum matter is not affected by radiation, a trait that sets it apart from many materials used in today's electronic devices. The team believes this could be significant for space applications.

"It could be useful for space missions," Jauregui said. "If you want computers in space that are going to last, this is one way to make that happen."

Companies such as SpaceX are working toward future human missions to Mars, and any long-duration spaceflight will require electronics that can handle continuous radiation exposure.

"We don't know yet what possibilities will open as a result," Jauregui said.

The material was synthesized, characterized and incorporated into testable devices at UC Irvine by Jinyu Liu with assistance from graduate students Robert Welser and Timothy McSorley, and undergraduate researcher Triet Ho. Theoretical modeling and interpretation were contributed by Shizeng Lin, Varsha Subramanyan, and Avadh Saxena at LANL. High-magnetic-field experiments were carried out with support from Laurel Winter and Michael T. Pettes at LANL and David Graf at the National High Magnetic Field Laboratory in Florida.
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Scientists may have found dark matter after 100 years of searching | ScienceDaily
In the early 1930s, Swiss astronomer Fritz Zwicky noticed that many galaxies were moving far faster than their visible mass should permit. This unusual motion led him to propose that some kind of invisible structure -- dark matter -- was supplying the extra gravitational pull needed to keep those galaxies intact. Nearly a century later, NASA's Fermi Gamma-ray Space Telescope may have captured the first direct evidence of this mysterious substance, offering the possibility of finally "seeing" dark matter.


						
Dark matter has remained one of astronomy's biggest unknowns since it was first suggested. Until now, scientists have only been able to study it indirectly by observing how it affects ordinary matter, such as the way it produces enough gravity to hold galaxies together. Direct detection has not been possible because dark matter particles do not interact with electromagnetic force -- meaning they do not absorb, reflect or emit light.

The WIMP Hypothesis and Predicted Gamma Rays

Many researchers believe that dark matter is made of weakly interacting massive particles, or WIMPs. These particles are thought to be heavier than protons and interact so weakly with normal matter that they are extremely difficult to detect. However, theory suggests that when two WIMPs collide, they annihilate each other and release energetic particles, including gamma ray photons.

Scientists have spent years examining regions where dark matter should be concentrated, especially the center of the Milky Way, searching for these specific gamma rays. Using new data from the Fermi Gamma-ray Space Telescope, Professor Tomonori Totani of the University of Tokyo now believes he has identified the predicted gamma ray signal associated with dark matter particle annihilation.

Totani's findings appear in the Journal of Cosmology and Astroparticle Physics.

A 20-GeV Gamma Ray Halo Near the Milky Way Center

"We detected gamma rays with a photon energy of 20 gigaelectronvolts (or 20 billion electronvolts, an extremely large amount of energy) extending in a halolike structure toward the center of the Milky Way galaxy. The gamma-ray emission component closely matches the shape expected from the dark matter halo," said Totani.




The measured gamma ray energy spectrum, which describes how the intensity of the emission varies, closely matches model predictions for the annihilation of hypothetical WIMPs with masses roughly 500 times that of a proton. The estimated frequency of these annihilation events based on the observed gamma ray intensity also fits within expected theoretical ranges.

Evaluating the Possibility of a Major Breakthrough

Totani explains that the gamma ray pattern cannot be easily matched to other known sources or more common astrophysical processes. Because of this, he views the data as a strong candidate for long-sought gamma ray emission from dark matter.

"If this is correct, to the extent of my knowledge, it would mark the first time humanity has 'seen' dark matter. And it turns out that dark matter is a new particle not included in the current standard model of particle physics. This signifies a major development in astronomy and physics," said Totani.

Next Steps and Independent Verification

Although Totani is confident in his analysis, he emphasizes that independent confirmation is essential. Other researchers will need to review the data to verify that the halolike radiation truly results from dark matter annihilation rather than another astrophysical source.

Further support could come from finding the same gamma ray signature in other regions rich in dark matter. Dwarf galaxies orbiting within the Milky Way halo are considered especially promising. "This may be achieved once more data is accumulated, and if so, it would provide even stronger evidence that the gamma rays originate from dark matter," said Totani.

Funding: This work was supported by JSPS/MEXT KAKENHI Grant Number 18K03692.
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Scientists just teleported information using light | ScienceDaily
Life online remains vulnerable. Criminals can infiltrate bank accounts or steal personal identities, and AI is helping these attacks become more sophisticated. Quantum cryptography offers a promising defense by using the rules of quantum physics to secure communication against eavesdropping. Even so, building a functioning quantum internet still involves major technical challenges. A team at the Institute of Semiconductor Optics and Functional Interfaces (IHFG) at the University of Stuttgart has now made significant progress on one of the most difficult components, the "quantum repeater."


						
Their study appears in Nature Communications.

Quantum Dots as Tiny Platforms for Information Transfer

"For the first time worldwide, we have succeeded in transferring quantum information among photons originating from two different quantum dots," says Prof. Peter Michler, head of the IHFG and deputy spokesperson for the Quantenrepeater.Net (QR.N) research project. To understand why this matters, it helps to look at how communication works. Whether someone sends a WhatsApp message or streams a video, the data always relies on zeros and ones. Quantum communication follows a similar idea, but individual photons act as the information carriers. A zero or one is encoded through the direction of the photon's polarization (i.e., their orientation in the horizontal and vertical directions or in a superposition of both states). Because photons behave according to quantum mechanics, their polarization cannot be measured without leaving detectable traces. Any attempt to intercept the message would be exposed.

Preparing Quantum Networks for Fiber Optics

Another critical issue involves compatibility with today's internet infrastructure. An affordable quantum internet would rely on the same optical fibers used now. However, light traveling through fiber can be transmitted only over limited distances. Conventional signals are refreshed roughly every 50 kilometers using an optical amplifier. Quantum information cannot be amplified or copied, which means this approach does not work. Instead, quantum physics makes it possible to transfer information from one photon to another as long as the information itself remains unknown. This phenomenon is called quantum teleportation.

Developing Quantum Repeaters for Long-Distance Transfer

To take advantage of quantum teleportation, scientists are designing quantum repeaters that can renew quantum information before it disappears in the fiber. These repeaters would function as essential nodes in a quantum internet. Creating them has been difficult. Teleportation requires the photons to be nearly identical in properties such as timing and color. Producing such photons is hard because they come from separate sources. "Light quanta from different quantum dots have never been teleported before because it is so challenging," says Tim Strobel, scientist at the IHFG and first author of the study.




As part of QR.N, his team developed semiconductor light sources that emit photons that closely match each other. "In these semiconductor islands, certain fixed energy levels are present, just like in an atom," says Strobel. This setup enables the production of individual photons with well-defined characteristics. "Our partners at the Leibniz Institute for Solid State and Materials Research in Dresden have developed quantum dots that differ only minimally," he adds. This makes it possible to generate nearly identical photons in two separate locations.

Teleporting Information Between Photons From Different Sources

At the University of Stuttgart, the researchers successfully teleported the polarization state of a photon from one quantum dot to a photon produced by a second quantum dot. One dot emits a single photon and the other generates an entangled photon pair. "Entangled" means the two photons share a single quantum state even when physically apart. One photon from the pair travels to the second quantum dot and interacts with its photon. When the two overlap, their superposition transfers the information from the original photon to the far-away partner of the entangled pair.

A key element of this achievement was the use of "quantum frequency converters," devices that adjust small frequency mismatches between photons. These converters were designed by a team led by Prof. Christoph Becher, a quantum optics specialist at Saarland University.

Working Toward Longer Distances and Higher Accuracy

"Transferring quantum information between photons from different quantum dots is a crucial step toward bridging greater distances," Michler explains. In this experiment, the two quantum dots were linked by about 10 meters of optical fiber. "But we are working on achieving considerably greater distances," says Strobel.




Earlier research had already shown that entanglement between quantum dot photons can survive a 36-kilometer transmission through the city center of Stuttgart. The team also aims to increase the teleportation success rate, which is currently a little above 70%. Variations within each quantum dot still cause small inconsistencies in the photons.

"We want to reduce this by advancing semiconductor fabrication techniques," says Strobel. Dr. Simone Luca Portalupi, group leader at the IHFG and one of the study coordinators, adds, "Achieving this experiment has been a long-standing ambition -- these results reflect years of scientific dedication and progress. It's exciting to see how experiments focused on fundamental research are taking their first steps toward practical applications."

A Nationwide Effort to Build Quantum Repeater Technology

Research on quantum repeaters receives funding from the Federal Ministry of Research, Technology and Space (BMFTR) as part of the "Quantenrepeater.Net (QR.N)" project. Coordinated by Saarland University, the QR.N network includes 42 partners from universities, research institutes, and industry who collaborate on developing and testing quantum repeater technology in optical fiber networks. The program builds on results from the earlier "Quantenrepeater.Link (QR.X)" initiative, also supported by the BMFTR (formerly BMBF), which helped lay the foundation for a nationwide quantum repeater from 2021 to 2024. Scientists at the University of Stuttgart have played a central role in both efforts.

The quantum teleportation experiments were carried out under the leadership of the Institute of Semiconductor Optics and Functional Interfaces (IHFG) with contributions from the Leibniz Institute for Solid State and Materials Research (IFW) in Dresden and the Quantum Optics research group at Saarland University.
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Miracle material's hidden quantum power could transform future electronics | ScienceDaily
Graphene is a remarkable form of carbon, built from a single layer of tightly connected atoms that is only one atom thick. Despite its thinness, it is highly stable and conducts electricity extremely well. Because of these qualities, graphene is considered a "miracle material" and is already being explored for flexible electronic screens, highly sensitive sensors, advanced batteries, and next-generation solar cells.


						
A new study led by the University of Gottingen, in collaboration with teams in Braunschweig, Bremen, and Fribourg, shows that graphene may be capable of even more. For the first time, scientists have directly observed "Floquet effects" in graphene. This finding settles a long-running scientific question: Floquet engineering, a technique in which light pulses precisely modify the properties of a material, can also function in metallic and semi-metallic quantum materials such as graphene. The research appears in Nature Physics.

Direct Evidence of Floquet States in Graphene

To probe these effects, the team used femtosecond momentum microscopy, a method that allows researchers to capture extremely fast changes in electronic behavior. The graphene samples were illuminated with rapid bursts of light and then examined with a delayed pulse to follow how the electrons responded over ultrashort timescales.

"Our measurements clearly prove that 'Floquet effects' occur in the photoemission spectrum of graphene," says Dr. Marco Merboldt of the University of Gottingen, the study's first author. "This makes it clear that Floquet engineering actually works in these systems -- and the potential of this discovery is huge." Their results demonstrate that Floquet engineering is effective in a wide range of materials. This brings scientists closer to the ability to shape quantum materials with specific characteristics using laser pulses within extremely short intervals.

Light-Controlled Quantum Materials for Future Technologies

Being able to tune materials with such precision could lay the groundwork for future electronics, computers, and highly advanced sensors. Professor Marcel Reutzel, who led the project in Gottingen together with Professor Stefan Mathias, explains: "Our results open up new ways of controlling electronic states in quantum materials with light. This could lead to technologies in which electrons are manipulated in a targeted and controlled manner."

Reutzel continues: "What is particularly exciting is that this also enables us to investigate topological properties. These are special, very stable properties which have great potential for developing reliable quantum computers or new sensors for the future."

This research was supported by the German Research Foundation (DFG) through Gottingen University's Collaborative Research Centre "Control of Energy Conversion at Atomic Scales."
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Seven-year study uncovers the holy grail of beer brewing | ScienceDaily
For many people, a glass of beer feels incomplete without a thick, creamy layer of foam resting on top. Yet anyone who enjoys beer knows that this foam often disappears quickly, collapsing before the first sip. Some varieties, however, manage to hold their foam for a surprisingly long time.


						
Researchers at ETH Zurich, led by Jan Vermant, Professor of Soft Materials, have uncovered the scientific explanation for these differences. Their work, published in the journal Physics of Fluids, is the result of seven years of detailed investigation. The idea for the study began with a straightforward question posed to a Belgian brewer: "How do you control brewing?" The brewer's answer was brief but revealing: "By watching the foam."

The research team now has a solid grasp of the forces and structures responsible for long-lasting beer foam, offering new insight into what keeps a beer's head intact.

Tripel, Dubbel, and Singel: Which Foams Hold Up Best

In their analysis of Belgian ales, the scientists found a clear hierarchy. "Tripel" beers produced the most stable foam, followed by "Dubbel" beers, while "Singel" beers had the least durable head due to milder fermentation and lower alcohol content.

The team also evaluated two lagers from large Swiss breweries. Although these lagers can achieve foam stability similar to Belgian ales, the physics behind them vary significantly. One lager performed noticeably worse than expected. As Vermant notes, "There is still room for improvement -- we are happy to help."

For many years, scientists believed that beer foam mainly stayed intact because of protein-rich layers that formed around each bubble. These proteins, which come from barley malt, can influence how easily the bubble surface flows (its surface viscosity) and its surface tension.




However, the new experiments show that foam stability is more complex than previously thought, and highly dependent on beer style.

How Proteins and Surface Forces Shape Foam Stability

In lager beers, foam stability is controlled by surface viscoelasticity. This property depends heavily on both the amount of protein in the beer and how these proteins denature. Higher protein levels result in a stiffer film surrounding the bubbles, which helps the foam last longer.

"Tripel" beers, by contrast, rely very little on surface viscoelasticity. Instead, they maintain foam through Marangoni stresses -- forces created when variations in surface tension generate movement across a liquid's surface.

A simple demonstration of this effect involves placing crushed tea leaves on water. At first, the pieces float evenly. When a drop of soap lands on the surface, the leaves are suddenly pulled outward, and swirling currents begin. When these currents persist, they help steady the bubbles, similar to what happens in "Tripel" foam.

Inside the Bubble Shells: Why Different Beers Behave Differently

The researchers found that foam stability depends on the structure and behavior of the protein-rich shells that surround each bubble. In Belgian "Singel" beers, these shells behave as though many small, spherical particles are tightly packed across the bubble surface. This resembles a two-dimensional suspension (a mixture of a liquid and very fine solids), which helps maintain foam.




"Dubbel" beers show a different pattern. Their proteins create a mesh-like membrane that strengthens the bubbles even more. "Tripel" beers again stand apart, with bubble dynamics resembling those of simple surfactants, the molecules commonly used to stabilize foams in everyday products.

The precise reasons for these differences have not been fully determined. Still, one protein, LTP1 (lipid transfer protein 1), appears to play a major role. The ETH researchers confirmed this by examining both the structure and concentration of LTP1 in the Belgian samples.

Partnering With a Major Brewery to Improve Foam Quality

Vermant emphasizes that foam stability is not influenced in a straightforward or linear way. "The stability of the foam does not depend on individual factors in a linear manner. You can't just change one thing and get it right." As an example, adding more surfactants to increase viscosity may actually destabilize the foam because it interferes with Marangoni effects. "The key is to work on one mechanism at a time -- and not on several at once. Beer obviously does this well by nature!" he explains.

The ETH team partnered with one of the largest breweries in the world to better understand foam stability and identify what actually keeps beer foam from collapsing. "We now know the precise physical mechanism and are able to help the brewery improve the foam on their beers," says Vermant.

He notes that, in Belgium, foam is valued for both taste and the overall drinking experience. "But foam isn't always important wherever beer is served -- it's a cultural thing."

Beyond Brewing: Foam Science in Industry and the Environment

The research has practical implications far beyond the brewing world. In electric vehicles, lubricants can begin to foam, which poses serious risks. Vermant's group is now working with Shell and other partners to understand how to break down these foams efficiently.

Another key objective is the development of environmentally friendly surfactants that do not rely on fluorine or silicon. "Our study is an important step in this direction," Vermant says.

The team is also investigating foams as carriers for bacterial systems as part of an ongoing EU project. In collaboration with food researcher Peter Fischer from ETH Zurich, they are studying how proteins can help stabilize milk foam. As Vermant concludes, "So there are many areas where the knowledge we have gained from beer is proving useful."
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Scientists uncover the brain's hidden learning blocks | ScienceDaily
Artificial intelligence can now craft award-winning essays and help doctors detect disease with impressive accuracy. Yet when it comes to true mental flexibility, living brains still have the clear advantage.


						
Humans can adjust to new situations and information with remarkable ease. Learning unfamiliar computer software, trying a new recipe, or figuring out the rules of a new game often happens quickly for people, while AI systems typically struggle to adapt in real time and to learn effectively "on the fly."

In a new study, neuroscientists at Princeton University identify one key reason for this difference. The human brain repeatedly reuses the same cognitive "blocks" across many different situations, combining and recombining them to form new patterns of behavior.

"State-of-the-art AI models can reach human, or even super-human, performance on individual tasks. But they struggle to learn and perform many different tasks," said Tim Buschman, Ph.D., senior author of the study and associate director of the Princeton Neuroscience Institute. "We found that the brain is flexible because it can reuse components of cognition in many different tasks. By snapping together these 'cognitive Legos,' the brain is able to build new tasks."

The research was published on November 26 in the journal Nature.

Compositionality: reusing skills in new situations

If someone already knows how to tune a bicycle, learning to repair a motorcycle can feel more straightforward. That ability to build a new skill out of simpler, familiar ones drawn from related experiences is known as compositionality.




"If you already know how to bake bread, you can use this ability to bake a cake without relearning how to bake from scratch," said Sina Tafazoli, Ph.D., a postdoctoral researcher in the Buschman lab at Princeton and lead author of the new study. "You repurpose existing skills -- using an oven, measuring ingredients, kneading dough -- and combine them with new ones, like whipping batter and making frosting, to create something entirely different."

Until now, evidence for exactly how the brain supports this kind of flexible, compositional thinking has been limited and sometimes conflicting.

To get a clearer picture, Tafazoli trained two male rhesus macaques to carry out three related tasks while recording activity across their brains.

Testing flexibility with visual categorization tasks

Instead of real-world jobs like baking or bike repair, the animals were asked to perform three visual categorization tasks. On a screen, they saw a series of colorful, balloon-like blobs. Their job was to decide whether each blob looked more like a bunny or the letter "T" (categorizing the shape) or whether it appeared more red or more green (categorizing color).

The challenge was more difficult than it sounded. The blobs varied in how clear the differences were. Some images obviously resembled a bunny or were vividly red, while others were ambiguous and required careful judgment to tell the categories apart.




To report their decision about the shape or color, each monkey indicated its answer by looking in one of four different directions on the screen. In one version of the task, for example, looking left meant the animal judged the blob to be a bunny, while looking right signaled that it looked more like a "T."

A crucial part of the experiment was that each task had its own specific rules, yet still shared key components with the others.

One of the color tasks and the shape task required the animals to look in the same directions to indicate their choices, while both color tasks asked the monkeys to categorize the color in the same way (as either more red or more green) but to look in different directions when signaling their color judgment (categorizing the color).

This design allowed the researchers to see whether the brain reused the same neural patterns, or cognitive building blocks, whenever tasks shared certain features.

Prefrontal cortex as a hub for reusable cognitive blocks

After examining patterns of brain activity, Tafazoli and Buschman found that the prefrontal cortex, a region at the front of the brain involved in high-level thinking and decision-making, contained several recurring patterns of activity. These patterns appeared whenever groups of neurons worked together toward a common goal, such as distinguishing colors.

Buschman referred to these patterns as the brain's "cognitive Legos," a set of building blocks that can be flexibly combined to produce different behaviors.

"I think about a cognitive block like a function in a computer program," Buschman said. "One set of neurons might discriminate color, and its output can be mapped onto another function that drives an action. That organization allows the brain to perform a task by sequentially performing each component of that task."

For one of the color tasks, for instance, the brain would assemble a block that determines the color of the image together with another block that guides eye movements in particular directions. When the animal switched to a different task, such as judging shapes instead of colors while still using similar eye movements, the brain simply activated the block for shape processing along with the block for those same eye movements.

This sharing of blocks appeared primarily in the prefrontal cortex and was not seen to the same extent in other brain regions. The finding suggests that this type of compositionality may be a distinctive feature of the prefrontal cortex.

Turning blocks on and off to sharpen focus

Tafazoli and Buschman also observed that the prefrontal cortex seemed to quiet certain cognitive blocks when they were not needed. This likely helps the brain concentrate on the most relevant task at any given moment.

"The brain has a limited capacity for cognitive control," Tafazoli said. "You have to compress some of your abilities so that you can focus on those that are currently important. Focusing on shape categorization, for example, momentarily diminishes the ability to encode color because the goal is shape discrimination, not color."

By selectively activating and suppressing different blocks, the brain can avoid being overloaded and can keep performance focused on the current goal.

Cognitive Legos, AI, and mental health

These cognitive Legos may help explain why people are often able to pick up new tasks so rapidly. The brain does not always need to start from scratch. Instead, it can draw on existing mental components, recombine them, and avoid duplicating work, a strategy that current AI systems generally lack.

"A major issue with machine learning is catastrophic interference," Tafazoli said. "When a machine or a neural network learns something new, they forget and overwrite previous memories. If an artificial neural network knows how to bake a cake but then learns to bake cookies, it will forget how to bake a cake."

Incorporating compositionality into AI could eventually make artificial systems more human-like in their learning, allowing them to acquire new skills over time without erasing older ones.

The same principles could also influence medicine. Many neurological and psychiatric conditions, including schizophrenia, obsessive-compulsive disorder, and some forms of brain injury, can make it difficult for people to apply existing skills in new situations. These problems may arise when the brain can no longer smoothly recombine its cognitive building blocks.

"Imagine being able to help people regain the ability to shift strategies, learn new routines, or adapt to change," Tafazoli said. "In the long run, understanding how the brain reuses and recombines knowledge could help us design therapies that restore that process."

Funding for the study was provided by the National Institutes of Health (R01MH129492, 5T32MH065214).
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JWST spots a strange red dot so extreme scientists can't explain it | ScienceDaily
In the summer of 2022, only a few weeks after the James Webb Space Telescope (JWST) began delivering its first scientific images, astronomers noticed an unexpected pattern: tiny red points scattered throughout the new observations. These extremely compact, distinctly red objects appeared with remarkable clarity thanks to JWST's sensitivity, and there were far more of them than expected. Their discovery suggested the presence of an entirely new population of distant celestial sources that the Hubble Space Telescope had not been able to detect. That limitation made sense. In astronomy, calling something "very red" means the object emits most of its light at long wavelengths. These little red dots emit much of their light at wavelengths longer than a 10 millionth of a meter, in the mid-infrared. Hubble cannot observe such long wavelengths, while JWST was designed specifically to reach them.


						
Follow-up data made it clear that these objects were extraordinarily distant. Even the ones closest to us had taken 12 billion years for their light to arrive. Since looking across space is also looking back in time, we see those objects as they appeared 12 billion years ago, roughly 1.8 billion years after the Big Bang.

Early Theories Point to Massive, Young Galaxies

This discovery raised difficult questions. To interpret any astronomical observation, researchers rely on models that describe what different types of objects should look like. Astronomers can confidently identify a star only because they understand stars as giant plasma spheres held together by gravity, generating energy through nuclear fusion. They also know how stars should appear in images and in detailed measurements of their light known as spectra. When an object matches both appearance and spectrum, it can be classified reliably.

The little red dots did not align with any familiar category, so astronomers began considering more extreme explanations. One early proposal suggested that these objects were unusually dense galaxies filled with enormous numbers of stars, with their reddish color caused by thick layers of dust. To visualize this density, imagine placing the solar system inside a cube one light-year on each side. In our region of space, that cube would contain only the Sun. In the proposed galaxies, the same cube would hold several hundred thousand stars.

In the Milky Way, only the central nucleus has star densities remotely comparable, and that region still contains only about one thousandth of the stars needed for the little-red-dot models. If these galaxies truly packed hundreds of billions of solar masses worth of stars less than a billion years after the Big Bang, it would challenge basic theories of how galaxies form. As co-author Bingjie Wang (Penn State University) notes, "The night sky of such a galaxy would be dazzlingly bright. If this interpretation holds, it implies that stars formed through extraordinary processes which have never been observed before."

Galaxies or Active Galactic Nuclei? A Scientific Divide

Debate quickly emerged. Some researchers favored the star-rich, dust-heavy galaxy idea, while others argued that the little red dots were actually active galactic nuclei obscured by large amounts of dust. Active galactic nuclei occur when material spirals into a galaxy's central black hole, forming an extremely hot accretion disk. However, this interpretation also ran into problems. The spectra of the little red dots differed significantly from known dust-reddened active galactic nuclei. The scenario also required these objects to host supermassive black holes with extremely large masses, and far more of them than expected, considering how many little red dots JWST detected.




Despite their disagreements, astronomers agreed on one point. To solve the mystery, they needed more data. The initial JWST findings offered images, but understanding the physics required spectra, which reveal how much light the objects emit at different wavelengths. Securing such observations is challenging because time on major telescopes is highly competitive. Once the significance of the little red dots became clear, many groups began requesting observing time. One of those successful proposals was the RUBIES program, led by Anna de Graaff of the Max Planck Institute for Astronomy, short for "Red Unknowns: Bright Infrared Extragalactic Survey."

The RUBIES Survey Uncovers an Extreme Example

Between January and December 2024, the RUBIES team used nearly 60 hours of JWST time to collect spectra for 4500 distant galaxies, producing one of the largest JWST spectroscopic data sets so far. According to Raphael Hviding (MPIA), "In that data set, we found 35 little red dots. Most of them had already been found using publicly available JWST images. But the ones that were new turned out to be the most extreme and fascinating object." The most striking discovery came in July 2024: an extraordinarily distant example they named "The Cliff," whose light traveled 11.9 billion years to reach us (redshift z=3.55). Its properties suggested it was an especially intense representative of the little-red-dot population and therefore a crucial object for testing any theories about them.

The Cliff earned its name because of a dramatic feature in its spectrum. In what would normally be the ultraviolet region, the spectrum showed a very steep rise. Due to the expansion of the universe, that wavelength was stretched to nearly five times its original value, placing it in the near-infrared, a process called cosmological redshift. This sudden rise is known as a "Balmer break." Balmer breaks appear in ordinary galaxies, especially in those forming few or no new stars, but they are much weaker than what was seen in The Cliff.

Testing Every Known Explanation

The unusually sharp Balmer break put The Cliff at odds with both of the leading interpretations for the little red dots. De Graaff and her colleagues tested a wide range of galaxy and active galactic nucleus models against the object's spectrum, attempting to reproduce its features. Every model failed.




Anna de Graaff says, "The extreme properties of The Cliff forced us to go back to the drawing board, and come up with entirely new models." Around this time, a September 2024 study from researchers in China and the UK suggested that some Balmer-break features might come from sources other than stars. De Graaff's team had begun considering a related idea themselves. Balmer breaks can appear in the spectra of single, very hot, young stars, as well as in galaxies containing many such stars. Strangely, The Cliff resembled the spectrum of one very hot star more than that of an entire galaxy.

A New Model Emerges: The Black Hole Star (BH)*

Building on that idea, de Graaff and her collaborators introduced a new concept they refer to as a "black hole star," written as BH*. In this model, the central engine is an active galactic nucleus containing a supermassive black hole with an accretion disk, but instead of dust, the entire system is enshrouded in a thick layer of hydrogen gas that reddens the emitted light. BH* objects are not true stars because they lack nuclear fusion in their centers. The gas around them is also far more turbulent than anything found in a normal star's atmosphere. Still, the basic physical situation is comparable. The active galactic nucleus heats the surrounding gas envelope in a way that resembles how fusion heats the outer layers of a star, producing a similar outward appearance.

The models presented by the team serve as early proofs of concept. They are not yet perfect matches to the data, but they reproduce the observed features more successfully than any previous model. The steep rise in the spectrum that inspired the name The Cliff can be explained by a dense, spherical, turbulent gas envelope around an active galactic nucleus. If this interpretation is correct, The Cliff would represent an extreme case dominated by the central black hole star, while the other little red dots would contain varying mixes of BH* light and light from surrounding stars and gas.

Implications for Fast Early Galaxy Growth

If BH* objects are real, they could help clarify another long-standing puzzle. Earlier theoretical work on somewhat smaller intermediate-mass black holes had suggested that a gas-enshrouded configuration like this could enable very rapid black hole growth in the early universe. JWST has already revealed evidence for unusually massive black holes at early times. If supermassive black hole stars grow in a similar way, they could provide a new mechanism for explaining that rapid growth. It remains uncertain whether BH* objects can achieve this, but if they can, it would significantly influence models of early galaxy evolution.

Even with these promising insights, caution is needed. The results are brand-new and follow the standard practice of reporting scientific work only after acceptance by peer-reviewed journals. Whether these ideas will become widely accepted depends on further evidence gathered in the years ahead.

Remaining Mysteries and Future Observations

The new findings mark a major step, offering the first model capable of explaining The Cliff's extreme Balmer break. However, they also raise new questions. How could such a black hole star form in the first place? What allows its unusual gas envelope to persist over long periods (especially since the black hole consumes the gas and must somehow be replenished)? How do the other spectral characteristics of The Cliff arise?

Addressing these issues will require both theoretical modeling and more observations. De Graaff's team already has JWST follow-up observations scheduled for next year, targeting The Cliff and other especially interesting little red dots.

These future studies will help determine whether black hole stars truly played a role in shaping the earliest galaxies. The possibility is intriguing, but far from settled.

Background and Research Team

The work described here has been accepted for publication as A. de Graaff et al., "A remarkable Ruby: Absorption in dense gas, rather than evolved stars, drives the extreme Balmer break of a Little Red Dot at z = 3.5" in Astronomy & Astrophysics. A companion paper led by Raphael Hviding, presenting the broader sample of Little Red Dots from the RUBIES survey, has also been published in the same journal under the title "RUBIES: A spectroscopic census of little red dots -- All point sources with v-shaped continua have broad lines."

Researchers involved include Anna de Graaff, Hans-Walter Rix and Raphael E. Hviding from the Max Planck Institute for Astronomy, along with Gabe Brammer (Cosmic Dawn Center), Jenny Greene (Princeton University), Ivo Labbe (Swinburne University), Rohan Naidu (MIT), Bingjie Wang (Penn State University and Princeton University), and other collaborators.
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X-ray movies reveal how intense lasers tear a buckyball apart | ScienceDaily
Understanding how many atoms move and interact inside laser-driven polyatomic molecules is essential for any attempt to guide chemical reactions using intense light. With the help of ultrashort, high-power X-ray pulses created by accelerator-based free electron lasers (FELs), scientists can now directly observe how strong laser fields rapidly reshape molecular structures.


						
To explore these effects, researchers turned to the well-known football-like molecule "Buckminsterfullerene" C60. Teams from the Max Planck Institute for Nuclear Physics (MPIK) in Heidelberg and the Max Planck Institute for the Physics of Complex Systems (MPI-PKS) in Dresden, working with collaborators at the Max Born Institute (MBI) in Berlin as well as groups in Switzerland, USA and Japan, studied C60 experimentally and theoretically. Their experiment at the Linac Coherent Light Source (LCLS) at the SLAC National Accelerator Laboratory produced the first direct images of how C60 behaves when exposed to strong laser fields.

What X-Ray Diffraction Reveals About Molecular Change

To interpret the molecule's response to a strong infrared (IR) laser pulse, the research team analyzed the resulting X-ray diffraction pattern. From this pattern they extracted two key parameters: the (average) radius R of the molecule and the Guinier amplitude A. The Guinier amplitude reflects the strength of the X-ray scattering signal and depends on N2, which is the squared (effective) number of atoms acting as scattering centers. While R tracks expansion or deformation of the molecule and its fragments, A provides insight into fragmentation, including how large or small the resulting pieces are.

At low intensity, the molecule first expands before noticeable fragmentation begins, which is reflected in a delayed and modest decrease in the Guinier amplitude. At intermediate intensity, the expansion stage is followed by a reduction in the radius observed in X-ray images. This shift indicates scattering from smaller fragments and aligns with the slightly delayed drop in the Guinier amplitude, confirming that many molecules have already broken apart.

Rapid Electron Loss at the Highest Laser Power

At the highest intensity, the molecule expands quickly while the Guinier amplitude drops at the very beginning of the strong laser pulse. This sudden change shows that nearly all outer valence (binding) electrons are stripped away early in the interaction. The model calculations reproduce this fast and forceful response, supporting the idea that the molecule experiences a violent "kick" from the laser field.

For low and intermediate intensities, the theoretical model captures only part of the experimental behavior. The model forecasts oscillations in both radius and amplitude caused by a periodic "breathing" motion of the molecule (see movies), yet this motion is entirely absent in the measured data. When the scientists added an ultrafast heating mechanism affecting atomic positions, the revised model more closely matched the experiment. This result shows that both experimental and theoretical work must continue in order to accurately describe how molecules respond to intense laser fields.

Understanding how multiple electrons move under strong laser exposure remains difficult because a complete quantum mechanical treatment is still out of reach for such complex systems. X-ray movies like the ones captured for C60 provide an important testing ground for exploring fundamental quantum processes in increasingly large and intricate molecules. These insights support long-term efforts to guide chemical reactions with precisely shaped laser fields.
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      Environment News

      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        3.3 billion-year-old crystals reveal a shockingly active early Earth
        Fresh evidence suggests early Earth wasn't locked under a rigid stagnant lid but was already experiencing intense subduction. Ancient melt inclusions and advanced simulations point to continents forming far earlier than expected. The findings overturn long-held assumptions about the planet's infancy and reveal a surprisingly active Hadean world.

      

      
        New data reveals one of the smallest ozone holes in decades
        This year's ozone hole over Antarctica ranked among the smallest since the early 1990s, reflecting steady progress from decades of global action under the Montreal Protocol. Declining chlorine levels and warmer stratospheric temperatures helped limit ozone destruction. Scientists say the layer remains on track to recover later this century.

      

      
        Hornet-eating frog shows remarkable venom resistance
        Experiments reveal that pond frogs can eat highly venomous hornets without suffering noticeable damage, even after repeated stings. Most frogs successfully consumed hornets, including the notorious Asian giant hornet. This unusual resilience suggests that frogs may have evolved mechanisms to block the effects of venom. Their resistance could help scientists uncover new insights into pain and toxin tolerance.

      

      
        Scientists capture flu viruses surfing into human cells in real time
        Scientists have captured a never-before-seen, high-resolution look at influenza's stealthy invasion of human cells, revealing that the cells aren't just helpless victims. Using a groundbreaking imaging technique, researchers discovered that our cells actually reach out and "grab" the virus as it searches for the perfect entry point, surfing along the membrane.

      

      
        Early Earth's sky may have created the first ingredients for life
        Researchers recreated conditions from billions of years ago and found that Earth's young atmosphere could make key molecules linked to life. These sulfur-rich compounds, including certain amino acids, may have formed naturally in the sky. The results suggest early Earth wasn't starting from zero but may have already been stocked with essential ingredients.

      

      
        Doomed ants send a final scent to save their colony
        Ant pupae that are fatally sick don't hide their condition; instead, they release a special scent that warns the rest of the colony. This signal prompts worker ants to open the pupae's cocoons and disinfect them with formic acid, stopping the infection before it can spread. Although the treatment kills the sick pupa, it protects the colony and helps ensure its long-term survival. Researchers found that only pupae too sick to recover send this scent, showing just how finely tuned the colony's earl...

      

      
        A tiny citrus pest is hiding a biological mystery never seen before
        Scientists have discovered a strange tubular structure inside Profftella, a symbiotic bacterium in the Asian citrus psyllid. These long, helical tubes, filled with ribosomes, show a complexity not typically found in bacteria. The discovery reshapes ideas about bacterial evolution and internal architecture. It may also help create targeted methods to control a major global citrus pest.

      

      
        Scientists discover why anacondas stayed giants for 12 million years
        Ancient anaconda fossils show that the snakes became giants soon after emerging in Miocene South America. Their size has stayed stable for over 12 million years, even though other huge reptiles went extinct. Surprisingly, warmer periods didn't make anacondas bigger--just more widespread. Today they remain large thanks to surviving patches of ideal wetland habitat.

      

      
        Monumental Roman basin hidden for 2,000 years unearthed near Rome
        Archaeologists excavating the ancient Roman city of Gabii have uncovered a massive stone-lined basin that may represent one of Rome's earliest monumental civic structures. Its central placement hints that early Romans were already experimenting with dramatic public spaces centuries before the iconic Forum took shape. The site's remarkable preservation--made possible because Gabii was abandoned early--offers an unprecedented look at how Romans adapted Greek architectural ideas into powerful symbols ...

      

      
        A tiny ocean worm just revealed a big secret about how eyes evolve
        Scientists found that adult bristleworm eyes grow continuously thanks to a rim of neural stem cells similar to those in vertebrate eyes. This growth is surprisingly regulated by environmental light via a vertebrate-like c-opsin. The discovery reveals deep evolutionary parallels between distant species and raises questions about how light shapes nervous systems beyond vision. It hints at hidden complexity in creatures long assumed to be simple.

      

      
        A hidden Antarctic shift unleashed the carbon that warmed the world
        As the last Ice Age waned and the Holocene dawned, deep-ocean circulation around Antarctica underwent dramatic shifts that helped release long-stored carbon back into the atmosphere. Deep-sea sediments show that ancient Antarctic waters once trapped vast amounts of carbon, only to release it during two major warming pulses at the end of the Ice Age. Understanding these shifts helps scientists predict how modern Antarctic melt may accelerate future climate change.

      

      
        Satellites spot rapid "Doomsday Glacier" collapse
        Two decades of satellite and GPS data show the Thwaites Eastern Ice Shelf slowly losing its grip on a crucial stabilizing point as fractures multiply and ice speeds up. Scientists warn this pattern could spread to other vulnerable Antarctic shelves.

      

      
        New research reveals the hidden organism behind Lake Erie's toxic blooms
        Dolichospermum, a type of cyanobacteria thriving in Lake Erie's warming waters, has been identified as the surprising culprit behind the lake's dangerous saxitoxins--some of the most potent natural neurotoxins known. Using advanced genome sequencing, researchers uncovered that only certain strains produce the toxin, and that warmer temperatures and low ammonium levels may tip the ecological balance in their favor.

      

      
        Ancient long snouted croc from Egypt rewrites evolution
        A newly identified crocodile relative from Egypt pushes back the origins of the marine-hunting dyrosaurids by millions of years. The fossil, Wadisuchus kassabi, shows a mix of primitive and advanced traits that mark a key evolutionary transition. Rare specimens of different ages reveal how these ancient predators developed. The find reinforces Africa as the center of early dyrosaurid evolution.

      

      
        A lost Amazon world just reappeared in Bolivia
        Researchers exploring Bolivia's Great Tectonic Lakes discovered a landscape transformed over centuries by sophisticated engineering and diverse agricultural traditions. Excavations show how Indigenous societies adapted to dynamic wetlands through raised fields, canals, and mixed livelihoods. Today's local communities preserve this biocultural continuity, guiding research and conservation.

      

      
        Wild chimps consume more alcohol than anyone expected
        Chimpanzees naturally ingest surprising amounts of alcohol from ripe, fermenting fruit. Careful measurements show that their typical fruit diet can equal one to two human drinks each day. This supports the idea that alcohol exposure is not a modern human invention but an ancient primate habit. The work strengthens the "drunken monkey" hypothesis and opens new questions about how animals use ethanol cues in their environment.

      

      
        New 3D scan reveals a hidden network of moai carvers on Easter Island
        A high-resolution 3D model of Rano Raraku shows that the moai were created in many distinct carving zones. Instead of a top-down system, the statues appear to have been produced by separate family groups working independently while sharing techniques. Evidence of varied carving styles and multiple transport routes supports this decentralized picture. The results challenge old assumptions about how large-scale monument building worked on Rapa Nui.

      

      
        Scientists discover hidden wolf DNA in most dogs
        Researchers studying thousands of canine genomes discovered that wolf DNA is still present in most dog breeds. This ancient genetic influence shows up in traits like body size, behavior, and environmental resilience. Even dogs bred far from wolves, including tiny chihuahuas, carry detectable wolf ancestry. The findings highlight how deeply intertwined the histories of dogs and wolves really are.

      

      
        Scientists find coastal seas acidifying shockingly fast
        New findings show that some coastal regions will become far more acidic than scientists once thought, with upwelling systems pulling deep, CO2-rich waters to the surface and greatly intensifying acidification. Historic coral chemistry and advanced modeling reveal that these regions are acidifying much faster than expected from atmospheric CO2 alone, raising serious concerns for fisheries, marine ecosystems, and coastal economies.

      

      
        242-million-year-old mini predator changes lizard evolution
        A tiny 242-million-year-old fossil from Devon is shaking up scientists' assumptions about the earliest members of the lizard lineage. Instead of the expected skull hinges and palate teeth typical of modern lizards and snakes, this ancient creature shows a surprising mix of primitive and unusual traits--along with strikingly large, blade-like teeth. High-resolution synchrotron scans revealed details invisible to the naked eye, helping researchers name the new species Agriodontosaurus helsbypetrae a...

      

      
        Dinosaur mummy found with hooves and a hidden crest
        Scientists have reconstructed the most complete and lifelike profile of Edmontosaurus annectens thanks to an extraordinary preservation process called clay templating, in which a thin clay film captured the dinosaur's skin, scales, spikes, and even hooves in three dimensions. By combining newly excavated "mummies," advanced imaging, and artistic reconstruction, researchers revealed a tall crest, a single row of tail spikes, delicate pebble-like scales, and--most remarkably--the earliest known hoove...

      

      
        A backwards Bible map that changed the world
        Five hundred years ago, a Bible accidentally printed with a backwards map of the Holy Land sparked a revolution in how people imagined geography, borders, and even nationhood. Despite the blunder, the map reshaped the Bible into a Renaissance book and spread new ideas about territorial organization as literacy expanded. Over time, sacred geography evolved into political boundary-making, influencing not only early modern thought but modern attitudes about nation-states.

      

      
        A strange ancient foot reveals a hidden human cousin
        Researchers have finally assigned a strange 3.4-million-year-old foot to Australopithecus deyiremeda, confirming that Lucy's species wasn't alone in ancient Ethiopia. This hominin had an opposable big toe for climbing but still walked upright in a distinct style. Isotope tests show it ate different foods from A. afarensis, revealing clear ecological separation. These insights help explain how multiple early human species co-existed without wiping each other out.

      

      
        Scientists studied 47,000 dogs on CBD and found a surprising behavior shift
        Data from over 47,000 dogs reveal that CBD is most often used in older pets with chronic health issues. Long-term CBD use was linked to reduced aggression, though other anxious behaviors didn't improve. The trend was strongest among dogs whose owners lived in cannabis-friendly states.

      

      
        Bird flu's surprising heat tolerance has scientists worried
        Researchers discovered why bird flu can survive temperatures that stop human flu in its tracks. A key gene, PB1, gives avian viruses the ability to replicate even at fever-level heat. Mice experiments confirmed that fever cripples human-origin flu but not avian strains, especially those with avian-like PB1. These findings highlight how gene swapping could fuel future pandemics.

      

      
        Polluted air quietly erases the benefits of exercise
        Long-term inhalation of toxic air appears to dull the protective power of regular workouts, according to a massive global study spanning more than a decade and over a million adults. While exercise still helps people live longer, its benefits shrink dramatically in regions with heavy fine particle pollution--especially above key PM2.5 thresholds common in many parts of the world. The researchers emphasize that outdoor activity shouldn't stop, but better air quality could unlock far greater health ...
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3.3 billion-year-old crystals reveal a shockingly active early Earth | ScienceDaily
The Hadean Eon, which stretched from 4.6 to 4.0 billion years ago, represents one of the least understood periods in Earth's past. This era opened with the birth of the planet and was quickly followed by a dramatic collision with a Mars-sized object. The impact produced the Moon and left Earth's interior completely molten. A solid crust began forming around 4.5 billion years ago, although scientists have long debated what unfolded after that point.


						
For many years, researchers believed that Earth remained in a "stagnant lid" state until at least the end of the Hadean. According to this idea, the planet was capped by a stiff, unmoving outer shell while heat-driven convection took place deeper in the mantle. In this scenario, the early planet lacked subduction (the process in which crust sinks into the interior) and did not yet produce the continental crust seen in today's plate tectonic system.

A New Challenge to the Stagnant Lid Hypothesis

Now, scientists from the ERC Synergy Grant Project "Monitoring Earth Evolution through Time" (MEET) -- a collaboration between geochemists from Grenoble (France) and Madison (USA), and geodynamic modelers from GFZ Helmholtz Centre for Geosciences in Potsdam (Germany) -- are offering a different interpretation.

Ancient Crystals Reveal Evidence of Early Subduction

In a study published in Nature Communications, the MEET research team reports evidence that both subduction and continental crust formation were not only active during the Hadean but may have been more intense than previously assumed. The Grenoble group analyzed strontium isotopes and trace elements in melt inclusions trapped inside 3.3-billion-year-old olivine crystals, providing rare geochemical snapshots of early Earth. At the same time, the GFZ group applied advanced geodynamic models to understand how these geochemical patterns relate to ancient tectonic activity.

Their combined results point to a far livelier early Earth, suggesting that widespread subduction and the growth of continental crust may have begun several hundred million years earlier than earlier theories proposed.




Glossary of Key Terms

Hadean Eon: The earliest chapter of Earth's history (4.6 to 4.0 billion years ago), beginning with the planet's formation and characterized by extreme heat and frequent impacts.

Subduction: A tectonic process in which one piece of Earth's crust sinks beneath another and moves downward into the mantle.

Stagnant lid: A tectonic state where the planet's outer shell is rigid and unmoving, with very little surface recycling compared to modern plate tectonics.

Mantle convection: The slow, heat-driven movement of material within Earth's mantle that transports energy from the interior toward the surface.

Continental crust: The thick, buoyant type of crust that forms Earth's continents, distinct from the thinner oceanic crust.




Melt inclusions: Tiny pockets of trapped molten material found inside crystals, preserving chemical information about the environment in which the crystals formed.

Olivine crystals: Greenish mineral grains commonly found in Earth's mantle and volcanic rocks; they can preserve ancient geochemical clues.

Strontium isotopes: Different forms of the element strontium used by scientists to determine the origin and history of rocks and magmas.

Geodynamic simulations: Computer models that recreate how Earth's interior moves and evolves over time.

Crustal solidification: The process by which Earth's once-molten surface cooled and hardened into a solid crust.
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New data reveals one of the smallest ozone holes in decades | ScienceDaily
Scientists from NOAA and NASA report that this year's ozone hole over Antarctica is the fifth smallest seen since 1992, the year that the Montreal Protocol, a landmark international agreement to phase out ozone-depleting chemicals, began to take effect.


						
During the peak of the 2025 ozone depletion season, from September 7 through October 13, the ozone hole covered an average of about 7.23 million square miles (18.71 million square kilometers). It is already breaking apart almost three weeks earlier than the typical timing over the past ten years.

"As predicted, we're seeing ozone holes trending smaller in area than they were in the early 2000s," said Paul Newman, a senior scientist at the University of Maryland system and longtime leader of NASA's ozone research team. "They're forming later in the season and breaking up earlier."

Peak size and long-term ozone records

On September 9, the ozone hole reached its largest single-day size for 2025, spanning 8.83 million square miles (22.86 million square kilometers). That area is roughly 30% smaller than the largest ozone hole on record in 2006, which had an average size of 10.27 million square miles (26.60 million square kilometers).

In earlier assessments, NASA and NOAA rated ozone hole severity using records that extend back to 1979, when satellites first began tracking ozone levels above Antarctica. Using this longer 46 year record, the 2025 ozone hole ranks as the 14th smallest in terms of area.

Montreal Protocol helps drive ozone layer recovery

According to NOAA and NASA scientists, this year's measurements support the conclusion that restrictions on ozone-depleting chemicals set by the Montreal Protocol and its later amendments are steadily helping the ozone layer recover. They note that the layer is still expected to return to pre-ozone hole conditions later this century as countries worldwide continue to replace ozone-depleting substances with less harmful alternatives.




"Since peaking around the year 2000, levels of ozone depleting substances in the Antarctic stratosphere have declined by about a third relative to pre-ozone-hole levels," said Stephen Montzka, senior scientist with NOAA's Global Monitoring Laboratory.

"This year's hole would have been more than one million square miles larger if there was still as much chlorine in the stratosphere as there was 25 years ago," added NASA's Newman.

Weather balloon observations showed that in 2025, the ozone layer directly over the South Pole dropped to a minimum of 147 Dobson Units on October 6. For comparison, the lowest value ever measured over the South Pole was 92 Dobson Units in October 2006.

What ozone is and why it matters for life on Earth

Earth's ozone-rich layer functions like a global sunscreen that protects living things from harmful ultraviolet (UV) radiation from the sun. This layer resides in the stratosphere, which lies between 7 and 31 miles above Earth's surface. When ozone levels drop, more UV rays reach the ground, increasing the risk of crop damage and contributing to higher rates of skin cancer and cataracts, along with other negative health effects.

Ozone depletion begins when certain chlorine- and bromine-containing compounds reach the stratosphere, where intense UV radiation breaks them apart and releases reactive forms of chlorine and bromine. These reactive substances then interact with ozone molecules and destroy them. For many years, compounds such as Chlorofluorocarbons (CFCs) and other ozone-depleting substances were widely used in aerosol sprays, foam products, air conditioners and refrigerators, and the chlorine and bromine in these chemicals can remain in the atmosphere for long periods. American leadership in science, technology, and policy has been central to identifying these risks and driving actions that protect the ozone layer as well as the health and prosperity of the American people.




Legacy chemicals and projected ozone hole recovery

Although these chemicals are now banned, many still linger in older materials such as building insulation and in landfills. As emissions from these legacy sources gradually diminish, scientists expect the ozone hole over Antarctica to recover (get smaller) by around the late 2060s.

Laura Ciasto, a meteorologist with NOAA's Climate Prediction Center and a member of the ozone research team, noted that conditions such as temperature, overall weather patterns and the strength of the band of winds circling Antarctica known as the polar vortex also affect ozone levels and the size of the ozone hole from year to year. "A weaker-than-normal polar vortex this past August helped keep temperatures above average and likely contributed to a smaller ozone hole," said Ciasto.

Global network tracks ozone from space and the surface

Keeping an eye on the ozone layer takes a team of observing systems spread across the globe. Scientists monitor ozone using instruments aboard NASA's Aura satellite, the NOAA-20 and NOAA-21 satellites, and the Suomi National Polar-orbiting Partnership satellite that is jointly operated by NASA and NOAA.

NOAA scientists also rely on instruments carried by weather balloons, along with upward-looking surface-based instruments, to directly measure stratospheric ozone above the South Pole Atmospheric Baseline Observatory.
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Hornet-eating frog shows remarkable venom resistance | ScienceDaily
A frog with an unexpectedly strong resistance to venom has been identified, and it routinely eats hornets despite the insects' dangerous stingers. Researchers believe this species may become a useful model organism for exploring how animals develop tolerance to venom.


						
For many people, even glimpsing a hornet's stinger is enough to cause alarm. Yet certain animals, including some birds, spiders, and frogs, regularly prey on adult hornets. A hornet sting can trigger sharp pain, tissue damage, and serious systemic problems such as the destruction of red blood cells and cardiac dysfunction, any of which can be fatal. What has remained uncertain is whether hornet-eating animals actually withstand the venom or simply avoid being stung. According to Kobe University ecologist Shinji Sugiura, "Although stomach-content studies had shown that pond frogs sometimes eat hornets, no experimental work had ever examined how this occurs."

Testing Whether Frogs Endure Hornet Stings

To investigate whether pond frogs evade or tolerate these potentially lethal stings, Sugiura presented individual adult frogs with workers of three hornet species, Vespa simillima, V. analis, and V. mandarinia, in controlled laboratory trials. Each frog was tested only once and paired with hornets that matched its size, with larger frogs being paired with Asian giant hornet (V. mandarinia) workers.

As reported in the journal Ecosphere, Sugiura found clear evidence that adult pond frogs actively launched attacks on workers of all three hornet species. Even more striking, 93%, 87%, and 79% of the frogs succeeded in consuming V. simillima, V. analis, and V. mandarinia, respectively, despite being stung inside the mouth or even in the eyes. Sugiura notes that "While a mouse of similar size can die from a single sting, the frogs showed no noticeable harm even after being stung repeatedly. This extraordinary level of resistance to powerful venom makes the discovery both unique and exciting."

What Makes a Sting Painful or Lethal

Earlier research has shown that the pain caused by stinging insects does not always match the lethality of their venom. Some bees, wasps, and ants deliver extremely painful but non-lethal stings, while others inflict minimal pain despite possessing highly toxic venom. This suggests that the frogs in the study may have developed a dual resistance to both the painful and harmful effects of hornet venom, allowing them to successfully hunt and consume hornet workers.

Future Questions About Venom Tolerance

Sugiura explains that this finding raises major questions for future research. Scientists now hope to determine whether pond frogs possess physiological traits, such as physical barriers or specific proteins, that reduce the pain and toxicity of hornet venom, or whether hornet toxins are simply ineffective in amphibians that rarely attack hornet colonies. These frogs may therefore become important model organisms for studying how vertebrates develop resistance to venom and pain.

This research was funded by the Japan Society for the Promotion of Science KAKENHI (grants JP23K18027 and JP24K02099).
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Scientists capture flu viruses surfing into human cells in real time | ScienceDaily
Fever, aching limbs and a runny nose -- as winter returns, so too does the flu. The disease is triggered by influenza viruses, which enter our body through droplets and then infect vulnerable cells.


						
A research team from Switzerland and Japan has taken an exceptionally close look at how this virus behaves. Using a microscopy approach they created themselves, the scientists can zoom in on the outer surface of human cells in a Petri dish. This setup has enabled them to watch, live and in sharp detail, the moment an influenza virus penetrates a living cell.

Under the direction of Yohei Yamauchi, Professor of Molecular Medicine at ETH Zurich, the group discovered something unexpected. The cells do not simply sit idle while the influenza virus approaches. Instead, they appear to make an effort to seize it. "The infection of our body cells is like a dance between virus and cell," says Yamauchi.

Viral Surfing on the Cell Surface

Although cells gain nothing from being infected, the interaction looks active because the virus exploits a routine cellular uptake system that the cells cannot do without. This system normally brings essential substances such as hormones, cholesterol or iron into the cell.

To begin infection, an influenza virus attaches to specific molecules on the cell surface. The process resembles surfing on the membrane. The virus moves along the surface, latching onto one molecule after another, until it arrives at a site rich in these receptors. A spot with many receptors side by side provides the most efficient entry route.

When the cell's receptors detect that the virus has attached, the membrane begins forming a small indentation at that spot. A structural protein named clathrin shapes and supports this deepening pocket. As the pocket expands, it wraps around the virus and forms a vesicle. The cell then pulls this vesicle inward, where the coat dissolves and releases the virus.




Why Earlier Microscopy Fell Short

Previous attempts to study this crucial moment in infection relied on methods like electron microscopy, which require destroying the cells to obtain an image. As a result, they captured only single moments in time. Fluorescence microscopy, another common tool, offers live imaging but at low spatial resolution.

ViViD-AFM Sheds Light on Viral Entry

The new method, which merges atomic force microscopy (AFM) with fluorescence microscopy, is called virus-view dual confocal and AFM (ViViD-AFM). This combined approach makes it possible to track the fine-scale movements involved as the virus enters the cell.

With this tool, the researchers demonstrated that cells assist the virus at several stages of entry. They summon important clathrin proteins to the site where the virus is attached. The membrane at that point also pushes upward, almost as if trying to seize the virus. These wave-like motions intensify if the virus tries to drift away from the surface.

Implications for Antiviral Research

Because ViViD-AFM allows scientists to observe infection while it is happening, it offers a valuable way to test antiviral drug candidates directly in cell cultures. The team notes that the technique may also be applied to studying other viruses or even vaccines, giving researchers a real-time view of how these particles interact with cells.
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Early Earth's sky may have created the first ingredients for life | ScienceDaily
Earth's ancient sky may have played a larger role in the beginnings of life than scientists once believed.


						
According to a study published Dec. 1 in the Proceedings of the National Academy of Sciences, researchers from CU Boulder and their collaborators report that billions of years ago, the young planet's atmosphere may have been generating sulfur-based molecules that are known today as important components for life.

This discovery challenges the long-standing idea that these sulfur molecules formed only after life had already taken hold on Earth.

"Our study could help us understand the evolution of life at its earliest stages," said first author Nate Reed, a postdoctoral fellow at NASA who conducted the research while working in the Department of Chemistry and the Cooperative Institute for Research in Environmental Sciences (CIRES) at CU Boulder.

Sulfur's Importance and Why the Findings Matter

Sulfur, much like carbon, is a vital element found in every form of life, from bacteria to humans. It appears in certain amino acids, which serve as the basic building blocks of proteins.

Although sulfur was present in the early atmosphere, most scientists believed that organic sulfur molecules, such as amino acids, arose only after living organisms were already present and producing them.




Earlier attempts to simulate early Earth conditions often failed to generate meaningful amounts of sulfur biomolecules before life existed. When these molecules did appear, they formed only under unusual or highly specific conditions that were unlikely to have been common across the planet.

Because of this background, the scientific community reacted strongly when the James Webb Space Telescope detected dimethyl sulfide, a sulfur compound produced by marine algae on present-day Earth, in the atmosphere of an exoplanet called K2-18b. Many considered it a possible sign of life.

New Experiments Reveal Atmospheric Chemistry at Work

However, previous work by Reed and senior author Ellie Browne, a chemistry professor and CIRES fellow, showed that dimethyl sulfide could form naturally in the lab using only light and simple atmospheric gases. This indicated that the molecule might appear even on worlds without life.

In their latest experiment, Browne, Reed, and their team tested what Earth's early sky might have been capable of producing. They illuminated a mixture of methane, carbon dioxide, hydrogen sulfide, and nitrogen to recreate atmospheric conditions from before life emerged.

Working with sulfur is challenging, Browne noted. The element sticks to laboratory equipment, and in the atmosphere, sulfur-based molecules are present at extremely low levels compared to CO2 and nitrogen. "You have to have equipment that can measure incredibly tiny quantities of the products," she said.




Using a very sensitive mass spectrometer to identify and measure chemical compounds, the researchers discovered that their early Earth simulation produced a wide range of sulfur biomolecules. These included the amino acids cysteine and taurine, along with coenzyme M, which plays a key role in metabolism.

A Sky Capable of Supporting a Growing Ecosystem

The team then estimated how much cysteine an entire ancient atmosphere might generate. Their calculations suggested that early Earth's sky could have produced enough cysteine to support about one octillion (one followed by 27 zeros) cells. By comparison, modern Earth contains roughly one nonillion (one followed by 30 zeros) cells.

"While it's not as many as what's present now, that was still a lot of cysteine in an environment without life. It might be enough for a budding global ecosystem, where life is just getting started," Reed said.

The researchers propose that these atmospheric biomolecules may have fallen to the surface through rainfall, potentially delivering the chemistry needed to help life begin.

"Life probably required some very specialized conditions to get started, like near volcanoes or hydrothermal vents with complex chemistry," Browne said. "We used to think life had to start completely from scratch, but our results suggest some of these more complex molecules were already widespread under non-specialized conditions, which might have made it a little easier for life to get going."
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Doomed ants send a final scent to save their colony | ScienceDaily
Ant societies behave like tightly integrated "superorganisms," where thousands of individuals work together in a way that resembles the coordinated activity of cells in a body. Researchers at the Institute of Science and Technology Austria (ISTA) have found that terminally ill ant brood release a distinctive odor, similar to the way infected body cells send out distress signals. This scent acts as an early alert that helps the colony quickly detect and eliminate infections before they spread. The findings were published in Nature Communications.


						
In many social animals, individuals often hide signs of illness to avoid being pushed aside by the group. Ant pupae take a very different route. When facing an infection they cannot survive, they produce a chemical alarm that warns their nestmates of the danger they represent.

Worker Ants Respond to the Warning Signal

As soon as worker ants detect this signal, they move rapidly. They open the infected pupa's cocoon, create small cuts in its outer surface, and apply formic acid, a natural antimicrobial compound produced by the workers themselves. This treatment kills the pathogens growing inside the pupa but also results in the pupa's death.

"What appears to be self-sacrifice at first glance is, in fact, also beneficial to the signaler: it safeguards its nestmates, with whom it shares many genes. By warning the colony of their deadly infection, terminally ill ants help the colony remain healthy and produce daughter colonies, which indirectly pass on the signaler's genes to the next generation," explains Erika Dawson, first author of the study and former postdoc in the Social Immunity' research group headed by Sylvia Cremer at ISTA.

The research, conducted with chemical ecologist Thomas Schmitt from the University of Wurzburg in Germany, documents this form of altruistic disease signaling in social insects for the first time. Without such a warning system, a dying ant could become highly infectious and threaten the entire colony. By signaling their condition early, the incurably ill make it possible for the colony to remove the threat before it escalates.

Why Ant Colonies Rely on Extreme Cooperation

At the scale of the colony, ants function as a "superorganism," where different members take on roles essential for group survival. Queens focus on reproduction, while workers manage everything from feeding to nest maintenance and health care. This mirrors the division of labor in the human body, where reproductive cells generate offspring and other cells perform daily biological tasks.




Both organisms and superorganisms depend on the close cooperation of reproductive and non-reproductive components. In ants, this cooperation is so extensive that it includes behaviors that benefit the colony even at the cost of the individual, such as sacrificing fatally infected brood.

Why an Early-Warning Signal Is Needed

A natural question is why ants have evolved such a sophisticated alarm system if sick individuals can simply remove themselves. Cremer explains, "Adult ants that approach death leave the nest to die outside the colony. Similarly, workers that have been exposed to fungal spores practice social distancing." However, this option is unavailable to brood, which cannot move independently. Like infected cells in the body, they require outside help.

Developing pupae and body cells face similar challenges and use similar strategies. Both release chemical cues that draw either immune cells or worker ants to them, allowing these helpers to remove potential infection sources. Immunologists refer to this cue as the "find-me and eat-me signal."

"The signal must be both sensitive and specific," Cremer adds. "It should help to identify all terminally-sick ant pupae but be precise enough to avoid triggering the unpacking of healthy pupae or those capable of overcoming the infection with their own immune system." This raises the question of how such precision is achieved.

How Infection Changes the Pupal Scent

Schmitt, whose work focuses on chemical communication in social insects, notes that workers can target a single sick pupa among many. "This means the scent cannot simply diffuse through the nest chamber but must be directly associated with the diseased pupa. Accordingly, the signal does not consist of volatile compounds but instead is made up of non-volatile compounds on the pupal body surface."




Two components of the ants' natural scent profile become stronger when a pupa is fatally infected. To test whether this odor shift alone triggers the disinfection response, researchers transferred the altered scent to healthy pupae and monitored the workers' behavior.

"We extracted the smell from the signaling pupae and applied it to healthy brood," Cremer says. The results showed that the scent alone was enough to make workers unpack the treated pupae, demonstrating that the altered odor of terminally infected brood functions in the same way as the "find-me and eat-me" signal seen in infected body cells.

Why Only Certain Pupae Send the Warning

According to Dawson, not all brood send this alarm signal. "Queen pupae, which have stronger immune defenses than worker pupae and can limit the infection on their own, were not observed to emit this warning signal to the colony," she explains. Worker pupae, however, lacked this ability and did signal for help.

By signaling only when an infection cannot be controlled, brood ensure that the colony responds only to genuine threats. This prevents unnecessary loss of individuals that are still capable of recovery. Cremer concludes, "This precise coordination between the individual and colony level is what makes this altruistic disease signaling so effective."

Information on Animal Studies

To better understand fundamental biological processes, such as those in behavioral biology, immunology or genetics, research involving animals is essential. No other methods, including in silico approaches, can fully replace these studies. All animals used in the experiments are collected, reared, and handled according to strict legal regulations.
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A tiny citrus pest is hiding a biological mystery never seen before | ScienceDaily
A multinational group of scientists has identified a previously unknown tubular structure within Profftella, a symbiotic bacterium linked to a major pest that affects citrus crops around the world. The finding was made possible through advanced microscopy techniques and could influence future approaches to pest management as well as research on how complex biological features evolve.


						
A collaborative team from Pusan National University, the National Institute for Physiological Sciences, Kobe University, and Toyohashi University of Technology reported the discovery of this unusual tube-like structure within Candidatus Profftella armatura, which lives inside the Asian citrus psyllid (Diaphorina citri). Their results appear in Npj Imaging.

Advanced Imaging Reveals Large Helical Tubes in Profftella

The Asian citrus psyllid is an important agricultural threat responsible for severe citrus crop losses worldwide, ultimately affecting both yield and market prices. The insect carries Profftella, a symbiotic bacterium that is passed from parent to offspring and plays a key role in the insect's survival. Profftella is also known for producing toxic compounds that help the psyllid defend itself from predators.

Using 3D electron microscopy, researchers observed that Profftella cells are extremely elongated, reaching lengths of more than 100 micrometers. Inside these stretched cells, the team identified multiple long tubular structures, each spanning tens of micrometers. The tubes measure about 230 nm in diameter and are made of 5 to 6 right-handed helical fibers that twist together. They consistently occupy a substantial part of each Profftella cell. Assistant Professor Chihong Song of Pusan National University, the study's first author, noted, "Typically, bacteria lack such complex organelles. Moreover, I was surprised to find that this tube is so stable and robust that it maintains its shape during high-vacuum electron microscopy observation without chemical fixation or embedding."

Tubules Packed With Ribosomes Suggest New Biological Functions

Follow-up studies using additional methods, including optical microscopy, revealed that the interior of these tubes contains many ribosomes, the structures responsible for protein production. Associate Professor Atsushi Nakabachi of Toyohashi University of Technology, a corresponding author of the work, explained, "Based on this, the tubes may be involved in protein synthesis. Given their sturdiness, they could also provide physical support to the elongated Profftella cells, and maybe even act like a scaffold for material transport -- kind of like the cytoskeleton in eukaryotic cells."

Implications for Bacterial Evolution and Citrus Pest Control

The researchers highlight that this tubular structure represents an exceptionally rare example of an organelle within bacteria. Its discovery challenges long-standing assumptions that bacteria are inherently simple and lack such internal complexity. The finding offers new clues into how cellular features may have evolved and could contribute to the development of targeted strategies to manage the Asian citrus psyllid, which is a serious concern for global agriculture.

This study received funding from the Japan Society for the Promotion of Science KAKENHI (grant numbers 21687020, 26292174, 20H02998 and 25K02023 to AN), the Collaborative Study by High Voltage Electron Microscopy Program (2015-502, 2016-502) of National Institute for Physiological Sciences to AN, and a National Research Foundation of Korea (NRF) grant RS-2024-00440289 to CS.
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Scientists discover why anacondas stayed giants for 12 million years | ScienceDaily
A research group led by the University of Cambridge examined giant anaconda fossils found in South America and determined that these snakes reached their full body size about 12.4 million years ago. According to their analysis, anacondas have remained exceptionally large ever since.


						
During the period from 12.4 to 5.3 million years ago, known as the 'Middle to Upper Miocene', many animals grew far larger than their modern counterparts. This increase in size was influenced by higher global temperatures, widespread wetlands and abundant sources of food.

While several of these Miocene giants -- including the 12-meter caiman (Purussaurus) and the 3.2-meter giant freshwater turtle (Stupendemys) -- eventually disappeared, anacondas (Eunectes) persisted as a large-bodied lineage rather than shrinking or dying out.

Measuring Fossils to Reveal Ancient Snake Size

Modern anacondas are among the heaviest and longest snakes in existence. They generally grow to four or five meters, and in rare cases can reach seven meters.

To compare ancient and modern sizes, the researchers examined 183 fossilized backbone segments belonging to at least 32 individual anacondas. These fossils were uncovered in Falcon State in Venezuela. When the team combined these measurements with fossil data from other South American sites, they concluded that ancient anacondas measured roughly four to five metres, a size comparable to today's snakes.

The findings were published on December 1 in the Journal of Vertebrate Paleontology.




Why Anacondas Survived as Giants

"Other species like giant crocodiles and giant turtles have gone extinct since the Miocene, probably due to cooling global temperatures and shrinking habitats, but the giant anacondas have survived -- they are super-resilient," said Andres Alfonso-Rojas, a PhD student and Gates Cambridge Scholar in the Department of Zoology at the University of Cambridge and the study's lead author.

He continued: "By measuring the fossils we found that anacondas evolved a large body size shortly after they appeared in tropical South America around 12.4 million years ago, and their size hasn't changed since," said Alfonso-Rojas.

To confirm his measurements, Alfonso-Rojas applied a second technique called 'ancestral state reconstruction'. This method uses a family tree of snakes to infer the body lengths of ancient anacondas and related modern species such as tree boas and rainbow boas. The analysis supported the conclusion that early anacondas averaged four to five meters when they first emerged during the Miocene.

Ancient Habitats and Modern Survivors

Anacondas currently live in wetlands, marshes and major rivers including the Amazon. During the Miocene, northern South America looked much like today's Amazon Basin, which allowed anacondas to occupy a far wider range. Although their distribution has since contracted, enough suitable habitat remains, along with prey such as capybaras and fish, to support their continued large size.




Scientists previously assumed that ancient anacondas would have been even larger than modern ones because snakes are highly sensitive to temperature and the Miocene climate was warmer. Alfonso-Rojas addressed this directly: "This is a surprising result because we expected to find the ancient anacondas were seven or eight meters long. But we don't have any evidence of a larger snake from the Miocene when global temperatures were warmer."

Improved Fossil Evidence Sheds Light on Evolutionary Timing

Before this project, researchers lacked enough fossil material to determine exactly when anacondas developed their enormous size. Since these snakes have more than 300 vertebrae, the size of individual fossilized vertebrae offers a dependable way to estimate full body length.

The fossils analyzed in this study were gathered over several field seasons by collaborators at the University of Zurich and the Museo Paleontologico de Urumaco in Venezuela.
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Monumental Roman basin hidden for 2,000 years unearthed near Rome | ScienceDaily
In the center of the ancient Roman city of Gabii, located about 11 miles east of modern Rome, a research team led by University of Missouri professor Marcello Mogetta has uncovered an extraordinary find: a huge stone-lined basin with portions cut directly into the natural bedrock.


						
Dating to around 250 B.C., and possibly earlier in some sections, the structure is believed to be one of the earliest known examples of large-scale Roman architecture outside of temples and defensive walls.

Mogetta, who chairs Mizzou's Department of Classics, Archaeology and Religion, explained that monumental construction served purposes beyond practical use. He noted that it also functioned as a strong form of political messaging.

"This discovery gives us a rare look at how the early Romans experimented with city planning," he said. "Its location -- at the center of the city near the main crossroads -- suggests it may have been a monumental pool that was part of the city's forum, or the heart of public life in Roman towns. Since archaeologists still don't fully know what the early Roman Forum truly looked like, Gabii provides an invaluable window into its development."

Connections to Earlier Excavations and Greek Influence

This new basin builds on the team's previous findings at Gabii. One earlier feature, known as the "Area F Building," is a terraced complex carved into the slope of the ancient volcanic crater around which the settlement formed.

Taken together, these discoveries indicate that early Roman builders drew significant inspiration from Greek architectural traditions. Greek cities featured paved civic spaces, dramatic terraces and grand gathering areas that communicated both cultural prestige and political power. Early Romans appear to have adapted many of these ideas for their own urban centers.




Why Gabii Matters for Understanding Early Rome

Gabii occupies a unique place in the study of Roman history. Mogetta explained that "while Rome's earliest layers were buried beneath centuries of later construction, Gabii -- a once-powerful neighbor and rival of Rome, first settled in the Early Iron Age -- was largely abandoned by 50 B.C. and later reoccupied on a much smaller scale." Because of this, he said, the ancient city's original layout and building foundations remain unusually intact, offering a clear view of early Roman urban life.

Italy's Ministry of Culture has designated the area as an archaeological park, now managed as part of the Musei e Parchi Archeologici di Praeneste e Gabii. This status has allowed teams of researchers, including the international Gabii Project, to systematically excavate and study the site. Mogetta became the director of this research group last year.

Next Steps in Excavation and Investigation

Supported by the General Directorate of Museums in Italy, the Gabii Project plans to continue excavating the basin and the surrounding stone-paved zone next summer. Researchers also intend to study a nearby "anomaly" detected through thermal imaging. Early indications suggest it could be a temple or another large civic structure.

"If it's a temple, it could help us explain some of the artifacts we've already found in the abandonment levels of the basin, such as intact vessels, lamps, perfume containers and cups inscribed with unusual markings," Mogetta said. "Some of these objects may have been deliberately placed there as religious offerings or discarded in connection with the ritual closing of the pool around 50 C.E. -- thus underscoring the crucial role played by water management in ancient cities."

The continuation of the Gabii Project aims to protect the site's heritage while allowing scholars and visitors to better understand its history.




Unanswered Questions About Early Roman Society

One major question researchers hope to address is whether civic areas were developed before religious buildings, or the other way around. The answer could shed light on whether political activities or spiritual practices held greater influence in shaping the earliest Roman monumental landscapes.

By gathering evidence from the basin and surrounding structures, Mogetta and his team aim to reconstruct the full story of Gabii, from its growth and height of power to its later decline. Their work also contributes to a broader understanding of early Roman architecture and how it helped shape the urban world that followed.
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A tiny ocean worm just revealed a big secret about how eyes evolve | ScienceDaily
A research team from the University of Vienna and the Alfred Wegener Institute in Bremerhaven has uncovered how the eyes of adult marine bristleworms continue to increase in size throughout their entire lifespan. The work shows that this constant growth is powered by a ring of neural stem cells that resembles similar structures found in vertebrate eyes. These stem cells are also responsive to light in the environment. The study, published in Nature Communications, provides new perspectives on eye evolution and highlights how light can influence the adult nervous system, even in species often viewed as biologically simple.


						
People typically associate complex eyes with mammals, birds, or perhaps octopuses. However, marine annelid worms such as the bristleworm Platynereis dumerilii possess eyes with a camera-like design similar to those in vertebrates and cephalopods, and some species can see with surprising detail. Scientists have long wondered how these invertebrate eyes continue growing during adulthood. A collaborative team from the University of Vienna, the Alfred Wegener Institute in Bremerhaven, and the University of Oldenburg set out to investigate this question and uncovered findings that challenge traditional assumptions.

Parallel Evolution and Hidden Growth Zones

Camera-type eyes in both vertebrates and invertebrates are classic examples of parallel evolution, arising independently as comparable solutions to similar biological needs. To understand how such eyes keep developing after maturity, the researchers examined the adult eyes of Platynereis, a well-established model organism for studying photoreceptors and brain evolution.

Using single-cell RNA sequencing, first author Nadja Milivojev of the Department of Neurosciences and Developmental Biology, University of Vienna, identified molecular signatures associated with stem cells and charted their location and behavior in the worm retina. Her work revealed a distinct region along the rim of the retina that is densely filled with dividing neural stem cells whenever the adult eye is expanding. "It was remarkable to find dividing cells at the edge of the worm's retina -- the same place where some groups of vertebrates maintain their retinal stem cells for life-long eye growth," Milivojev says.

This region, known as the "ciliary marginal zone," is believed to support continuous eye growth, a pattern now also observed in the bristleworm retina. Senior author Florian Raible, University of Vienna, notes that in vertebrates such as fishes and amphibians, this region produces new retinal neurons while the organism continues to grow. He explains, "Remarkably, Nadja's work showed that bristleworm eyes can also add new photoreceptor cells and expand their size -- a trait that has not been well studied outside the vertebrate lineage."

Light-Responsive Mechanisms in Eye Development

The team also found that light in the worms' surroundings plays a direct role in regulating eye growth. Genetic and molecular analyses revealed that a light-sensitive protein called c-opsin is responsible for this effect. This molecule is also found in vertebrate rod and cone cells. Earlier research suggested that worm eyes relied on a different class of opsins, so the presence of a vertebrate-type c-opsin came as an unexpected discovery. Milivojev and colleagues determined that this molecule appears in early precursors of the worm's photoreceptor cells, indicating that it acts as a molecular switch connecting light exposure to stem cell activity. These results show that visual systems not only detect light but can also adjust their development in response to it.




Evolutionary Connections and New Questions

The findings address a long-standing gap in understanding how both vertebrate and invertebrate eyes continue growing and sustaining themselves. Showing that Platynereis eyes depend on a ring of neural stem cells brings researchers closer to uncovering universal principles that guide the evolution of sensory organs. The results also raise several new questions. Could other stem cell populations in the body react to environmental light? And how might artificial lighting interfere with these natural biological processes? The researchers hope that future studies exploring the worm's stem cell systems will help answer these questions, offering new insight into how the nervous system adapts and repairs itself. Senior author Kristin Tessmar-Raible (University of Vienna, Alfred Wegener Institute, University of Oldenburg) emphasizes that "basic research to uncover the unexpected is essential to understand the biological complexity of life and the possible consequences of anthropgenic impacts."

Summary
    	Researchers from the University of Vienna and the Alfred-Wegener Institute studied adult marine bristleworms, a valuable model for uncovering how eyes and brains develop and how light influences biology beyond vision.
    	The team found that the eyes of Platynereis dumerilii keep growing throughout the worm's entire life. This ongoing growth is powered by a ring of neural stem cells similar to the growth zone seen in certain vertebrates that continue expanding their eyes as adults.
    	Their work helps resolve a long-standing question about how camera-type eyes in both invertebrates and vertebrates grow and maintain themselves. The findings suggest that even across very different evolutionary paths, many animals rely on shared cellular strategies for growth and flexibility.
    	By showing that Platynereis eyes depend on this stem cell ring, the study brings scientists closer to identifying universal rules that shape the evolution of sensory organs.
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A hidden Antarctic shift unleashed the carbon that warmed the world | ScienceDaily
Around 12,000 years ago, the last Ice Age drew to a close. Global temperatures rose, the early Holocene began, and human communities gradually shifted toward more permanent settlements. A new study published in Nature Geoscience highlights how the Southern Ocean around Antarctica helped drive this major climate transition.


						
The research team, led by Dr. Huang Huang of the Laoshan Laboratory in Qingdao and including geochemist Dr. Marcus Gutjahr from GEOMAR, set out to reconstruct how far Antarctic Bottom Water (AABW) extended through the Southern Ocean over the past 32,000 years.

"We wanted to understand how the influence of Antarctic Bottom Water, the coldest and densest water mass in the global ocean, changed during the last deglaciation, and what role it played in the global carbon cycle," says Huang, who completed his PhD at GEOMAR in 2019 and now works as a scientist in Qingdao, China.

Sediment cores and chemical fingerprints in the deep sea

To tackle this question, the scientists examined nine sediment cores collected from the Atlantic and Indian sectors of the Southern Ocean. The cores came from water depths between about 2,200 and 5,000 meters and from locations spread widely across the region. By analyzing the isotopic composition of the trace metal neodymium preserved in the sediments, which reflects the chemistry of the surrounding seawater, they could reconstruct how Antarctic Bottom Water changed through time on the scale of tens of thousands of years.

"Dissolved neodymium and its isotopic fingerprint in seawater are excellent indicators of the origin of deep-water masses," explains Dr. Marcus Gutjahr. "In earlier studies, we noticed that the neodymium signature in the deep South Atlantic only reached its modern composition around 12,000 years ago. However, sediments from the last Ice Age showed values that are not found anywhere in the Southern Ocean today. Initially, we thought the method was flawed or that there was something wrong with the sediment core. But the real question was: What could generate such a signal? Such an exotic isotopic signature can only develop when deep water remains almost motionless for extended periods. In such circumstances, benthic fluxes -- chemical inputs from the seafloor -- dominate the isotopic imprint in marine sediments."

Stagnant deep waters, carbon storage and the last Ice Age

During the last Ice Age, the cold and very dense deep water that currently forms around Antarctica did not spread as widely as it does today. Instead, much of the deep Southern Ocean was filled with carbon-rich waters that originated in the Pacific, a glacial precursor to today's Circumpolar Deep Water (CDW). In the study, CDW is described as carbon-rich because it circulates in the deep ocean for long periods with limited contact with the surface. This isolation allowed large amounts of dissolved carbon to remain locked in the deep ocean, helping to keep atmospheric CO2 levels relatively low.




As Earth warmed and ice sheets retreated between roughly 18,000 and 10,000 years ago, the volume of Antarctic Bottom Water increased in two clear phases. These expansion phases occurred at the same time as known warming events in Antarctica. With more vertical mixing in the Southern Ocean, deep waters that had stored carbon for long periods were brought closer to the surface, allowing that carbon to escape into the atmosphere.

"The expansion of the AABW is linked to several processes," explains Gutjahr. "Warming around Antarctica reduced sea-ice cover, resulting in more meltwater entering the Southern Ocean. The Antarctic Bottom Water formed during this transitional climate period had a lower density due to reduced salinity. This late-glacial AABW was able to spread further through the Southern Ocean, destabilizing the existing water-mass structure and enhancing exchanges between deep and surface waters."

Previously, many scientists assumed that changes in the North Atlantic, particularly the formation of North Atlantic Deep Water (NADW), were the main drivers of shifts in deep-water circulation in the South Atlantic. The new results suggest that this northern influence was more restricted than earlier thought. Instead, the replacement of a glacial, carbon-rich deep-water mass by newly formed Antarctic Bottom Water appears to have been crucial for the rise in atmospheric CO2 toward the end of the last Ice Age.

Southern Ocean heat, Antarctic ice loss and today's climate

"Comparisons with the past are always imperfect," says Gutjahr, "but ultimately it comes down to how much energy is in the system. If we understand how the ocean responded to warming in the past, we can better grasp what is happening today as Antarctic ice shelves continue to melt."

Because of its vast size and unique circulation, the Southern Ocean plays a major role in controlling the global climate. Over the past 50 years, waters deeper than about 1,000 meters around Antarctica have warmed significantly faster than much of the rest of the world's oceans. To work out how this rapid deep-ocean warming affects the ability of the ocean to absorb and release carbon dioxide, scientists must track physical and biogeochemical changes over long timescales and incorporate them into climate models.

"I want to properly understand the modern ocean in order to interpret signals from the past," Gutjahr says. "If we can trace how Antarctic Bottom Water has changed over the last few thousand years, we can assess more accurately how rapidly the Antarctic Ice Sheet may continue to lose mass in the future."

Paleoclimate data obtained from sediment cores are indispensable for this, offering insights into past climates that were warmer than today and helping to improve projections of future climate change.
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Satellites spot rapid "Doomsday Glacier" collapse | ScienceDaily
Thwaites Glacier in West Antarctica -- widely known as the "Doomsday Glacier" -- is changing more quickly than almost any other ice-ocean system on the planet. Its future behavior remains one of the biggest unknowns in forecasts of global sea-level rise. One part of this system, the Thwaites Eastern Ice Shelf (TEIS), floats on the ocean and is partly held in place by a pinning point at its northern edge. Over the past twenty years, this shelf has developed increasing fractures around a major shear zone located upstream of that pinning point.


						
A new study published in the Journal of Geophysical Research: Earth Surface (AGU, 2025) offers the most detailed account yet of how this slow breakdown has unfolded. The research was produced at the Centre for Earth Observation Sciences and led by Debangshu Banerjee, a recent graduate student from the Centre for Earth Observation Science (CEOS), along with Dr. Karen Alley (Assistant Professor, CEOS) and Dr. David Lilien (Assistant Professor, Indiana University Bloomington and former Research Associate at CEOS). Their work contributes to the TARSAN (Thwaites-Amundsen Regional Survey and Network) project, one of the programs within the International Thwaites Glacier Collaboration (ITGC) -- a major U.S.-U.K. effort to understand the forces driving change in Thwaites Glacier. Several well-known glaciologists, including Dr. Ted Scambos, Dr. Martin Truffer, Dr. Adrian Luckman, and Dr. Erin Pettitt, also contributed to this research.

Fracture Growth, Ice Dynamics, and a Strengthening Feedback Loop

Using twenty years (2002-2022) of satellite observations, ice-flow speed measurements, and in-situ GPS data, the team documented how fractures within the TEIS shear zone formed and evolved. Their analysis shows that the gradual growth of these fractures weakened the shelf's connection to the pinning point. As this attachment deteriorated, the ice upstream began to flow more quickly, reducing the shelf's mechanical stability.

The researchers identified four clear stages in this weakening and highlighted two major findings. The first is that the fractures expanded in two distinct phases: long fractures aligned with the direction of ice flow appeared first, followed later by shorter fractures that cut across the flow. The second is evidence of a positive feedback cycle in which these fractures increased ice acceleration, which in turn caused further damage. This accelerating loop played a significant role in the shelf's recent decline.

A Shift From Stabilizing Force to Source of Weakness

The study notes that the pinning point, once a key factor holding the TEIS in place, has slowly shifted into a feature that now contributes to its instability. This four-stage pattern of structural decline may be a signal for other Antarctic ice shelves that appear to be entering similar phases of weakness. If these floating shelves continue to deteriorate, the Antarctic Ice Sheet could contribute even more to future sea-level rise.
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New research reveals the hidden organism behind Lake Erie's toxic blooms | ScienceDaily
During the warm months, Lake Erie becomes an ideal setting for cyanobacteria, also known as blue-green algae, to grow rapidly. Under these conditions, the algae can form large blooms that release toxins at levels capable of harming both wildlife and people.


						
Researchers at the University of Michigan have now pinpointed the organism responsible for producing these toxins. Their work identifies a particular type of cyanobacteria, known as Dolichospermum, as the source.

Harmful algal blooms, or HABs, can consist of many cyanobacterial species, each capable of generating different toxins. Determining which species produces which toxin is important for monitoring, predicting, and managing bloom events.

Tracing the Source of Microcystin and Saxitoxin

A major bloom in 2014 generated the toxin microcystin and posed a serious threat to Toledo's drinking water supply. Earlier, in 2007, scientists detected signs of an extremely strong toxin called saxitoxin in Lake Erie, although its biological source remained unknown. Saxitoxins belong to a group of closely related neurotoxins that are considered among the most powerful naturally occurring toxins.

"The main advantage of knowing which organism produces the toxin is that it helps us understand the conditions that cause toxin production -- that is, what conditions make those organisms successful," said Gregory Dick, professor of earth and environmental sciences and of environment and sustainability. "Such information can help guide policy and management, though we're still a long way from that in this case."

Using DNA Sequencing to Identify the Toxin Producer

To determine which organism was responsible for saxitoxin, the U-M team collected samples directly from HABs as they appeared in the lake. Lead author Paul Den Uyl applied "shotgun" sequencing, a technique that reads all DNA present in a water sample. With these sequences, he reconstructed a complete genome and then searched that genome for the genes involved in making saxitoxin.




Their analysis revealed several strains of Dolichospermum living in Lake Erie. However, only certain strains carried the ability to produce saxitoxin. While the reason for this difference is not yet clear, the researchers began examining the environmental conditions that may influence toxin production.

Environmental Clues in Temperature and Nutrient Levels

The team collected samples from multiple sites across Lake Erie throughout the year and measured how much of the saxitoxin-related gene appeared in each sample. They often detected higher levels of this gene in warmer water.

"That is interesting because we do know that the lakes are changing with climate change," said Den Uyl, a scientist at U-M's Cooperative Institute for Great Lakes Research, or CIGLR. "With the warming of the lakes, one of the big questions is, how is that going to change the biological communities, including harmful cyanobacterial blooms?"

They also observed that the gene linked to saxitoxin was less common in areas with elevated ammonium levels. The team suspects this pattern may relate to a distinctive characteristic of Dolichospermum: the presence of a gene that suggests it can use nitrogen in the form of dinitrogen, an abundant atmospheric gas. According to Dick, only a limited number of organisms can use nitrogen in this form, giving Dolichospermum a competitive advantage under certain conditions.

"One of the neat things about having the whole genome is you can see everything the organism can do, at least theoretically," said Dick, who is also director of CIGLR. "You have the whole blueprint for what the organism can do, and we do see the capability of obtaining fixed nitrogen from the water. It's just that getting it in the form of dinitrogen gas is kind of a superpower. Not a lot of organisms can do that, and it makes them more competitive under those conditions."

Monitoring Long-Term Risks in a Changing Lake




According to the researchers, they have monitored saxitoxin in the lake for nine years, but this span is too short to determine whether toxin levels will rise as the climate continues to warm.

"But now that we know who's producing it, I think we can keep a better watch on these organisms and we can also directly assess the gene abundance over time," Dick said. "We plan to continue monitoring the abundance of this organism, but it's too early to tell if it's becoming more abundant. It's just a correlation, but that correlation with temperature is concerning."

Their study appears in the journal Environmental Science & Technology.
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Ancient long snouted croc from Egypt rewrites evolution | ScienceDaily
In the remote Western Desert of Egypt, where striking layers of red sandstone and green shale rise above the dry plains surrounding Kharga Oasis, researchers have uncovered a fossil that significantly shifts current views on how crocodiles evolved.


						
The study, reported in The Zoological Journal of the Linnean Society, was conducted by a team of Egyptian paleontologists. They identified a new species named Wadisuchus kassabi, which lived roughly 80 million years ago. It is now considered the earliest known representative of Dyrosauridae -- a lineage of ancient crocodiles that differed substantially from the crocodiles seen today.

Revealing the Early Marine Lifestyle of Dyrosaurids

Dyrosaurids did not resemble the river-dwelling species familiar to us. Instead, they thrived in coastal and oceanic settings. Their long, narrow snouts and rows of thin, pointed teeth allowed them to catch agile prey such as fish and turtles. Their ability to survive and spread in the aftermath of the dinosaur extinction makes them a key group for understanding how reptiles adapted during a period of dramatic environmental change.

The name Wadisuchus kassabi reflects both the region and its cultural heritage. Wadi ("wady," Arabic for "valley") refers to the New Valley, where the fossils were recovered, while Suchus connects the species to Sobek, the ancient crocodile deity. The species name also commemorates Professor Ahmed Kassab (Assiut University), whose contributions to Egyptian paleontology continue to guide and inspire future scientists.

A Detailed Look Inside the Fossils

Professor Hesham Sallam, Egyptian Vertebrate Paleontologist at Mansoura University and senior author of the research, explained: "The fossils of Wadisuchus kassabi were excavated near Kharga and Baris oases in Egypt's Western Desert. They include two partial skulls and two snout tips representing four individuals at different stages of growth, providing rare insight into how dyrosaurids developed." Sallam continued: "High-resolution CT scans and 3D surface models enabled us to reveal unprecedented anatomical details."

Distinctive Features Offer Clues to Dyrosaurid Origins




Sara Saber, Assistant Lecturer at Assiut University, member of the Sallam Lab team at MUVP, and lead author of the study, said: "Wadisuchus kassabi, was a 3.5-4-meter-long crocodile-like reptile with a very long snout and tall, sharp teeth. It differed from other dyrosaurids, in having four teeth at the front of the snout instead of the primitive five, nostrils positioned on top of the snout for surface breathing, and a deep notch at the tip of the snout where the jaws met. These features show a gradual adaptation in the dyrosaurid bite, marking an important step in their evolutionary history."

Saber added: "Beyond the distinctive features of Wadisuchus, it plays a crucial role in understanding the origin of the dyrosaurid group. The new species pushes back evidence for an African origin of Dyrosauridae and suggests that their diversification began earlier than previously thought -- possibly during the Early Coniacian-Santonian (about 87-83 million years ago), rather than the traditionally assumed Maastrichtian (about 72-66 million years ago)."

Egypt as the Birthplace of a Global Crocodile Lineage

Belal Salem, PhD student at Ohio University, member of the Sallam Lab, Curator of Fossil Reptiles and Birds at MUVP, and faculty member at Benha University, states: "this discovery indicates that Africa was the cradle of dyrosaurid evolution, from which later lineages spread across the globe and our phylogenetic analyses consistently place Wadisuchus an ancestor of the dyrosaurid group."

Salem added that the find carries a broader message: "The significance of Wadisuchus lies not only in what it reveals about the evolutionary history of this remarkable group of crocodiles -- though that is a major achievement -- but also in what it reminds us of: Egypt's Western Desert still holds treasures that preserve the secrets of our planet's deep past. Our mission is not only to uncover these fossils but also to protect the fossil-rich sites from urban expansion and agricultural encroachment. They are a legacy for generations of Egyptians to come."
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A lost Amazon world just reappeared in Bolivia | ScienceDaily
In September 2021, a team of specialists traveled to one of the least-documented areas of the Bolivian Amazon: the Great Tectonic Lakes of Exaltacion in the department of Beni. The expedition, organized by the Grupo de Trabajo para los Llanos de Moxos (GTLM), brought together experts from the Wildlife Conservation Society, the National Museum of Natural History, the Institute of Ecology, the Biodiversity and Environment Research Center, the Aquatic Resources Research Center, and the Department of Anthropology of the Americas at the University of Bonn.


						
In the southwestern Amazon, the tectonic Lakes Rogaguado and Ginebra reveal a landscape shaped by generations of human innovation. Beneath the open grasslands and shallow waters lie the remains of extensive earthworks, raised agricultural fields, and interconnected canals that reflect a long history of people adapting to a dynamic environment.

These lakes sit within the Municipal Protected Area of Grandes Lagos Tectonicos de Exaltacion and form part of the Rio Yata Ramsar wetland complex, which is recognized by UNESCO for both its ecological and cultural value. Set in the Llanos de Moxos, a vast network of savannas, gallery forests, and floodplains that make up the largest wetland system in the Amazon basin, this area has inspired curiosity for centuries. Ethnohistorical accounts even linked it to the legendary 'Land of Paititi.' Only recently has its deep human past begun to come into clearer view.

Mapping a Long History of Settlement

Using a combination of surveys, excavations, and LiDAR imaging, the research team documented several archaeological sites: Paquio, Coquinal, Isla del Tesoro, and Jasschaja. Each site represents a different stage in the long sequence of habitation across this region.

Radiocarbon dates reveal repeated occupations from roughly 600 to 1400 CE. Findings at Paquio show an early settlement beginning around 600 CE, followed by a more intensive occupation between 1000 and 1200 CE. This later phase included shell middens, dense ceramic refuse, and a sophisticated system of canals and raised fields connected to maize-based farming. Jasschaja, which dates from 1300 to 1400 CE, reflects broader landscape alterations and greater botanical diversity, suggesting intensified forest and crop management during its occupation.

Innovations in Water Management and Agriculture

The terrain of the Llanos de Moxos is filled with geometric forms that reveal themselves on closer inspection. Circular and rectangular ditches, drainage channels, raised planting platforms, and clusters of mounds create a complex network designed for water control and cultivation. These structures were built to regulate seasonal flooding, guide water flow, and create stable areas for living and farming within a wetland that changes dramatically throughout the year.




Their many shapes, ranging from geometric enclosures to long elevated fields, indicate that there was no single standardized design. Instead, they represent centuries of experimentation as communities responded to shifting ecological and social conditions. Together, these features highlight the cultural diversity and long-term resilience of the people who developed them.

Excavations at Paquio and Jasschaja also revealed details about a varied pre-Hispanic diet that relied on wetland resources. Fish such as wolf fish, peacock bass, and South American lungfish were especially common, accompanied by reptiles including caimans and turtles, and mammals such as capybaras, pacas, and armadillos. Plant remains show the use of maize, legumes, and multiple palm species -- moriche palm, corozo palm, cumare palm, totai palm, palmita, and peach palm. Together, these remains point to a balanced subsistence strategy that combined fishing, hunting, gathering, and farming.

Biocultural Knowledge and Indigenous Leadership

The Cayubaba and Movima communities continue to live in these landscapes, where rich biodiversity is deeply connected to cultural heritage. Their long-standing presence and environmental knowledge help maintain a unique form of biocultural heritage in which ecological and cultural diversity have developed side by side over many generations.

During the post-Covid-19 field seasons, collaboration with local communities was rooted in open communication and mutual respect. Representatives of the Cayubaba Indigenous Council, which includes 21 Cayubaba and Movima communities, assisted researchers in identifying areas for study, providing access to culturally important places, and specifying sites that should not be disturbed. While interactions were limited for health reasons, this partnership ensured that the research reflected community priorities and contributed to a fuller understanding of the living heritage of the region.

Through the GTLM, Indigenous leaders and scientists are working together to link archaeological and ecological research with conservation initiatives. These efforts emphasize that the Llanos de Moxos is not only a center of biodiversity but also a landscape shaped through long human histories, and they support continued management of the Yata River Ramsar site and the protected areas connected to it.




Lessons From the Past for a Changing Amazon

As deforestation, expanding agriculture, and climate change put increasing pressure on the Amazon, the landscapes around Lakes Rogaguado and Ginebra highlight the importance of sustainable land-use traditions. Archaeological evidence shows that past communities developed flexible ways of living that combined farming, fishing, and forest management. Rather than seeking to control or overexploit the environment, they adapted to its seasonal cycles and used periodic flooding as an opportunity.

Although raised-field agriculture eventually ended -- likely because of population decline and social upheaval after European colonization -- this does not diminish the effectiveness of these systems. For centuries, communities maintained productive landscapes by working with the region's natural rhythms. Their practices challenge modern assumptions about what counts as "development" and remind us that resilience often emerges from diversity: of species, of knowledge, and of cultural traditions.

Protecting this biocultural heritage is now a global responsibility. The wetlands of the Llanos de Moxos continue to store carbon, moderate water systems, and support a wide range of species. Conservation efforts must also respect the people who have cared for these landscapes for generations. In this way, archaeology becomes more than a study of the past; it becomes a means of reconnecting ancient knowledge with today's urgent debates about sustainability and environmental justice.

The Llanos de Moxos demonstrate that the Amazon has always been a place where people and nature have shaped one another. Its monumental earthworks, forest islands, and living cultural traditions suggest that part of our shared future may depend on listening more closely to these landscapes that remember.
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Wild chimps consume more alcohol than anyone expected | ScienceDaily
The first-ever measurements of the ethanol content of fruits available to chimpanzees in their native African habitat show that the animals could easily consume the equivalent of more than two standard alcoholic drinks each day, according to researchers at the University of California, Berkeley.


						
It is still unknown whether chimpanzees deliberately choose fruits with higher ethanol levels, which tend to be riper and richer in sugar that can ferment. However, many of the fruit species they regularly eat contain measurable ethanol, indicating that alcohol is a routine part of their menu and was probably present in the diets of our human ancestors as well.

"Across all sites, male and female chimpanzees are consuming about 14 grams of pure ethanol per day in their diet, which is the equivalent to one standard American drink," said UC Berkeley graduate student Aleksey Maro of the Department of Integrative Biology. "When you adjust for body mass, because chimps weigh about 40 kilos versus a typical human at 70 kilos, it goes up to nearly two drinks."

A "standard drink" in the U.S. contains 14 grams of ethanol, irrespective of the consumer's body size, although in much of Europe the standard is 10 grams.

Measuring ethanol in wild fruits

Maro analyzed 21 different fruit species eaten by chimps at two long-term research sites, Ngogo in Uganda and Tai in Ivory Coast. On average, these fruits contained 0.26% alcohol by weight. Primatologists working at these locations estimate that chimps typically eat about 10 pounds (4.5 kilograms) of fruit per day and that fruit accounts for roughly three quarters of their total food intake. Researchers have also estimated how much each fruit species contributes to the overall diet at each site, which allowed the Berkeley team to calculate an average daily intake of ethanol from food.

"The chimps are eating 5 to 10% of their body weight a day in ripe fruit, so even low concentrations yield a high daily total -- a substantial dosage of alcohol," said Robert Dudley, UC Berkeley professor of integrative biology. "If the chimps are randomly sampling ripe fruit as did Aleksey, then that's going to be their average consumption rate, independent of any preference for ethanol. But if they are preferring riper and/or more sugar-rich fruits, then this is a conservative lower limit for the likely rate of ethanol ingestion."

Low-level alcohol exposure and evolutionary clues




According to Maro, chimps feed on fruit throughout the day and do not appear visibly drunk. To actually feel intoxicated, a chimp would need to eat so much fruit that its stomach would become painfully distended. Even so, this steady, low-level intake of ethanol implies that the last common ancestor of humans and chimpanzees, our closest living relatives among the apes, probably encountered alcohol every day from fermenting fruit. That nutrient is largely absent from the diets of captive chimps and from many modern human diets.

"Chimpanzees consume a similar amount of alcohol to what we might if we ate fermented food daily," Maro said. "Human attraction to alcohol probably arose from this dietary heritage of our common ancestor with chimpanzees."

Maro is first author and Dudley is senior author of a peer-reviewed paper describing these findings that is published in the journal Science Advances.

The 'drunken monkey' hypothesis

More than two decades ago, Dudley proposed that humans' interest in alcohol has deep roots in primate evolution and stems from ancient foraging habits. He later expanded this idea in his 2014 book The Drunken Monkey: Why We Drink and Abuse Alcohol. His "drunken monkey" hypothesis initially met resistance from many scientists, especially primatologists, who argued that primates in the wild do not commonly eat fermented fruits or nectar. These foods contain alcohol produced when yeast digests sugars, in much the same way that yeast turns grape juice into wine.

Over time, however, observational and experimental evidence has increasingly supported Dudley's view. More field researchers now report that monkeys and apes do in fact eat fermented fruit, including a recent observation of chimpanzees in Guinea-Bissau. Other studies, conducted with animals in captivity, have shown that some primates actively favor alcohol. In 2016, for example, Dartmouth University researchers found that captive aye-ayes and slow lorises given nectar with different alcohol levels tended to finish the most alcoholic nectar first and then repeatedly return to those empty containers. In 2022, Dudley worked with collaborators in Panama to show that wild spider monkeys consume fermented fruit containing alcohol and later excrete alcohol metabolites in their urine.




Alcohol in the diets of many animals

Mammals are not the only creatures that take in alcohol as part of normal feeding. In a study published earlier this year, Dudley and colleagues at Berkeley analyzed feathers from 17 bird species and found alcohol metabolites in 10 of them. This indicates that their diet -- nectar, grain, insects and even other vertebrates -- contained significant amounts of ethanol.

"The consumption of ethanol is not limited to primates," Dudley said. "It's more characteristic of all fruit-eating animals and, in some cases, nectar-feeding animals."

He noted that one idea about why animals might seek out ethanol is that its smell helps them locate foods that are richer in sugar and thus provide more energy. Alcohol may also make eating feel more rewarding, in a way that resembles sipping wine with a meal. Another possibility is that sharing fruit containing alcohol contributes to social bonding within primate groups or among other species.

"It just points to the need for additional federal funding for research into alcohol attraction and abuse by modern humans. It likely has a deep evolutionary background," Dudley said.

Fieldwork in African forests

Beginning in 2019, Maro conducted two field seasons at Ngogo in Uganda's Kibale National Park and one season at Tai National Park in Cote d'Ivoire. Ngogo is home to the largest known chimpanzee community in Africa. There, chimps climb into the trees to harvest fruits and often prefer several types of figs. Maro and his colleagues collected intact, freshly fallen fruits lying beneath trees where chimps had recently been feeding. At Tai, where chimps more often eat fruit that has fallen, the team similarly gathered undamaged and unbitten fruits from the ground below fruiting trees.

Each fruit sample was sealed in an airtight container, and the team recorded details including species, size, color and softness. Back at base camp, the fruits were frozen to halt further ripening. To determine alcohol content, Maro applied three different techniques across his field trips: a semiconductor-based sensor similar to a breathalyzer, a portable gas chromatograph and a chemical assay. All three methods produced consistent alcohol readings. Before heading to the field, Maro validated each technique in Dudley's Berkeley laboratory using a standardized protocol that could easily be reproduced under field conditions, where he often processed about 20 samples in a 12 hour day.

Two of the methods involved thawing the fruit, removing the peel and seeds, blending the pulp and then letting it sit in a sealed container for a couple of hours so that alcohol could move into the air above the pulp. This air, or "headspace," was then sampled and analyzed for ethanol content. The third method extracted liquid from the pulp and used color changing chemicals that react to ethanol.

Alcohol rich fruits and what chimps choose to eat

When the alcohol content of the fruits was averaged and weighted according to how often chimps eat each species, the numbers came out to 0.32% by weight at Ngogo and 0.31% at Tai. The fruits that chimps consume most frequently at each site, a fig called Ficus musuco at Ngogo and the plum like fruit of the evergreen Parinari excelsa at Tai, were also the most alcohol rich. Maro noted that groups of male chimpanzees often gather high in the canopy of F. musuco trees to eat fruit before heading out on patrols along the borders of their territory. The fruits of P. excelsa are also a favorite of elephants, which are known to be drawn to alcohol.

"I think the strength of Aleksey's approach is that it used multiple methods," Dudley said. "One of the reasons this has been a tempting target but no one's gone after it is because it's so hard to do in a field site where there are wild primates eating known fruits. This dataset has not existed before, and it has been a contentious issue."

Next steps in tracking chimpanzee alcohol exposure

The new research establishes a baseline for future projects in chimpanzee reserves that aim to determine how often chimps select fermented, alcohol containing fruits over less fermented options. During the following summer, Maro returned to Ngogo to collect urine from chimps while they slept in trees, a difficult task that required an umbrella, so that he could test for alcohol metabolites using kits similar to those used in some U.S. workplaces. Along with team member Laura Clifton Byrne, an undergraduate at San Francisco State University, he also shadowed foraging chimpanzees, retrieving freshly dislodged fruits from beneath the canopy and measuring their alcohol content.

Co-authors of the paper are Aaron Sandel of the University of Texas, Austin; Bi Z. A. Blaiore and Roman Wittig of the Tai Chimpanzee Project; and John Mitani of the University of Michigan, Ann Arbor, one of the founders of the Ngogo Chimpanzee Project. The work was funded by UC Berkeley.
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New 3D scan reveals a hidden network of moai carvers on Easter Island | ScienceDaily

Rapa Nui is widely recognized for its hundreds of stone statues (moai), crafted by Polynesian settlers beginning in the 13th century. Archaeological work has repeatedly shown that the island was home to many small family groups rather than a unified political system. This background has prompted researchers to explore whether the carving of moai followed the same decentralized structure.

High-Resolution 3D Modeling Reveals 30 Quarry Work Zones

For this study, scientists gathered more than 11,000 photographs of Rano Raraku, the primary moai quarry. These images were merged into a detailed 3D reconstruction that captured hundreds of moai preserved in different stages of production. After analyzing the model, the team identified 30 distinct quarrying areas, each showing unique carving approaches. Additional clues indicate that completed or partially shaped moai were moved away from the quarry along several different paths. Taken together, these patterns suggest that statue creation reflected the island's broader social organization, with carving efforts carried out independently rather than through centralized oversight.

New Evidence Challenges Long-Held Assumptions

The findings call into question the idea that projects of this scale require strict hierarchy or a single coordinating authority. Similarities between moai appear to come from the sharing of cultural knowledge instead of coordinated, joint labor. The new quarry model also provides a valuable dataset that can support future investigations and guide cultural management at this UNESCO World Heritage site. The same methods used here can also be applied to study other archaeological locations.

The authors explain: "Much of the so-called "mystery" of Rapa Nui (Easter Island) comes from the lack of openly available, detailed evidence that would allow researchers to evaluate hypotheses and construct explanations. Here, we present the first high-resolution 3D model of the moai quarry at Rano Raraku, the central quarry for nearly 1,000 statues, offering new insights into the organizational and manufacturing processes of these giant megalithic figures."

Fieldwork for this research was supported by a National Science Foundation grant (Award #2218602). The funders had no involvement in study design, data collection and analysis, decisions related to publication, or manuscript preparation.
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Scientists discover hidden wolf DNA in most dogs | ScienceDaily
New findings from scientists at the American Museum of Natural History and the Smithsonian's National Museum of Natural History show that most dogs alive today retain small but measurable amounts of wolf ancestry that developed after domestication. These lingering wolf genes appear to have influenced characteristics such as body size, scent abilities, and aspects of behavior. The research, published on November 24 in Proceedings of the National Academy of Sciences, indicates that this subtle gene flow may help dogs succeed in many different human environments. The team reports that post-domestication wolf ancestry occurs across a broad range of breeds, from the large Shiloh shepherd to the tiny chihuahua.


						
"Modern dogs, especially pet dogs, can seem so removed from wolves, which are often demonized," said the study's lead author Audrey Lin, a Gerstner Postdoctoral Scholar in Bioinformatics and Computational Biology at the American Museum of Natural History. "But there are some characteristics that may have come from wolves that we greatly value in dogs today and that we choose to keep in their lineage. This is a study about dogs, but in a lot of ways, it's telling us about wolves."

Ancient Origins and Limited Hybridization

Dogs trace their origins to an extinct population of gray wolves that evolved alongside humans during the late Pleistocene about 20,000 years ago. Although wolves and dogs still share territory and are capable of producing fertile offspring, actual hybridization between them is unusual. Except for a few deliberate crosses, researchers have found little evidence of genetic mixing after domestication established separate lineages.

"Prior to this study, the leading science seemed to suggest that in order for a dog to be a dog, there can't be very much wolf DNA present, if any," Lin said. "But we found if you look very closely in modern dog genomes, wolf is there. This suggests that dog genomes can "tolerate" wolf DNA up to an unknown level and still remain the dogs we know and love."

Large Genomic Survey Highlights Deep Ancestry Links

The research team examined more than 2,700 published genomes from the National Center for Biotechnology Information and the European Nucleotide Archive, including wolves, breed dogs, village dogs, and other canids from the late Pleistocene to the present. Their analysis revealed that almost two-thirds of breed dogs retain wolf ancestry within their nuclear genome from hybridization events that occurred around 1,000 generations ago. Every village dog genome studied also showed detectable wolf ancestry. Village dogs are free-roaming animals that live in or near human communities.




Czechoslovakian and Saarloos wolfdogs, intentionally bred through wolf-dog hybridization, had the highest wolf ancestry levels at 23-40 percent. Among typical dog breeds, the great Anglo-French tricolor hound had the strongest signal at 4.7 to 5.7 percent, followed by the Shiloh shepherd at 2.7 percent. While the Shiloh shepherd's wolf ancestry fits with its history of breeding with wolfdogs or other recent hybrids to create healthier shepherd dogs in the US, the elevated wolf ancestry in the Great Anglo-French tricolor hound, the most common hound in France, is both unexpected and unexplained. The Tamaskan, a "wolfalike" breed created in the UK during the 1980s by selecting huskies, malamutes, and other dogs for a wolf-like appearance, has about 3.7 percent wolf ancestry.

Wolf Influence Across Dog Types and Sizes

The researchers identified several broad trends in their data. Larger dogs and those bred for specific types of work, such as Arctic sled dogs, "pariah" breeds, and hunting dogs, tended to have higher levels of wolf ancestry. Terriers, gundogs, and scent hounds typically had the lowest levels. Some large guardian dogs showed high wolf ancestry, while others, including the Neapolitan mastiff, bullmastiff, and St. Bernard, showed none. Wolf ancestry also appeared in breeds that did not fit these patterns, including the chihuahua, which had about 0.2 percent wolf ancestry.

"This completely makes sense to anyone who owns a chihuahua," Lin said. "And what we've found is that this is the norm most dogs are a little bit wolfy."

Personality Traits and Wolf Ancestry Trends

The team also compared how kennel clubs describe the behaviors of breeds with the highest and lowest wolf ancestry. Breeds with low levels were most often labeled "friendly," followed by "eager to please," "easy to train," "courageous," "lively," and "affectionate." Breeds with higher wolf ancestry were more often described as "suspicious of strangers," "independent," "dignified," "alert," "loyal," "reserved," and "territorial." Descriptors such as "intelligent," "obedient," "good with children," "dedicated," "calm," and "cheerful" appeared with similar frequency in both groups. The researchers emphasized that these personality labels reflect human observations and that it remains unclear whether wolf-derived DNA directly influences these traits. Even so, the findings open new directions for future behavioral research.




Wolf-Derived Adaptations in Modern Dogs

The study also highlighted several adaptations that dogs appear to have inherited from wolves. Village dogs showed enriched wolf ancestry in olfactory receptor genes, which may support their need to locate human food waste. Another adaptation traced to a Tibetan wolf-like gene enables Tibetan mastiffs to tolerate low-oxygen environments in the Tibetan Plateau and the Himalayas.

"Dogs are our buddies, but apparently wolves have been a big part of shaping them into the companions we know and love today," said study co-author Logan Kistler, curator of archaeobotany and archaeogenomics at the National Museum of Natural History. "Through the years, dogs have had to solve all kinds of evolutionary problems that come with living with humans, whether it's surviving at high altitude, searching for their next meal as they freely roam a village, or protecting the herd, and it seems like they use wolf genes as part of a toolkit to continue their evolutionary success story."

Other study authors include Regina Fairbanks, from the University of California, Davis; Jose Barba-Montoya, from the American Museum of Natural History; and Hsiao-Lei Liu, from the National Museum of Natural History and University of Stockholm.
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Scientists find coastal seas acidifying shockingly fast | ScienceDaily
New research from the University of St Andrews reports that some coastal regions are on track to become far more acidic than scientists once believed. As additional atmospheric CO2 enters the air, it dissolves into the ocean more quickly than anticipated, driving a rapid drop in pH that threatens coastal industries and livelihoods around the world.


						
Because atmospheric CO2 and ocean pH (acidity) rise and fall together, any increase in CO2 above the ocean is soon reflected in the water below. This steady absorption of carbon makes seawater progressively more acidic over time.

Upwelling Systems Intensify Ocean Acidification

In a study published on November 13th in Nature Communications, the research team used the California Current as a case study and found that upwelling regions significantly intensify ocean acidification rather than simply reflecting atmospheric trends.

Upwelling occurs when deeper ocean layers, which are already nutrient rich and naturally acidic, move upward toward the shore. Organic material from surface waters sinks and is broken down by microbes in the deep ocean, a process that releases CO2 and increases acidity. When these deep waters rise again, they deliver this accumulated acidity back to the surface, where the water interacts with atmospheric CO2 and becomes even more acidic.

Historic Corals Reveal Long-Term Changes

To examine how acidity has evolved over time, the researchers analyzed historic coral samples and measured boron isotope signatures preserved in their skeletons. These records helped reconstruct changes in coastal acidity over the 20th century. The team then used a regional ocean model to estimate how acidity is likely to shift during the 21st century.




Their findings show that upwelling zones experience acidification rates that exceed those "expected" from atmospheric CO2 alone. The key factor is that upwelled water is already acidic, and rising CO2 from human activities further intensifies this effect.

Implications for Fisheries and Climate Change

Upwelling systems rank among the most biologically productive regions on Earth and play an essential role in supporting global fisheries. Understanding how these systems respond to rising CO2 is therefore vital for both ocean science and the long-term stability of fisheries that depend on them.

Co Author Dr. Hana Jurikova, Senior Research Fellow in the School of Earth and Environmental Science, said: "Predicting how upwelling systems will respond to climate change is highly complex, as anthropogenic influences interact with natural sources of ocean acidification. Our research shows that such interactions can amplify environmental change in the California Current System, highlighting the need for similar studies in other regions to better anticipate future change."

Global Upwelling Regions Show Similar Risks

The California Current is only one example of a much broader pattern. Other major upwelling systems include the Humboldt Current off Peru and the Benguela and Canary Currents along the west coast of Africa. Each of these regions may experience similar intensification of acidification as CO2 levels continue to rise.

Co Author Dr. James Rae, Reader in the School of Earth and Environmental Science, said: "the ocean becoming more acidic poses major risks to marine ecosystems and the communities and economies they support. The solutions we now have for climate change, like heat pumps and electric vehicles, also fix ocean acidification, so it's critical that we support them."
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242-million-year-old mini predator changes lizard evolution | ScienceDaily
A recently analyzed fossil from Devon is giving scientists a rare look at what the earliest members of the lizard lineage may have looked like, and the findings come with several unexpected twists, according to researchers at the University of Bristol. The work was published in Nature.


						
Today, lizards and their close relatives, including snakes and the distinctive tuatara from New Zealand, form the most diverse group of land vertebrates. With more than 12,000 species, they outnumber birds and mammals. Their collective group, known as Lepidosauria, has achieved remarkable success, raising long-standing questions about which early traits gave them such an advantage.

Reconsidering Early Lepidosaur Features

Scientists had anticipated that the earliest lepidosaurs would show traits also present in many modern lizards and snakes. These expected features included a partly hinged skull, an open lower temporal bar, and numerous teeth on the roof of the mouth (palate). In living species, these adaptations allow the animals to open their jaws extremely wide (skull hinge) and use palate teeth to secure struggling prey.

The lower temporal bar functions much like a cheek bone. It connects the cheek region to the jaw hinge and is missing in modern lizards and snakes. Although many living species share flexible skulls and other advanced traits, only the tuatara still retains a complete lower temporal bar, giving it a more ancestral appearance. The tuatara also maintains large palatal teeth, which further highlight its links to early reptiles.

Unexpected Anatomy Revealed

"The new fossil shows almost none of what we expected," said Dan Marke, who led the study as part of his MSc in Palaeobiology at Bristol. "It has no teeth on the palate, and no sign of any hinging. It does though have the open temporal bar, so one out of three. Not only this but it possesses some spectacularly large teeth compared to its closest relatives."

Advanced Scanning Exposes Hidden Details




"In modern paleontological studies we often X-ray scan the fossils," noted Dr. David Whiteside, a co-supervisor of the project. "But the exceptional resolution and quality of scans from synchrotron X-ray sources show us all the fine details and save any risk of damage.

"An earlier MSc student, Thitiwoot Sethapanichsakul, had worked on the regular scans and found fantastic detail, but it's so tiny -- the skull is only 1.5 cm long, and we could barely see the teeth. So, we were so grateful to be able to make synchrotron CT scans to get even finer resolution, using two powerful beamlines at the European Synchrotron Radiation Facility (France) and the Diamond Light Source (UK)."

A Tiny Skeleton With Remarkable Preservation

"When you look at the fossil, the whole skeleton sits in the palm of your hand," explained Michael Benton, another co-supervisor and Professor of Vertebrate Paleontology in the School of Earth Sciences at the University of Bristol.

"But after the scans and the hard work of our students cleaning up the scan data, we can see the most amazing detail. The new beast has relatively large triangular-shaped teeth and probably used these to pierce and shear the hard cuticles of its insect prey, pretty much as the tuatara does today."

A New Species With Unique Traits

"The new animal is unlike anything yet discovered and has made us all think again about the evolution of the lizard, snakes and the tuatara," said Dan Marke. "We had to give it a name to distinguish it from everything else, and we chose Agriodontosaurus helsbypetrae, quite a mouthful, meaning 'fierce toothed lizard from the Helsby rock" after the Helsby Sandstone Formation in which it was discovered.




"This specimen not only provides important information about the ancestral skull of all lepidosaurs but also builds on the growing knowledge that the tuatara, while often called a "living fossil"; belongs to a once-diverse order of ancient reptiles with a rich evolutionary history."

Tracing Early Reptile Evolution

The fossil dates to 242 million years ago during the Middle Triassic, just before the emergence of dinosaurs. From that point onward, lepidosaurs underwent several waves of diversification. Early forms likely slipped through the undergrowth beneath the feet of dinosaurs and succeeded by evolving a variety of strategies for capturing prey. These included flexible jaws and, in some lizards and snakes, venom.

A Chance Find on a Devon Beach

"When I found the specimen back in 2015 on the beach in Devon, I had no idea what it was because there was so little of it exposed," added Dr. Rob Coram. "It's been great to see such an amazing fossil coming from a site that has been providing fossils for 150 years."
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Dinosaur mummy found with hooves and a hidden crest | ScienceDaily

With a combination of advanced imaging methods, the scientists were able to recreate what the dinosaur would have looked like in life. Their reconstruction reveals a tall crest running along the neck and torso, a row of spikes down the tail, and hooves that enclosed the toes. When these results are combined with fossilized footprints, the overall appearance of this duck-billed dinosaur, long speculated about but never documented with this level of precision, becomes much clearer.

"It's the first time we've had a complete, fleshed-out view of a large dinosaur that we can really feel confident about," said senior author Paul Sereno, PhD, Professor of Organismal Biology and Anatomy at UChicago. "The badlands in Wyoming where the finds were made is a unique 'mummy zone' that has more surprises in store from fossils collected over years of visits by teams of university undergrads."

Rediscovering Wyoming's dinosaur "mummy zone"

Using old field photographs and careful detective work, Sereno and his colleagues retraced the locations in east-central Wyoming where several classic dinosaur mummies had first been uncovered in the early 1900s. They mapped a compact "mummy zone" within these rock layers, which represent stacked river sands.

In this area, the team excavated two new Edmontosaurus mummies, a younger individual and a somewhat older one, both preserving large, continuous patches of the external skin surface. These fossils provided crucial pieces needed to build a full, fleshy profile of the animal.

Sereno emphasizes that these dinosaur mummies are very different from human-created mummies in Egyptian tombs; none of the original organic material is still present. In both the newly described specimens and earlier examples labeled as mummies (including those found at the same site in the 20th century), the preserved skin, spikes, and hooves exist not as tissue but as an extremely thin clay coating that formed on the outside of the carcass shortly after burial.




"This is a mask, a template, a clay layer so thin you could blow it away," Sereno said. "It was attracted to the outside of the carcass in a fluke event of preservation."

Ultra-thin clay films capture dinosaur skin in 3D

To investigate how these extraordinary fossils formed, the team used a suite of imaging and analytical approaches. These included hospital and micro-CT scans, thin sections, X-ray spectroscopy, clay mineral analyses, and a close study of the rock layers where the fossils were found. All lines of evidence pointed toward a specific sequence of events that produced this rare style of preservation.

The researchers propose that after the dinosaurs died, their bodies dried in the sun before being rapidly buried in sudden flash floods. A microbial film on the outer surface of the carcass then attracted clay particles from the surrounding wet sediment through electrostatic forces. This process created a wafer-thin clay template that faithfully captured the animal's outer shape in three dimensions. Over time, the soft tissues decayed away, leaving the clay film and the skeleton, which later fossilized on longer timescales.

Cleaning, scanning and digitally rebuilding the duckbill

Revealing a boundary as fragile as this paper-thin clay layer required painstaking work. Fossil Lab manager Tyler Keillor, a co-author on the study, led hours of meticulous preparation to uncover the crucial surfaces without destroying them.




Another group, led by postdoctoral scholar Evan Saitta, relied on 3D surface imaging, CT scans, and comparisons with fossil footprints from the same time period. They traced the preserved soft anatomy, examined the sediments inside and outside the mummy, and matched the dinosaur's hooves back into a footprint. Digital artists then worked alongside the scientists to create lifelike reconstructions that showed how the duckbill would have looked and moved as it walked across soft mud near the very end of the dinosaur age.

"I believe it's worth taking the time to assemble a dream team in order to generate science that can be appreciated by the general public," Sereno said. "We've never been able to look at the appearance of a large prehistoric reptile like this -- and just in time for Halloween."

Crest, spikes, scales and thin skin

Working from the two newly described mummies, the researchers were able to assemble a complete, fleshy outline of Edmontosaurus annectens.

"The two specimens complemented each other beautifully," Sereno said. "For the first time, we could see the whole profile rather than scattered patches."

They discovered a continuous feature running along the center of the back that started as a fleshy crest over the neck and torso. Over the hips, this structure shifted into a single row of spikes along the tail, with each spike aligned above a vertebra and fitting neatly with its neighbors.

The team also documented the dinosaur's scale patterns. The largest polygonal scales appeared along the lower body and tail, while most of the animal was covered in very small, pebble-like scales only 1-4 millimeters across, surprisingly tiny for a dinosaur that could reach more than 40 feet in length. Fine wrinkles preserved over the ribcage indicate that the skin of this duckbill was relatively thin.

Hooves and heel pads on a "hoofed" dinosaur

The most unexpected discovery came from the larger mummy's hind feet: this dinosaur had hooves. The tips of each of the three hind toes were enclosed in a wedge-shaped hoof with a flat underside, similar to that of a horse.

To confirm what these feet looked like in life, the researchers combined CT scans of the mummified feet with 3D images of the best-preserved duckbill footprint from the same time period, carefully aligning the bones and soft-tissue impressions. With this information, they produced a detailed reconstruction of the hind foot. Unlike the forefoot, which makes contact with the ground only through its hooves, the hind feet also included a fleshy heel pad behind the hooves.

"There are so many amazing 'firsts' preserved in these duck-billed mummies -- the earliest hooves documented in a land vertebrate, the first confirmed hooved reptile, and the first hooved four-legged animal with different forelimb and hindlimb posture," Sereno said.

A new toolkit for dinosaur soft-tissue research

Beyond revealing striking new anatomy, the research provides a practical framework for future studies of dinosaur soft tissue. The authors outline new preparation techniques, a clear set of terms for describing soft structures and scale types, a step-by-step imaging pathway from fossil specimen to fleshed-out model, and a recipe for how a dinosaur mummy can form under natural conditions.

Their work offers more than a series of isolated findings. It proposes a general model for dinosaur mummification based on clay templating, which can now be tested on other fossils that might have formed in similar ways.

The team also highlights the next steps: focused searches for additional specimens with this kind of preservation in the same Wyoming rock layers and in other regions; biomechanical studies that can now rely on accurate external body outlines; and complementary analyses designed to understand when and where clay templating is most likely to occur.

"This may be the single best paper I've released," Sereno said. "From field to lab to 3D reconstructions along with a suite of useful terms defined, it's a tour de force, and it tells a coherent story about how these remarkable fossils come to be and what we can learn from them."
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A backwards Bible map that changed the world | ScienceDaily
The first Bible to include a map of the Holy Land appeared in 1525, exactly 500 years ago. The map had a major flaw: it was printed the wrong way round, showing the Mediterranean to the East. Despite this error, a new Cambridge study explains that the map's appearance in print helped set in motion ideas about territory and borders that still influence thinking today.


						
"This is simultaneously one of publishing's greatest failures and triumphs," says Nathan MacDonald, Professor of the Interpretation of the Old Testament at the University of Cambridge.

"They printed the map backwards so the Mediterranean appears to the east of Palestine. People in Europe knew so little about this part of the world that no one in the workshop seems to have realized. But this map transformed the Bible forever and today most Bibles contain maps."

How a Renaissance Map Reframed the Bible

In research published on November 29 in The Journal of Theological Studies, MacDonald argues that the map created by Lucas Cranach the Elder and printed in Zurich did more than update biblical layouts for the Renaissance. It also helped shape early thinking about territorial organization.

"It has been wrongly assumed that biblical maps followed an early modern instinct to create maps with clearly marked territorial divisions," MacDonald says. "Actually, it was these maps of the Holy Land that led the revolution.

"As more and more people gained access to Bibles from the 17th century, these maps spread a sense of how the world ought to be organized and what their place within it was. This continues to be extremely influential."

Rare Survivors of the 1525 Edition




Very few copies of Christopher Froschauer's 1525 Old Testament still exist. Trinity College Cambridge's Wren Library holds one of the remaining examples (see image).

Inside this edition, Cranach's map presents the stations of the wilderness wanderings and the division of the Promised Land into twelve tribal regions. These divisions were a distinctly Christian interpretation, expressing a claim to the sacred sites of both the Old and New Testaments. Cranach's work drew on medieval mapping traditions where Israel appeared as long, narrow strips of land, reflecting earlier reliance on the 1st century AD Jewish historian Josephus, who simplified conflicting biblical descriptions.

According to MacDonald, "Joshua 13-19 doesn't offer an entirely coherent, consistent picture of what land and cities were occupied by the different tribes. There are several discrepancies. The map helped readers to make sense of things even if it wasn't geographically accurate."

Mapping the Bible in the Swiss Reformation

A literal interpretation of scripture was especially important in the Swiss Reformation, which is why, MacDonald explains, "It's no surprise that the first Bible map was published in Zurich."

MacDonald, a Fellow of St John's College Cambridge, notes that as interest in literal readings increased, maps became a tool to show that biblical events unfolded in identifiable places and real time.




In a Reformation context where certain religious images were restricted, maps of the Holy Land became acceptable visual aids and took on devotional significance.

"When they cast their eyes over Cranach's map, pausing at Mount Carmel, Nazareth, the River Jordan and Jericho, people were taken on a virtual pilgrimage," MacDonald says. "In their mind's eye, they traveled across the map, encountering the sacred story as they did so."

A Turning Point in the Bible's Long Evolution

MacDonald argues that the addition of Cranach's map was a major milestone in the Bible's development and deserves more recognition. Other key moments include the shift from scrolls to bound books, the 13th century creation of the first portable one-volume Bible (The Paris Bible), the introduction of chapters and verses, new Reformation prefaces, and the 18th century recognition of prophetic writings as Hebrew poetry. "The Bible has never been an unchanging book," MacDonald says. "It is constantly transforming."

How Biblical Maps Helped Create Modern Borders

In medieval maps, the tribal divisions of the Holy Land symbolized spiritual inheritance for Christians. By the late fifteenth century, however, the lines originally drawn in biblical maps began spreading into maps of the wider world. These lines came to represent political borders. At the same time, these new ideas about political authority were read back into biblical texts.

"Bible maps delineating the territories of the twelve tribes were powerful agents in the development and spread of these ideas," MacDonald says. "A text that is not about political boundaries in a modern sense became an instance of God's ordering of the world according to nation-states."

"Lines on maps started to symbolize the limits of political sovereignties rather than the boundless divine promises. This transformed the way that the Bible's descriptions of geographical space were understood."

"Early modern notions of the nation were influenced by the Bible, but the interpretation of the sacred text was itself shaped by new political theories that emerged in the early modern period. The Bible was both the agent of change, and its object."

Why These Ideas Still Matter

"For many people, the Bible remains an important guide to their basic beliefs about nation states and borders," MacDonald says. "They regard these ideas as biblically authorized and therefore true and right in a fundamental way."

MacDonald points to a recent US Customs and Border Protection recruitment film in which a border agent quotes Isaiah 6:8 -- 'Then I heard the voice of the Lord saying, "Whom shall I send? And who will go for us?"' -- while flying above the US-Mexico border in a helicopter.

Professor MacDonald is concerned that many people continue to treat modern borders as if they were clearly defined in scripture. "When I asked ChatGPT and Google Gemini whether borders are biblical, they both simply answered 'yes'. The reality is more complex," he says.

"We should be concerned when any group claims that their way of organizing society has a divine or religious underpinning because these often simplify and misrepresent ancient texts that are making different kinds of ideological claims in very different political contexts."
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A strange ancient foot reveals a hidden human cousin | ScienceDaily
Thanks to newly discovered fossil bones, scientists have now been able to match an enigmatic 3.4-million-year-old hominin foot, first found in 2009, to a species that is different from the famous fossil Lucy. This link strengthens the case that two separate species of early human ancestors were living in the same region at the same time.


						
In 2009, a research team led by Arizona State University paleoanthropologist Yohannes Haile-Selassie uncovered eight bones from the foot of an ancient human ancestor in 3.4-million-year-old sediments in the Afar Rift of Ethiopia. The fossil, known as the Burtele Nature Foot, was recovered at the Woranso-Mille paleontological site and was formally introduced in a 2012 publication.

"When we found the foot in 2009 and announced it in 2012, we knew that it was different from Lucy's species, Australopithecus afarensis, which is widely known from that time," said Haile-Selassie, director of the Institute of Human Origins (IHO) and a professor in the ASU School of Human Evolution and Social Change.

"However, it is not common practice in our field to name a species based on postcranial elements -elements below the neck -- so we were hoping that we would find something above the neck in clear association with the foot. Crania, jaws and teeth are usually the elements used in species recognition."

Connecting the Burtele Foot to Australopithecus deyiremeda

When the Burtele foot was first described, some teeth had already been recovered from the same general area. However, scientists were unsure whether those teeth came from exactly the same sediment layer as the foot. In 2015, the team announced a new species from the region, Australopithecus deyiremeda, but did not yet assign the Burtele foot to this species, even though some of the fossils were found very close to the foot, explained Haile-Selassie.

Over the next decade, repeated field seasons and additional fossil discoveries allowed the team to build a stronger picture. Haile-Selassie said they now have enough material to confidently link the Burtele foot with the species A. deyiremeda.




Two Hominin Species Sharing the Same Landscape

The decision to place the Burtele foot in a specific species is only one part of a larger story. The Woranso-Mille site is especially important because it provides clear evidence that two closely related hominin species were living in the same area at the same time.

The Burtele foot, now associated with A. deyiremeda, is considered more primitive than the feet of Lucy's species, A. afarensis. Unlike Lucy, the Burtele foot kept an opposable big toe, which would have been useful for climbing. On the ground, however, A. deyiremeda still walked on two legs and appears to have pushed off primarily from the second toe rather than the big toe, which is how modern humans typically walk.

"The presence of an abducted big toe in Ardipithecus ramidus was a big surprise because at 4.4 million-years-ago there was still an early hominin ancestor which retained an opposable big toe, which was totally unexpected," said Haile-Selassie.

"Then 1-million-years later, at 3.4-million-years ago, we find the Burtele foot, which is even more surprising. This is a time when we see species like A. afarensis whose members were fully bipedal with an adducted big toe. What that means is that bipedality -- walking on two legs -- in these early human ancestors came in various forms. The whole idea of finding specimens like the Burtele foot tells you that there were many ways of walking on two legs when on the ground, there was not just one way until later."

Isotope Evidence Highlights Different Hominin Diets

To better understand what A. deyiremeda ate, Naomi Levin, a professor at the University of Michigan, analyzed eight of the 25 teeth recovered from the Burtele area using isotope techniques. The method begins with cleaning the tooth surface and then carefully removing only the enamel for testing.




"I sample the tooth with a dental drill and a very tiny (< 1mm) bit -- this equipment is the same kind that dentists use to work on your teeth," said Levin. "With this drill I carefully remove small amounts of powder. I store that powder in a plastic vial and transport it back to our lab at the University of Michigan for isotopic analysis."

The findings were unexpected.

While Lucy's species appears to have had a mixed diet, using both C3 (resources from trees and shrubs) and C4 plants (tropical grasses and sedges), A. deyiremeda relied more heavily on C3 resources.

"I was surprised that the carbon isotope signal was so clear and so similar to the carbon isotope data from the older hominins A. ramidus and Au. anamensis," said Levin. "I thought the distinctions between the diet of A. deyiremeda and A. afarensis would be harder to identify but the isotope data show clearly that A. deyiremeda wasn't accessing the same range of resources as A. afarensis, which is the earliest hominin shown to make use of C4 grass-based food resources."

Dating Fossils and Reconstructing Ancient Environments

Another crucial part of the research involved pinning down the age of the fossils and reconstructing the ancient environments in which these hominins lived. Establishing how the fossil layers line up over space and time helps scientists understand when, and under what conditions, each species existed.

"We have done a tremendous amount of careful field work at Woranso-Mille to establish how different fossil layers relate, which is crucial to understanding when and in what settings the different species lived," said Beverly Saylor, professor of earth, environmental and planetary sciences at Case Western Reserve University. Saylor led the geological work that established the stratigraphic association between the foot and Au. deyiermeda.

Juvenile Jaw Offers Clues to Growth and Development

Alongside the 25 teeth recovered from Burtele, Haile-Selassie's team also discovered the jaw of a juvenile individual that, based on tooth anatomy, clearly belonged to A. deyiremeda. According to Gary Schwartz, IHO research scientist and professor at the School of Human Evolution and Social Change, this jaw contained a complete set of baby teeth already in place, as well as many adult teeth still developing deep inside the lower jawbone.

The researchers used CT scanning technology to visualize all of the developing teeth. Because tooth development is closely linked to overall growth patterns, this information helped the team estimate that the youngster was about 4.5 years old at the time of death.

"For a juvenile hominin of this age, we were able to see clear traces of a disconnect in growth between the front teeth (incisors) and the back chewing teeth (molars), much like is seen in living apes and in other early australopiths, like Lucy's species," said Schwartz.

"I think the biggest surprise was despite our growing awareness of how diverse these early australopith (i.e., early hominin) species were -- in their size, in their diet, in their locomotor repertoires and in their anatomy -- these early australopiths seem to be remarkably similar in the manner in which they grew up."

How Ancient Hominins Lived Together

By combining information about movement (locomotion), diet and environment, scientists are gaining new insight into how different hominin species could live in the same region without one driving the other to extinction. Differences in how they walked, climbed and fed may have allowed them to share the landscape by using it in distinct ways.

"All of our research to understand past ecosystems from millions of years ago is not just about curiosity or figuring out where we came from, said Haile-Selassie. "It is our eagerness to learn about our present and the future as well."

"If we don't understand our past, we can't fully understand the present or our future. What happened in the past, we see it happening today," he said. "In a lot of ways, the climate change that we see today has happened so many times during the times of Lucy and A. deyiremeda. What we learn from that time could actually help us mitigate some of the worst outcomes of climate change today."

Publication, Research Team and Funding

The paper, "New finds shed light on diet and locomotion in Australopithecus deyiremeda," appears in the journal Nature. The international research team included scientists from Arizona State University, Washington University, St. Louis, Case Western Reserve University, Berkeley Geochronology Center, Universitat de Barcelona, University of Tampa and University of Michigan. The full list of authors are: Yohannes Haile-Selassie, Gary T. Schwartz, Thomas C. Prang, Beverly Z. Saylor, Alan Deino,Luis Gibert, Anna Ragni and Naomi E. Levin.

Funding for this work came from the National Science Foundation and the W.M. Keck Foundation. Field and laboratory research in Ethiopia was made possible through the support of the Ethiopian Heritage Authority.
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Scientists studied 47,000 dogs on CBD and found a surprising behavior shift | ScienceDaily
CBD is already used by many people for issues such as chronic pain, nausea, and inflammation. A new analysis suggests that dogs might also experience some of these benefits. Researchers in the US examined information from the Dog Aging Project to better understand the characteristics, health patterns, and behavior of dogs that received CBD or hemp supplements. Their findings were published in Frontiers in Veterinary Science.


						
"Behaviorally, dogs given CBD products for multiple years are initially more aggressive compared to dogs not receiving those products, but their aggression becomes less intense over time," said senior author Dr. Maxwell Leung, an assistant professor and the director of Cannabis Analytics, Safety and Health Initiative at Arizona State University.

"This long-term behavioral change highlights the potential of CBD as a therapy for canine behavioral issues," added co-author Dr. Julia Albright, an associate professor at the College of Veterinary Medicine at the University of Tennessee.

Large-Scale Study Tracks CBD Use in U.S. Companion Dogs

This research represents the most extensive effort so far to investigate CBD use among pet dogs in the US. The team relied on the Dog Aging Project, a long-term community science initiative in which owners provide yearly updates on their pets' diet, lifestyle, health, and living conditions. A total of 47,355 dogs were included, with data collected through annual surveys between 2019 and 2023.

Owners detailed how often their dogs consumed CBD or hemp products. Frequent users received a supplement every day, while infrequent users were given supplements less often than once a day. Owners could also indicate that their dogs had never been given CBD.

Who Receives CBD? Age, Health Conditions, and Household Patterns

Clear patterns emerged when the researchers examined which dogs were most likely to be given CBD. "In our sample, 7.3% of the companion dogs in the US have been given CBD and hemp products," said Leung. Of these, 2,759 dogs (5.8%) were frequent users. Dogs receiving the supplements tended to be older; on average, they were three years older than dogs that did not receive CBD.




Several health issues were linked to higher CBD use. The strongest association was seen in dogs with dementia (18.2%), followed by those with osteoarthritis joint problems (12.5%) and those diagnosed with cancer (10%).

Dogs living in states where human medical cannabis is legal were also more likely to receive CBD. This may reflect how owners' attitudes toward cannabis influence their decisions for their pets. Male dogs were given CBD more often, with a 9% higher likelihood than female dogs. However, activity levels did not differ significantly between dogs that used CBD and those that did not.

Behavioral Changes Suggest a Gradual Calming Effect

The study also documented behavioral differences. Dogs that received CBD for extended periods were described as having lower-than-average aggression levels compared to dogs with no CBD use. This pattern suggests that CBD could play a role in reducing aggressive behaviors. Other behavioral traits, such as agitation or anxiety, did not show the same association. "Most canine aggression is related to underlying stress or anxiety -- a fight or flight response that kicks in. It is unclear why only aggression but not other types of anxious or agitated behaviors seemed to be improved with CBD treatment," Albright said.

Research Gaps, Safety Concerns, and the Need for Better Data

The team noted that the study did not explore the biological reasons behind these behavioral shifts, and controlled research will be necessary to confirm CBD's calming potential. They also pointed out several limitations in the available data, including possible owner bias and the lack of detailed information about CBD dosage, product formulations, administration methods, and sources. "At this point, we do not have a complete picture about the behavioral treatment plan," Albright pointed out.

Owners considering CBD for their dogs should purchase reliable products and be cautious with dosing, since CBD can cause side effects such as gastrointestinal upset and diarrhea.

According to the team, this study provides an early framework for examining how CBD might help address health and behavior problems in older dogs, as well as in humans with similar concerns. "There are many similarities in how CBD can benefit dogs and humans medically," Leung concluded.
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Bird flu's surprising heat tolerance has scientists worried | ScienceDaily
Bird flu viruses pose a significant danger to humans because they can continue multiplying at temperatures warmer than a normal fever. Fever is one of the body's main tools for slowing down viral infections, yet new research led by the universities of Cambridge and Glasgow shows that these avian viruses can keep going even under conditions that usually shut other viruses down.


						
A study published on November 28 in Science reports the discovery of a gene that strongly influences how sensitive a virus is to heat. During the major flu pandemics of 1957 and 1968, this gene moved from bird flu viruses into circulating human flu strains, which helped those strains thrive.

Seasonal human flu viruses infect millions of people each year. These common influenza A viruses usually multiply most effectively in the cooler upper airways, where temperatures average about 33degC. They do not spread as efficiently in the warmer lower respiratory tract, which is typically closer to 37degC.

How Fever Limits Infection and Why Bird Flu Can Resist It

Viruses spread through the body when left unchecked, sometimes leading to severe illness. Fever is one of the body's natural responses and can raise core temperature to as high as 41degC. Until recently, the exact way fever slows down viruses, and why some can withstand such heat, had not been fully understood.

Avian influenza viruses operate differently from human strains. They tend to multiply in the lower respiratory tract, and in their usual hosts, such as ducks and seagulls, they often infect the gut. Temperatures in these environments can reach 40-42degC.

Earlier work in cultured cells suggested that bird flu viruses are more tolerant of fever-level temperatures than human flu viruses. The new study uses in vivo experiments with mice infected with influenza viruses to shed light on how fever provides protection and why this protection may not be enough against avian strains.




Experiments Show Why Fever Slows Human Flu but Not Avian Flu

In the new research, scientists from Cambridge and Glasgow recreated fever conditions in mice to observe how the virus responded. They used a laboratory-adapted human-origin influenza strain known as PR8, which is not a risk to people.

Mice do not usually develop a fever when infected with influenza A viruses, so the researchers simulated one by increasing the temperature of the environment where the mice were kept (elevating the body temperature of the mice).

The results showed that raising body temperature to fever levels was highly effective at preventing human-origin flu viruses from replicating. However, similar temperature increases did not stop avian influenza viruses. A rise of just 2C was enough to turn what would normally be a deadly human-origin influenza infection into a mild one.

The PB1 Gene Helps Bird Flu Withstand Fever

The team also found that the PB1 gene, which is essential for copying the viral genome inside infected cells, plays a central role in temperature resistance. Viruses containing an avian-like PB1 gene were able to tolerate the high temperatures associated with fever and caused serious disease in mice. This discovery is notable because bird and human flu viruses can exchange genetic material when they infect the same host, such as pigs.




Dr. Matt Turnbull, the study's first author from the Medical Research Council Centre for Virus Research at the University of Glasgow, said: "The ability of viruses to swap genes is a continued source of threat for emerging flu viruses. We've seen it happen before during previous pandemics, such as in 1957 and 1968, where a human virus swapped its PB1 gene with that from an avian strain. This may help explain why these pandemics caused serious illness in people.

"It's crucial that we monitor bird flu strains to help us prepare for potential outbreaks. Testing potential spillover viruses for how resistant they are likely to be to fever may help us identify more virulent strains."

High Fatality Rates Make Bird Flu a Persistent Global Threat

Senior author Professor Sam Wilson, from the Cambridge Institute of Therapeutic Immunology and Infectious Disease at the University of Cambridge, said: "Thankfully, humans don't tend to get infected by bird flu viruses very frequently, but we still see dozens of human cases a year. Bird flu fatality rates in humans have traditionally been worryingly high, such as in historic H5N1 infections that caused more than 40% mortality.

"Understanding what makes bird flu viruses cause serious illness in humans is crucial for surveillance and pandemic preparedness efforts. This is especially important because of the pandemic threat posed by avian H5N1 viruses."

Implications for Fever Treatment and Future Research

According to the researchers, the findings may eventually affect treatment recommendations, although more studies will be necessary before any changes are made. Fever is often treated with antipyretic medications, including ibuprofen and aspirin. Some clinical evidence suggests that lowering fever might not always help patients and may even support the spread of influenza A viruses in humans.

The research received primary funding from the Medical Research Council, with additional support from the Wellcome Trust, Biotechnology and Biological Sciences Research Council, European Research Council, European Union Horizon 2020, UK Department for Environment, Food & Rural Affairs, and US Department of Agriculture.
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Polluted air quietly erases the benefits of exercise | ScienceDaily
Long-term exposure to polluted air may significantly reduce the positive health effects of regular physical activity, according to new research from an international team that included experts from UCL (University College London).


						
The study, published in BMC Medicine, examined information from over 1.5 million adults who were monitored for more than ten years across several countries, including the UK, Taiwan, China, Denmark and the United States.

Researchers found that people living in areas with substantial air pollution experienced a noticeably smaller reduction in their risk of death during the study period. This applied to deaths from any cause, as well as from cancer and heart disease specifically, although some benefit from exercise still remained.

Fine Particle Pollution and Its Impact on the Body

The team focused on levels of fine particulate matter, or PM2.5s, which are extremely small particles less than 2.5 micrometers in diameter. Because of their size, they can travel deep into the lungs and even enter the bloodstream.

The analysis showed that exercise benefits declined sharply when yearly average PM2.5 levels reached 25 micrograms per cubic meter (mg/m3) or higher. Nearly half (46%) of the global population lives in regions where pollution is at or above this level.

Lead researcher Professor Po-Wen Ku of National Chung Hsing University, Taiwan, said: "Our findings emphasize that exercise remains beneficial even in polluted environments. However, improving air quality can greatly enhance these health gains."

Co-author Professor Andrew Steptoe from UCL's Department of Behavioural Science & Health added: "Our study shows that toxic air can to some extent block the benefits of exercise, although not eliminate them. The findings are further evidence of the damage that fine particle pollution can do to our health.




"We believe clean air and physical activity are both important for healthy aging and so we encourage greater efforts to curb health-harming pollution levels."

Large-Scale Analysis Reveals Clear Risk Patterns

To conduct the investigation, the research team combined data from seven existing studies, three of which had not previously been published. They included both summary data and, for three studies, a new analysis of individual participant records.

Across all studies, adults who completed at least two and a half hours of moderate or vigorous exercise* each week had a 30% lower risk of death during the study period compared with people who did not reach this level of activity.

For highly active people living in areas where PM2.5 pollution exceeded 25 mg/m3, this protective effect dropped to just 12-15%.

Higher Pollution Levels Further Reduce Exercise Benefits

When pollution levels rose above 35 mg/m3, the benefit of exercise weakened even more, particularly for deaths linked to cancer. In these conditions, the protective effects were no longer strong. About 36% of the global population lives in places where yearly PM2.5 averages exceed 35 mg/m3.




Participants from the UK experienced average PM2.5 levels of 10 mg/m3, which are below the thresholds associated with strong reductions in exercise benefits. However, pollution in UK cities fluctuates significantly, and wintertime spikes commonly exceed 25 mg/m3, the study's critical threshold.

Co-author Professor Paola Zaninotto from UCL's Department of Epidemiology & Public Health said: "We don't want to discourage people from exercising outdoors. Checking air quality, choosing cleaner routes, or easing off intensity on polluted days can help you get the most health benefits from your exercise."

Study Limitations and Broader Context

The authors noted several limitations. Most of the data came from high-income countries, so the conclusions may not fully apply to low-income regions where pollution levels are often much higher, sometimes surpassing 50 mg/m3. Additional missing information included indoor air quality and details about participants' diets.

Despite these gaps, the research accounted for many other variables, such as income, education, smoking habits, and whether participants had existing chronic conditions.

Researchers from the UK, the United States, Australia and Asia participated in the project. The UK analysis used data from the UK Biobank.

Funding for the study was provided by Taiwan's National Science and Technology Council, Taichung Veterans General Hospital (TCVGH) and National Chung Hsing University.

Notes

*Moderate to vigorous exercise, such as jogging or other sports, is often defined as an activity that makes people breathless and causes perspiration.
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        Monumental Roman basin hidden for 2,000 years unearthed near Rome
        Archaeologists excavating the ancient Roman city of Gabii have uncovered a massive stone-lined basin that may represent one of Rome's earliest monumental civic structures. Its central placement hints that early Romans were already experimenting with dramatic public spaces centuries before the iconic Forum took shape. The site's remarkable preservation--made possible because Gabii was abandoned early--offers an unprecedented look at how Romans adapted Greek architectural ideas into powerful symbols ...

      

      
        A lost Amazon world just reappeared in Bolivia
        Researchers exploring Bolivia's Great Tectonic Lakes discovered a landscape transformed over centuries by sophisticated engineering and diverse agricultural traditions. Excavations show how Indigenous societies adapted to dynamic wetlands through raised fields, canals, and mixed livelihoods. Today's local communities preserve this biocultural continuity, guiding research and conservation.

      

      
        New 3D scan reveals a hidden network of moai carvers on Easter Island
        A high-resolution 3D model of Rano Raraku shows that the moai were created in many distinct carving zones. Instead of a top-down system, the statues appear to have been produced by separate family groups working independently while sharing techniques. Evidence of varied carving styles and multiple transport routes supports this decentralized picture. The results challenge old assumptions about how large-scale monument building worked on Rapa Nui.

      

      
        Millions are about to choose the wrong Medicare plan
        Millions face Medicare decisions each year, but many don't take advantage of tools that can save them money and stress. Insurance marketing often overshadows unbiased options like SHIP, leaving people unaware of better choices. Comparing real costs--not just premiums--can prevent unpleasant surprises, especially when provider networks or drug rules change. New assistance programs for low-income adults offer valuable help for 2026.

      

      
        A backwards Bible map that changed the world
        Five hundred years ago, a Bible accidentally printed with a backwards map of the Holy Land sparked a revolution in how people imagined geography, borders, and even nationhood. Despite the blunder, the map reshaped the Bible into a Renaissance book and spread new ideas about territorial organization as literacy expanded. Over time, sacred geography evolved into political boundary-making, influencing not only early modern thought but modern attitudes about nation-states.

      

      
        Seven-year study uncovers the holy grail of beer brewing
        ETH Zurich scientists have found the holy grail of brewing: the long-sought formula behind stable beer foam. Their research explains why different beers rely on different physical mechanisms to keep bubbles intact and why some foams last far longer than others.

      

      
        A strange ancient foot reveals a hidden human cousin
        Researchers have finally assigned a strange 3.4-million-year-old foot to Australopithecus deyiremeda, confirming that Lucy's species wasn't alone in ancient Ethiopia. This hominin had an opposable big toe for climbing but still walked upright in a distinct style. Isotope tests show it ate different foods from A. afarensis, revealing clear ecological separation. These insights help explain how multiple early human species co-existed without wiping each other out.
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Monumental Roman basin hidden for 2,000 years unearthed near Rome | ScienceDaily
In the center of the ancient Roman city of Gabii, located about 11 miles east of modern Rome, a research team led by University of Missouri professor Marcello Mogetta has uncovered an extraordinary find: a huge stone-lined basin with portions cut directly into the natural bedrock.


						
Dating to around 250 B.C., and possibly earlier in some sections, the structure is believed to be one of the earliest known examples of large-scale Roman architecture outside of temples and defensive walls.

Mogetta, who chairs Mizzou's Department of Classics, Archaeology and Religion, explained that monumental construction served purposes beyond practical use. He noted that it also functioned as a strong form of political messaging.

"This discovery gives us a rare look at how the early Romans experimented with city planning," he said. "Its location -- at the center of the city near the main crossroads -- suggests it may have been a monumental pool that was part of the city's forum, or the heart of public life in Roman towns. Since archaeologists still don't fully know what the early Roman Forum truly looked like, Gabii provides an invaluable window into its development."

Connections to Earlier Excavations and Greek Influence

This new basin builds on the team's previous findings at Gabii. One earlier feature, known as the "Area F Building," is a terraced complex carved into the slope of the ancient volcanic crater around which the settlement formed.

Taken together, these discoveries indicate that early Roman builders drew significant inspiration from Greek architectural traditions. Greek cities featured paved civic spaces, dramatic terraces and grand gathering areas that communicated both cultural prestige and political power. Early Romans appear to have adapted many of these ideas for their own urban centers.




Why Gabii Matters for Understanding Early Rome

Gabii occupies a unique place in the study of Roman history. Mogetta explained that "while Rome's earliest layers were buried beneath centuries of later construction, Gabii -- a once-powerful neighbor and rival of Rome, first settled in the Early Iron Age -- was largely abandoned by 50 B.C. and later reoccupied on a much smaller scale." Because of this, he said, the ancient city's original layout and building foundations remain unusually intact, offering a clear view of early Roman urban life.

Italy's Ministry of Culture has designated the area as an archaeological park, now managed as part of the Musei e Parchi Archeologici di Praeneste e Gabii. This status has allowed teams of researchers, including the international Gabii Project, to systematically excavate and study the site. Mogetta became the director of this research group last year.

Next Steps in Excavation and Investigation

Supported by the General Directorate of Museums in Italy, the Gabii Project plans to continue excavating the basin and the surrounding stone-paved zone next summer. Researchers also intend to study a nearby "anomaly" detected through thermal imaging. Early indications suggest it could be a temple or another large civic structure.

"If it's a temple, it could help us explain some of the artifacts we've already found in the abandonment levels of the basin, such as intact vessels, lamps, perfume containers and cups inscribed with unusual markings," Mogetta said. "Some of these objects may have been deliberately placed there as religious offerings or discarded in connection with the ritual closing of the pool around 50 C.E. -- thus underscoring the crucial role played by water management in ancient cities."

The continuation of the Gabii Project aims to protect the site's heritage while allowing scholars and visitors to better understand its history.




Unanswered Questions About Early Roman Society

One major question researchers hope to address is whether civic areas were developed before religious buildings, or the other way around. The answer could shed light on whether political activities or spiritual practices held greater influence in shaping the earliest Roman monumental landscapes.

By gathering evidence from the basin and surrounding structures, Mogetta and his team aim to reconstruct the full story of Gabii, from its growth and height of power to its later decline. Their work also contributes to a broader understanding of early Roman architecture and how it helped shape the urban world that followed.
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A lost Amazon world just reappeared in Bolivia | ScienceDaily
In September 2021, a team of specialists traveled to one of the least-documented areas of the Bolivian Amazon: the Great Tectonic Lakes of Exaltacion in the department of Beni. The expedition, organized by the Grupo de Trabajo para los Llanos de Moxos (GTLM), brought together experts from the Wildlife Conservation Society, the National Museum of Natural History, the Institute of Ecology, the Biodiversity and Environment Research Center, the Aquatic Resources Research Center, and the Department of Anthropology of the Americas at the University of Bonn.


						
In the southwestern Amazon, the tectonic Lakes Rogaguado and Ginebra reveal a landscape shaped by generations of human innovation. Beneath the open grasslands and shallow waters lie the remains of extensive earthworks, raised agricultural fields, and interconnected canals that reflect a long history of people adapting to a dynamic environment.

These lakes sit within the Municipal Protected Area of Grandes Lagos Tectonicos de Exaltacion and form part of the Rio Yata Ramsar wetland complex, which is recognized by UNESCO for both its ecological and cultural value. Set in the Llanos de Moxos, a vast network of savannas, gallery forests, and floodplains that make up the largest wetland system in the Amazon basin, this area has inspired curiosity for centuries. Ethnohistorical accounts even linked it to the legendary 'Land of Paititi.' Only recently has its deep human past begun to come into clearer view.

Mapping a Long History of Settlement

Using a combination of surveys, excavations, and LiDAR imaging, the research team documented several archaeological sites: Paquio, Coquinal, Isla del Tesoro, and Jasschaja. Each site represents a different stage in the long sequence of habitation across this region.

Radiocarbon dates reveal repeated occupations from roughly 600 to 1400 CE. Findings at Paquio show an early settlement beginning around 600 CE, followed by a more intensive occupation between 1000 and 1200 CE. This later phase included shell middens, dense ceramic refuse, and a sophisticated system of canals and raised fields connected to maize-based farming. Jasschaja, which dates from 1300 to 1400 CE, reflects broader landscape alterations and greater botanical diversity, suggesting intensified forest and crop management during its occupation.

Innovations in Water Management and Agriculture

The terrain of the Llanos de Moxos is filled with geometric forms that reveal themselves on closer inspection. Circular and rectangular ditches, drainage channels, raised planting platforms, and clusters of mounds create a complex network designed for water control and cultivation. These structures were built to regulate seasonal flooding, guide water flow, and create stable areas for living and farming within a wetland that changes dramatically throughout the year.




Their many shapes, ranging from geometric enclosures to long elevated fields, indicate that there was no single standardized design. Instead, they represent centuries of experimentation as communities responded to shifting ecological and social conditions. Together, these features highlight the cultural diversity and long-term resilience of the people who developed them.

Excavations at Paquio and Jasschaja also revealed details about a varied pre-Hispanic diet that relied on wetland resources. Fish such as wolf fish, peacock bass, and South American lungfish were especially common, accompanied by reptiles including caimans and turtles, and mammals such as capybaras, pacas, and armadillos. Plant remains show the use of maize, legumes, and multiple palm species -- moriche palm, corozo palm, cumare palm, totai palm, palmita, and peach palm. Together, these remains point to a balanced subsistence strategy that combined fishing, hunting, gathering, and farming.

Biocultural Knowledge and Indigenous Leadership

The Cayubaba and Movima communities continue to live in these landscapes, where rich biodiversity is deeply connected to cultural heritage. Their long-standing presence and environmental knowledge help maintain a unique form of biocultural heritage in which ecological and cultural diversity have developed side by side over many generations.

During the post-Covid-19 field seasons, collaboration with local communities was rooted in open communication and mutual respect. Representatives of the Cayubaba Indigenous Council, which includes 21 Cayubaba and Movima communities, assisted researchers in identifying areas for study, providing access to culturally important places, and specifying sites that should not be disturbed. While interactions were limited for health reasons, this partnership ensured that the research reflected community priorities and contributed to a fuller understanding of the living heritage of the region.

Through the GTLM, Indigenous leaders and scientists are working together to link archaeological and ecological research with conservation initiatives. These efforts emphasize that the Llanos de Moxos is not only a center of biodiversity but also a landscape shaped through long human histories, and they support continued management of the Yata River Ramsar site and the protected areas connected to it.




Lessons From the Past for a Changing Amazon

As deforestation, expanding agriculture, and climate change put increasing pressure on the Amazon, the landscapes around Lakes Rogaguado and Ginebra highlight the importance of sustainable land-use traditions. Archaeological evidence shows that past communities developed flexible ways of living that combined farming, fishing, and forest management. Rather than seeking to control or overexploit the environment, they adapted to its seasonal cycles and used periodic flooding as an opportunity.

Although raised-field agriculture eventually ended -- likely because of population decline and social upheaval after European colonization -- this does not diminish the effectiveness of these systems. For centuries, communities maintained productive landscapes by working with the region's natural rhythms. Their practices challenge modern assumptions about what counts as "development" and remind us that resilience often emerges from diversity: of species, of knowledge, and of cultural traditions.

Protecting this biocultural heritage is now a global responsibility. The wetlands of the Llanos de Moxos continue to store carbon, moderate water systems, and support a wide range of species. Conservation efforts must also respect the people who have cared for these landscapes for generations. In this way, archaeology becomes more than a study of the past; it becomes a means of reconnecting ancient knowledge with today's urgent debates about sustainability and environmental justice.

The Llanos de Moxos demonstrate that the Amazon has always been a place where people and nature have shaped one another. Its monumental earthworks, forest islands, and living cultural traditions suggest that part of our shared future may depend on listening more closely to these landscapes that remember.
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New 3D scan reveals a hidden network of moai carvers on Easter Island | ScienceDaily

Rapa Nui is widely recognized for its hundreds of stone statues (moai), crafted by Polynesian settlers beginning in the 13th century. Archaeological work has repeatedly shown that the island was home to many small family groups rather than a unified political system. This background has prompted researchers to explore whether the carving of moai followed the same decentralized structure.

High-Resolution 3D Modeling Reveals 30 Quarry Work Zones

For this study, scientists gathered more than 11,000 photographs of Rano Raraku, the primary moai quarry. These images were merged into a detailed 3D reconstruction that captured hundreds of moai preserved in different stages of production. After analyzing the model, the team identified 30 distinct quarrying areas, each showing unique carving approaches. Additional clues indicate that completed or partially shaped moai were moved away from the quarry along several different paths. Taken together, these patterns suggest that statue creation reflected the island's broader social organization, with carving efforts carried out independently rather than through centralized oversight.

New Evidence Challenges Long-Held Assumptions

The findings call into question the idea that projects of this scale require strict hierarchy or a single coordinating authority. Similarities between moai appear to come from the sharing of cultural knowledge instead of coordinated, joint labor. The new quarry model also provides a valuable dataset that can support future investigations and guide cultural management at this UNESCO World Heritage site. The same methods used here can also be applied to study other archaeological locations.

The authors explain: "Much of the so-called "mystery" of Rapa Nui (Easter Island) comes from the lack of openly available, detailed evidence that would allow researchers to evaluate hypotheses and construct explanations. Here, we present the first high-resolution 3D model of the moai quarry at Rano Raraku, the central quarry for nearly 1,000 statues, offering new insights into the organizational and manufacturing processes of these giant megalithic figures."

Fieldwork for this research was supported by a National Science Foundation grant (Award #2218602). The funders had no involvement in study design, data collection and analysis, decisions related to publication, or manuscript preparation.
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Millions are about to choose the wrong Medicare plan | ScienceDaily
Right now, 68  million Americans have a deadline coming up: the deadline to decide  their Medicare health coverage for next year if they're over age 65 or  have major disabilities.


						
They must make those decisions by December 7, for coverage beginning January 1, 2026, which makes this time, known as Medicare Open Enrollment, a very important time.

And  yet, University of Michigan research has shown that many people covered  by Medicare don't take key steps during Open Enrollment that could save  them money, headaches and worry.

Based  on that research, here are five tips for everyone who has Medicare -  and the family members and friends who can help them with their choices.

Use the tools

The official Medicare website  has a lot of easy-to-understand and straightforward tools to help  anyone understand their Medicare coverage options, and explore the  options open to them or their loved ones.

But only 33% of people with Medicare used the Internet at all to explore their options, according to a recent U-M study.




That's even though the choices can be dizzying: many people have dozens of options.  Nearly all people have more than 10 Medicare Advantage plans to choose from, as well as multiple Part D prescription drug and Medigap supplemental plans to choose from if they opt for traditional Medicare.

The Medicare Plan Compare site is the place to start, and you can  start on the Your Medicare Options page.

It's  available even during the government shutdown, because the  plan-navigation tools on it were built before the shutdown began.

Using  the Plan Compare site, you can see which Medicare Advantage and Part D  prescription drug plans serve your area, what services or drugs they  cover, what they charge for monthly premiums and for copays and other  costs when you get health care or fill a prescription, and what the  plan's overall star rating is.

If  you have a Medicare Advantage plan now, using the Plan Compare tool  will also show you if your current plan will still be available next  year.

Some plans are ending or combining with others.




You  can also enter your prescription drug names and doses to see what they  will cost you on different Part D plans, and whether pharmacies near you  are in-network.

This  includes the Part D drug coverage in many Medicare Advantage plans, as  well as standalone Part D plans for people who choose traditional  Medicare.

U-M researchers showed that using the prescription drug tool to compare estimated costs could save people a lot of money.

They  did the study before the annual cap on Medicare prescription costs took  effect in 2025, but still feel it's important for everyone with  Medicare drug coverage to use the tool.

If  you need help navigating the Plan Finder site, or signing up for an  account that will help you get the most use out of it, don't be afraid  to ask a friend, family member or neighbor. Or use the independent help  described in Tip 2, below.

"Given  changing clinical circumstances and the fact that insurance plan costs  and benefits are often modified from year to year, it is very important  that people with Medicare coverage use the available tools during Open  Enrollment to identify a plan that best meets their medical needs and  fits their financial situation," said A. Mark Fendrick, M.D., director  of U-M's center for Value Based Insurance Design.

Get independent help

Half of people with Medicare get their coverage through Medicare Advantage plans run by insurance companies.

And  of the other half, who choose traditional Medicare, nearly half get  Part D prescription drug plans and "Medigap" add-on plans from private  insurance companies.

Those  insurance companies send out a lot of mail and email at this time of  year, trying to persuade people to choose their plans.

They  make phone calls, pay for advertising and even hold events where  participants get a free meal in exchange for listening to the sales  pitch for that plan.

They do all this because they make money on enrollees who are healthier and don't use their insurance a lot.

Then  there are insurance brokers and agents - people who do one-on-one  consultations, but are paid for every person they sign up for a  particular company's plan.

While  all of this can inform your decision, these aren't independent sources  of information. However, there is an independent source: your State Health Insurance Assistance Program, or SHIP.

Each state has one, with paid staff and trained volunteers who don't have a financial stake in which plan you choose.

You can find your state's SHIP program here.

"With  the overwhelming number of plans and the vast amount of information  available, it's essential to remember that free help is available," said  Lianlian Lei, Ph.D., who has studied Medicare enrollment by older  adults and is an assistant professor in the U-M Medical School's  Department of Psychiatry.

"Seeking independent, unbiased assistance is crucial to making the best choice," she added.

Because  SHIP programs don't have the marketing dollars that insurance companies  and brokers do, many people don't know about them.

In fact, a recent U-M poll showed that 75% of older adults have never heard of SHIP, and another 21% have heard of it but haven't used it.

Only 4% of older adults had used SHIP services, even though they're available for free to anyone eligible for Medicare.

In Michigan, anyone can reach the state SHIP program by calling 1-800-803-7174 from 8 a.m. to 8 p.m., Monday through Friday.

You'll  speak with an agent who can schedule an appointment or provide a  referral to a trained, certified counselor in their community.

Not only that, the staff at this help line, called MiOptions, can also help older adults and their caregivers find out what other assistance they might qualify for.

You  may also find trained SHIP volunteers offering free in-person  counseling sessions at your local public library or senior center; check  the events listings to see if any are coming up and how to make an  appointment.

Interested in learning how to offer this kind of independent help to others as a SHIP volunteer? Visit this page.

Look at the total package, not just the monthly premiums

When choosing any insurance, a lot of people focus on the monthly premium, and not on the total package of coverage.

This is true for Medicare too.

When you use the Medicare Plan Compare tool, you can see monthly premiums for different Medicare Advantage plans side-by-side.

But  you can also see things like co-pays and other costs, which can vary a  lot depending on how much health care a person actually uses.

The Plan Compare tool does not allow you to compare Medicare Advantage to traditional Medicare plus any add-on plans you choose.

So, you'll want to note these costs for traditional Medicare, and then explore the Part D prescription drug plans and Medigap plans available in your area.

And  remember, even if a Medicare Advantage plan says it has a $0 premium,  that's just for the coverage it provides beyond Part B.

Unless  the plan includes a Part B premium reduction, which most don't, you  will still need to pay a monthly premium of at least $185, or more if  you have a higher income.

Sometimes  a plan with a higher monthly premium has lower out-of-pocket costs due  at the time of care, or a lower cap on total out-of-pocket costs that  you could owe each year.

The National Council on Aging has a great guide to all of these kinds of costs.

When  choosing a Part D prescription drug plan or a Medigap plan to go with  traditional Medicare coverage, it's also important to compare options,  based on the medications you take or whether you travel a lot or live in  a second location during part of the year.

But surprisingly, U-M research shows it  isn't cost but access to care providers, and dissatisfaction with  quality of care, that drive most people to switch Medicare Advantage  plans.

Access  to care is also the biggest driver for people leaving Medicare  Advantage to switch to traditional Medicare, the study found.

That's why it's important to look at the star ratings that Medicare Advantage and Part D prescription plans have earned from past members' opinions of them.

It's  also important to look at the networks of hospitals, doctors and other  providers that each Medicare Advantage plan will allow you to go to, or  the restrictions on specific drug classes that Part D plans might  impose.

This kind of information is only available on each plan's website.

The same research team has also looked at Medicare's "revolving door" and the patterns of switching to and from the different forms of Medicare.

One  item they note: Most states do not require insurers to ensure that  people have the right to purchase Medigap plans regardless of their  health status, except for an initial period after they enroll in  Medicare for the first time.

This  can result in Medicare Advantage "lock-in" for individuals with costly  care needs, meaning they are unable to obtain Medigap coverage to help  offset high out-of-pocket costs in traditional Medicare.

So,  if you have significant health issues and have been in a Medicare  Advantage plan, but you are thinking of switching to traditional  Medicare, it's important to understand if you'll be able to get an  affordable Medigap plan to cover costs that traditional Medicare doesn't  cover.

If you have a low income, see if you're eligible for extra assistance

For  older adults and people with disabilities who have limited incomes,  there are new programs and supports available for 2026, on top of the  ones already in place in 2025.

Some of them are automatic, but some require you to apply for them.

You can get help understanding all of the options open to you by contacting the SHIP program for your state (see above).

But here are some major ones to be aware of:
    	Medicaid and Medicare together:  Certain people are what's called "dually eligible" because they are old  or disabled enough to qualify for Medicare, and have incomes low enough  or disabilities serious enough to qualify for Medicaid.     Each state has its own rules for qualifying for Medicaid; visit this page to learn more and use this page to find your state's Medicaid agency contact information.  
    If you do qualify for both Medicare and Medicaid, the Medicaid program may help pay some of your Medicare costs.     Your state's Medicaid agency can tell you more.     Also,  if you have Medicaid coverage, with or without Medicare, it's important  to know that you have to re-qualify every year; U-M research shows that  many people don't know this.
    	Medicare Savings Programs: There are four different programs available to people with limited resources and incomes.     Visit this page to learn more; contact your state's agency to learn how to enroll.
    	Help with drug costs through the Extra Help program: This  program for Part D drug programs gives people with limited incomes and  assets coverage for their medications with no monthly premium, no  deductibles and low costs for drugs they get at pharmacies. Some people  get enrolled automatically, but others may apply.
    	Help with drug costs through the Medicare Prescription Payment Program:  This program, open to anyone who has Part D prescription drug coverage  through Medicare, allows you to smooth out your prescription costs over  the year, so you don't get a "spike" that might not be affordable.     Learn more here.  It's important to note that this program is one that you have to enroll  in yourself, through your Part D drug plan provider, and you need to  renew it every year; you do not get enrolled automatically.
    	PACE program:  The Program of All-inclusive Care for the Elderly, or PACE, aims to  support home-based living for adults age 55 and older who are eligible  for both Medicare and Medicaid and who need nursing-home level care.     It covers the cost of services beyond what Medicare and Medicaid cover. Find out if it's available in your area here.
    	Special needs plans: These are special  Medicare plans for people who are dually eligible for Medicare and  Medicaid; people with certain major health conditions including cancer,  heart failure, dementia, diabetes, disabling mental health conditions,  stroke, and others; and people who need nursing-home-level care for any reason.

You  can find out if there's one serving your area, and whether you might  qualify, using the Plan Compare tool or by contacting your state's SHIP  program.

Don't assume you and your spouse or partner should have the same plan

If you are married or live with a partner, your instinct might be to enroll in the same plan as them for convenience.

But that's not always the best choice.

Your health needs, and your spouse's or partner's needs, may be very different. One of you might be retired, the other working.

Or maybe you have different coverage related to your past employment or military service.

If one of you has dementia, for instance, there may be special plans and programs that could cover more services.

But U-M research showed that people with and without dementia make very similar Medicare Advantage choices, which may mean they aren't examining all their options.

No  matter what your health status, and your spouse or partner's health  status, it's still important to make individual choices when it comes to  Medicare Open Enrollment.

U-M research has shown, though, that many people with Medicare Advantage coverage are making changes to their coverage in sync with their spouse or partner.

The  Medicare online tools don't have a "couples" setting, so each person  should go through the process by inputting their information.

You could seek SHIP counseling together, but you may have to make two appointments depending on the program in your area.

Bonus tip about Medicare enrollment

Even if you make a choice during Medicare Open Enrollment, you may not be stuck with that choice for all of 2026.

For  instance, if you choose a Medicare Advantage plan, but then realize in  early 2026 that it's not right for you, you will have until March 31 to choose a different Medicare Advantage Plan or move to traditional Medicare.

And  if you have a major change in your income, employment, address, or  living situation during 2026, you may become eligible for a Special Enrollment Period that will allow you to change plans.

This  article contains information based on research by, and expertise from,  experts who are part of the U-M Institute for Healthcare Policy and  Innovation, including Lianlian Lei, Ph.D., U-M Medical School Department  of Psychiatry; Geoffrey Hoffman, Ph.D., U-M School of Nursing; Kristian  Stensland, M.D., M.P.H., M.S., U-M Medical School Department of  Urology; and A. Mark Fendrick, M.D., and Renuka Tipirneni, M.D., M.Sc.,  U-M Medical School Department of Internal Medicine, Division of General  Medicine. Data on awareness of SHIP comes from the National Poll on  Healthy Aging, based at IHPI.
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A backwards Bible map that changed the world | ScienceDaily
The first Bible to include a map of the Holy Land appeared in 1525, exactly 500 years ago. The map had a major flaw: it was printed the wrong way round, showing the Mediterranean to the East. Despite this error, a new Cambridge study explains that the map's appearance in print helped set in motion ideas about territory and borders that still influence thinking today.


						
"This is simultaneously one of publishing's greatest failures and triumphs," says Nathan MacDonald, Professor of the Interpretation of the Old Testament at the University of Cambridge.

"They printed the map backwards so the Mediterranean appears to the east of Palestine. People in Europe knew so little about this part of the world that no one in the workshop seems to have realized. But this map transformed the Bible forever and today most Bibles contain maps."

How a Renaissance Map Reframed the Bible

In research published on November 29 in The Journal of Theological Studies, MacDonald argues that the map created by Lucas Cranach the Elder and printed in Zurich did more than update biblical layouts for the Renaissance. It also helped shape early thinking about territorial organization.

"It has been wrongly assumed that biblical maps followed an early modern instinct to create maps with clearly marked territorial divisions," MacDonald says. "Actually, it was these maps of the Holy Land that led the revolution.

"As more and more people gained access to Bibles from the 17th century, these maps spread a sense of how the world ought to be organized and what their place within it was. This continues to be extremely influential."

Rare Survivors of the 1525 Edition




Very few copies of Christopher Froschauer's 1525 Old Testament still exist. Trinity College Cambridge's Wren Library holds one of the remaining examples (see image).

Inside this edition, Cranach's map presents the stations of the wilderness wanderings and the division of the Promised Land into twelve tribal regions. These divisions were a distinctly Christian interpretation, expressing a claim to the sacred sites of both the Old and New Testaments. Cranach's work drew on medieval mapping traditions where Israel appeared as long, narrow strips of land, reflecting earlier reliance on the 1st century AD Jewish historian Josephus, who simplified conflicting biblical descriptions.

According to MacDonald, "Joshua 13-19 doesn't offer an entirely coherent, consistent picture of what land and cities were occupied by the different tribes. There are several discrepancies. The map helped readers to make sense of things even if it wasn't geographically accurate."

Mapping the Bible in the Swiss Reformation

A literal interpretation of scripture was especially important in the Swiss Reformation, which is why, MacDonald explains, "It's no surprise that the first Bible map was published in Zurich."

MacDonald, a Fellow of St John's College Cambridge, notes that as interest in literal readings increased, maps became a tool to show that biblical events unfolded in identifiable places and real time.




In a Reformation context where certain religious images were restricted, maps of the Holy Land became acceptable visual aids and took on devotional significance.

"When they cast their eyes over Cranach's map, pausing at Mount Carmel, Nazareth, the River Jordan and Jericho, people were taken on a virtual pilgrimage," MacDonald says. "In their mind's eye, they traveled across the map, encountering the sacred story as they did so."

A Turning Point in the Bible's Long Evolution

MacDonald argues that the addition of Cranach's map was a major milestone in the Bible's development and deserves more recognition. Other key moments include the shift from scrolls to bound books, the 13th century creation of the first portable one-volume Bible (The Paris Bible), the introduction of chapters and verses, new Reformation prefaces, and the 18th century recognition of prophetic writings as Hebrew poetry. "The Bible has never been an unchanging book," MacDonald says. "It is constantly transforming."

How Biblical Maps Helped Create Modern Borders

In medieval maps, the tribal divisions of the Holy Land symbolized spiritual inheritance for Christians. By the late fifteenth century, however, the lines originally drawn in biblical maps began spreading into maps of the wider world. These lines came to represent political borders. At the same time, these new ideas about political authority were read back into biblical texts.

"Bible maps delineating the territories of the twelve tribes were powerful agents in the development and spread of these ideas," MacDonald says. "A text that is not about political boundaries in a modern sense became an instance of God's ordering of the world according to nation-states."

"Lines on maps started to symbolize the limits of political sovereignties rather than the boundless divine promises. This transformed the way that the Bible's descriptions of geographical space were understood."

"Early modern notions of the nation were influenced by the Bible, but the interpretation of the sacred text was itself shaped by new political theories that emerged in the early modern period. The Bible was both the agent of change, and its object."

Why These Ideas Still Matter

"For many people, the Bible remains an important guide to their basic beliefs about nation states and borders," MacDonald says. "They regard these ideas as biblically authorized and therefore true and right in a fundamental way."

MacDonald points to a recent US Customs and Border Protection recruitment film in which a border agent quotes Isaiah 6:8 -- 'Then I heard the voice of the Lord saying, "Whom shall I send? And who will go for us?"' -- while flying above the US-Mexico border in a helicopter.

Professor MacDonald is concerned that many people continue to treat modern borders as if they were clearly defined in scripture. "When I asked ChatGPT and Google Gemini whether borders are biblical, they both simply answered 'yes'. The reality is more complex," he says.

"We should be concerned when any group claims that their way of organizing society has a divine or religious underpinning because these often simplify and misrepresent ancient texts that are making different kinds of ideological claims in very different political contexts."
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Seven-year study uncovers the holy grail of beer brewing | ScienceDaily
For many people, a glass of beer feels incomplete without a thick, creamy layer of foam resting on top. Yet anyone who enjoys beer knows that this foam often disappears quickly, collapsing before the first sip. Some varieties, however, manage to hold their foam for a surprisingly long time.


						
Researchers at ETH Zurich, led by Jan Vermant, Professor of Soft Materials, have uncovered the scientific explanation for these differences. Their work, published in the journal Physics of Fluids, is the result of seven years of detailed investigation. The idea for the study began with a straightforward question posed to a Belgian brewer: "How do you control brewing?" The brewer's answer was brief but revealing: "By watching the foam."

The research team now has a solid grasp of the forces and structures responsible for long-lasting beer foam, offering new insight into what keeps a beer's head intact.

Tripel, Dubbel, and Singel: Which Foams Hold Up Best

In their analysis of Belgian ales, the scientists found a clear hierarchy. "Tripel" beers produced the most stable foam, followed by "Dubbel" beers, while "Singel" beers had the least durable head due to milder fermentation and lower alcohol content.

The team also evaluated two lagers from large Swiss breweries. Although these lagers can achieve foam stability similar to Belgian ales, the physics behind them vary significantly. One lager performed noticeably worse than expected. As Vermant notes, "There is still room for improvement -- we are happy to help."

For many years, scientists believed that beer foam mainly stayed intact because of protein-rich layers that formed around each bubble. These proteins, which come from barley malt, can influence how easily the bubble surface flows (its surface viscosity) and its surface tension.




However, the new experiments show that foam stability is more complex than previously thought, and highly dependent on beer style.

How Proteins and Surface Forces Shape Foam Stability

In lager beers, foam stability is controlled by surface viscoelasticity. This property depends heavily on both the amount of protein in the beer and how these proteins denature. Higher protein levels result in a stiffer film surrounding the bubbles, which helps the foam last longer.

"Tripel" beers, by contrast, rely very little on surface viscoelasticity. Instead, they maintain foam through Marangoni stresses -- forces created when variations in surface tension generate movement across a liquid's surface.

A simple demonstration of this effect involves placing crushed tea leaves on water. At first, the pieces float evenly. When a drop of soap lands on the surface, the leaves are suddenly pulled outward, and swirling currents begin. When these currents persist, they help steady the bubbles, similar to what happens in "Tripel" foam.

Inside the Bubble Shells: Why Different Beers Behave Differently

The researchers found that foam stability depends on the structure and behavior of the protein-rich shells that surround each bubble. In Belgian "Singel" beers, these shells behave as though many small, spherical particles are tightly packed across the bubble surface. This resembles a two-dimensional suspension (a mixture of a liquid and very fine solids), which helps maintain foam.




"Dubbel" beers show a different pattern. Their proteins create a mesh-like membrane that strengthens the bubbles even more. "Tripel" beers again stand apart, with bubble dynamics resembling those of simple surfactants, the molecules commonly used to stabilize foams in everyday products.

The precise reasons for these differences have not been fully determined. Still, one protein, LTP1 (lipid transfer protein 1), appears to play a major role. The ETH researchers confirmed this by examining both the structure and concentration of LTP1 in the Belgian samples.

Partnering With a Major Brewery to Improve Foam Quality

Vermant emphasizes that foam stability is not influenced in a straightforward or linear way. "The stability of the foam does not depend on individual factors in a linear manner. You can't just change one thing and get it right." As an example, adding more surfactants to increase viscosity may actually destabilize the foam because it interferes with Marangoni effects. "The key is to work on one mechanism at a time -- and not on several at once. Beer obviously does this well by nature!" he explains.

The ETH team partnered with one of the largest breweries in the world to better understand foam stability and identify what actually keeps beer foam from collapsing. "We now know the precise physical mechanism and are able to help the brewery improve the foam on their beers," says Vermant.

He notes that, in Belgium, foam is valued for both taste and the overall drinking experience. "But foam isn't always important wherever beer is served -- it's a cultural thing."

Beyond Brewing: Foam Science in Industry and the Environment

The research has practical implications far beyond the brewing world. In electric vehicles, lubricants can begin to foam, which poses serious risks. Vermant's group is now working with Shell and other partners to understand how to break down these foams efficiently.

Another key objective is the development of environmentally friendly surfactants that do not rely on fluorine or silicon. "Our study is an important step in this direction," Vermant says.

The team is also investigating foams as carriers for bacterial systems as part of an ongoing EU project. In collaboration with food researcher Peter Fischer from ETH Zurich, they are studying how proteins can help stabilize milk foam. As Vermant concludes, "So there are many areas where the knowledge we have gained from beer is proving useful."
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A strange ancient foot reveals a hidden human cousin | ScienceDaily
Thanks to newly discovered fossil bones, scientists have now been able to match an enigmatic 3.4-million-year-old hominin foot, first found in 2009, to a species that is different from the famous fossil Lucy. This link strengthens the case that two separate species of early human ancestors were living in the same region at the same time.


						
In 2009, a research team led by Arizona State University paleoanthropologist Yohannes Haile-Selassie uncovered eight bones from the foot of an ancient human ancestor in 3.4-million-year-old sediments in the Afar Rift of Ethiopia. The fossil, known as the Burtele Nature Foot, was recovered at the Woranso-Mille paleontological site and was formally introduced in a 2012 publication.

"When we found the foot in 2009 and announced it in 2012, we knew that it was different from Lucy's species, Australopithecus afarensis, which is widely known from that time," said Haile-Selassie, director of the Institute of Human Origins (IHO) and a professor in the ASU School of Human Evolution and Social Change.

"However, it is not common practice in our field to name a species based on postcranial elements -elements below the neck -- so we were hoping that we would find something above the neck in clear association with the foot. Crania, jaws and teeth are usually the elements used in species recognition."

Connecting the Burtele Foot to Australopithecus deyiremeda

When the Burtele foot was first described, some teeth had already been recovered from the same general area. However, scientists were unsure whether those teeth came from exactly the same sediment layer as the foot. In 2015, the team announced a new species from the region, Australopithecus deyiremeda, but did not yet assign the Burtele foot to this species, even though some of the fossils were found very close to the foot, explained Haile-Selassie.

Over the next decade, repeated field seasons and additional fossil discoveries allowed the team to build a stronger picture. Haile-Selassie said they now have enough material to confidently link the Burtele foot with the species A. deyiremeda.




Two Hominin Species Sharing the Same Landscape

The decision to place the Burtele foot in a specific species is only one part of a larger story. The Woranso-Mille site is especially important because it provides clear evidence that two closely related hominin species were living in the same area at the same time.

The Burtele foot, now associated with A. deyiremeda, is considered more primitive than the feet of Lucy's species, A. afarensis. Unlike Lucy, the Burtele foot kept an opposable big toe, which would have been useful for climbing. On the ground, however, A. deyiremeda still walked on two legs and appears to have pushed off primarily from the second toe rather than the big toe, which is how modern humans typically walk.

"The presence of an abducted big toe in Ardipithecus ramidus was a big surprise because at 4.4 million-years-ago there was still an early hominin ancestor which retained an opposable big toe, which was totally unexpected," said Haile-Selassie.

"Then 1-million-years later, at 3.4-million-years ago, we find the Burtele foot, which is even more surprising. This is a time when we see species like A. afarensis whose members were fully bipedal with an adducted big toe. What that means is that bipedality -- walking on two legs -- in these early human ancestors came in various forms. The whole idea of finding specimens like the Burtele foot tells you that there were many ways of walking on two legs when on the ground, there was not just one way until later."

Isotope Evidence Highlights Different Hominin Diets

To better understand what A. deyiremeda ate, Naomi Levin, a professor at the University of Michigan, analyzed eight of the 25 teeth recovered from the Burtele area using isotope techniques. The method begins with cleaning the tooth surface and then carefully removing only the enamel for testing.




"I sample the tooth with a dental drill and a very tiny (< 1mm) bit -- this equipment is the same kind that dentists use to work on your teeth," said Levin. "With this drill I carefully remove small amounts of powder. I store that powder in a plastic vial and transport it back to our lab at the University of Michigan for isotopic analysis."

The findings were unexpected.

While Lucy's species appears to have had a mixed diet, using both C3 (resources from trees and shrubs) and C4 plants (tropical grasses and sedges), A. deyiremeda relied more heavily on C3 resources.

"I was surprised that the carbon isotope signal was so clear and so similar to the carbon isotope data from the older hominins A. ramidus and Au. anamensis," said Levin. "I thought the distinctions between the diet of A. deyiremeda and A. afarensis would be harder to identify but the isotope data show clearly that A. deyiremeda wasn't accessing the same range of resources as A. afarensis, which is the earliest hominin shown to make use of C4 grass-based food resources."

Dating Fossils and Reconstructing Ancient Environments

Another crucial part of the research involved pinning down the age of the fossils and reconstructing the ancient environments in which these hominins lived. Establishing how the fossil layers line up over space and time helps scientists understand when, and under what conditions, each species existed.

"We have done a tremendous amount of careful field work at Woranso-Mille to establish how different fossil layers relate, which is crucial to understanding when and in what settings the different species lived," said Beverly Saylor, professor of earth, environmental and planetary sciences at Case Western Reserve University. Saylor led the geological work that established the stratigraphic association between the foot and Au. deyiermeda.

Juvenile Jaw Offers Clues to Growth and Development

Alongside the 25 teeth recovered from Burtele, Haile-Selassie's team also discovered the jaw of a juvenile individual that, based on tooth anatomy, clearly belonged to A. deyiremeda. According to Gary Schwartz, IHO research scientist and professor at the School of Human Evolution and Social Change, this jaw contained a complete set of baby teeth already in place, as well as many adult teeth still developing deep inside the lower jawbone.

The researchers used CT scanning technology to visualize all of the developing teeth. Because tooth development is closely linked to overall growth patterns, this information helped the team estimate that the youngster was about 4.5 years old at the time of death.

"For a juvenile hominin of this age, we were able to see clear traces of a disconnect in growth between the front teeth (incisors) and the back chewing teeth (molars), much like is seen in living apes and in other early australopiths, like Lucy's species," said Schwartz.

"I think the biggest surprise was despite our growing awareness of how diverse these early australopith (i.e., early hominin) species were -- in their size, in their diet, in their locomotor repertoires and in their anatomy -- these early australopiths seem to be remarkably similar in the manner in which they grew up."

How Ancient Hominins Lived Together

By combining information about movement (locomotion), diet and environment, scientists are gaining new insight into how different hominin species could live in the same region without one driving the other to extinction. Differences in how they walked, climbed and fed may have allowed them to share the landscape by using it in distinct ways.

"All of our research to understand past ecosystems from millions of years ago is not just about curiosity or figuring out where we came from, said Haile-Selassie. "It is our eagerness to learn about our present and the future as well."

"If we don't understand our past, we can't fully understand the present or our future. What happened in the past, we see it happening today," he said. "In a lot of ways, the climate change that we see today has happened so many times during the times of Lucy and A. deyiremeda. What we learn from that time could actually help us mitigate some of the worst outcomes of climate change today."

Publication, Research Team and Funding

The paper, "New finds shed light on diet and locomotion in Australopithecus deyiremeda," appears in the journal Nature. The international research team included scientists from Arizona State University, Washington University, St. Louis, Case Western Reserve University, Berkeley Geochronology Center, Universitat de Barcelona, University of Tampa and University of Michigan. The full list of authors are: Yohannes Haile-Selassie, Gary T. Schwartz, Thomas C. Prang, Beverly Z. Saylor, Alan Deino,Luis Gibert, Anna Ragni and Naomi E. Levin.

Funding for this work came from the National Science Foundation and the W.M. Keck Foundation. Field and laboratory research in Ethiopia was made possible through the support of the Ethiopian Heritage Authority.
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      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Hornet-eating frog shows remarkable venom resistance
        Experiments reveal that pond frogs can eat highly venomous hornets without suffering noticeable damage, even after repeated stings. Most frogs successfully consumed hornets, including the notorious Asian giant hornet. This unusual resilience suggests that frogs may have evolved mechanisms to block the effects of venom. Their resistance could help scientists uncover new insights into pain and toxin tolerance.

      

      
        Scientists capture flu viruses surfing into human cells in real time
        Scientists have captured a never-before-seen, high-resolution look at influenza's stealthy invasion of human cells, revealing that the cells aren't just helpless victims. Using a groundbreaking imaging technique, researchers discovered that our cells actually reach out and "grab" the virus as it searches for the perfect entry point, surfing along the membrane.

      

      
        Doomed ants send a final scent to save their colony
        Ant pupae that are fatally sick don't hide their condition; instead, they release a special scent that warns the rest of the colony. This signal prompts worker ants to open the pupae's cocoons and disinfect them with formic acid, stopping the infection before it can spread. Although the treatment kills the sick pupa, it protects the colony and helps ensure its long-term survival. Researchers found that only pupae too sick to recover send this scent, showing just how finely tuned the colony's earl...

      

      
        Scientists discover why anacondas stayed giants for 12 million years
        Ancient anaconda fossils show that the snakes became giants soon after emerging in Miocene South America. Their size has stayed stable for over 12 million years, even though other huge reptiles went extinct. Surprisingly, warmer periods didn't make anacondas bigger--just more widespread. Today they remain large thanks to surviving patches of ideal wetland habitat.

      

      
        A tiny ocean worm just revealed a big secret about how eyes evolve
        Scientists found that adult bristleworm eyes grow continuously thanks to a rim of neural stem cells similar to those in vertebrate eyes. This growth is surprisingly regulated by environmental light via a vertebrate-like c-opsin. The discovery reveals deep evolutionary parallels between distant species and raises questions about how light shapes nervous systems beyond vision. It hints at hidden complexity in creatures long assumed to be simple.

      

      
        Ancient long snouted croc from Egypt rewrites evolution
        A newly identified crocodile relative from Egypt pushes back the origins of the marine-hunting dyrosaurids by millions of years. The fossil, Wadisuchus kassabi, shows a mix of primitive and advanced traits that mark a key evolutionary transition. Rare specimens of different ages reveal how these ancient predators developed. The find reinforces Africa as the center of early dyrosaurid evolution.

      

      
        Wild chimps consume more alcohol than anyone expected
        Chimpanzees naturally ingest surprising amounts of alcohol from ripe, fermenting fruit. Careful measurements show that their typical fruit diet can equal one to two human drinks each day. This supports the idea that alcohol exposure is not a modern human invention but an ancient primate habit. The work strengthens the "drunken monkey" hypothesis and opens new questions about how animals use ethanol cues in their environment.

      

      
        New 3D scan reveals a hidden network of moai carvers on Easter Island
        A high-resolution 3D model of Rano Raraku shows that the moai were created in many distinct carving zones. Instead of a top-down system, the statues appear to have been produced by separate family groups working independently while sharing techniques. Evidence of varied carving styles and multiple transport routes supports this decentralized picture. The results challenge old assumptions about how large-scale monument building worked on Rapa Nui.

      

      
        Scientists discover a hidden brain circuit that rewrites vision
        MIT scientists found that what we see is strongly influenced by how alert or active we are. Parts of the brain responsible for planning and control send specialized signals that either boost or quiet visual details. These areas seem to balance each other, sharpening important information while dimming distractions. The study shows vision is constantly being shaped by our internal state.

      

      
        Dinosaur mummy found with hooves and a hidden crest
        Scientists have reconstructed the most complete and lifelike profile of Edmontosaurus annectens thanks to an extraordinary preservation process called clay templating, in which a thin clay film captured the dinosaur's skin, scales, spikes, and even hooves in three dimensions. By combining newly excavated "mummies," advanced imaging, and artistic reconstruction, researchers revealed a tall crest, a single row of tail spikes, delicate pebble-like scales, and--most remarkably--the earliest known hoove...

      

      
        A backwards Bible map that changed the world
        Five hundred years ago, a Bible accidentally printed with a backwards map of the Holy Land sparked a revolution in how people imagined geography, borders, and even nationhood. Despite the blunder, the map reshaped the Bible into a Renaissance book and spread new ideas about territorial organization as literacy expanded. Over time, sacred geography evolved into political boundary-making, influencing not only early modern thought but modern attitudes about nation-states.
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Hornet-eating frog shows remarkable venom resistance | ScienceDaily
A frog with an unexpectedly strong resistance to venom has been identified, and it routinely eats hornets despite the insects' dangerous stingers. Researchers believe this species may become a useful model organism for exploring how animals develop tolerance to venom.


						
For many people, even glimpsing a hornet's stinger is enough to cause alarm. Yet certain animals, including some birds, spiders, and frogs, regularly prey on adult hornets. A hornet sting can trigger sharp pain, tissue damage, and serious systemic problems such as the destruction of red blood cells and cardiac dysfunction, any of which can be fatal. What has remained uncertain is whether hornet-eating animals actually withstand the venom or simply avoid being stung. According to Kobe University ecologist Shinji Sugiura, "Although stomach-content studies had shown that pond frogs sometimes eat hornets, no experimental work had ever examined how this occurs."

Testing Whether Frogs Endure Hornet Stings

To investigate whether pond frogs evade or tolerate these potentially lethal stings, Sugiura presented individual adult frogs with workers of three hornet species, Vespa simillima, V. analis, and V. mandarinia, in controlled laboratory trials. Each frog was tested only once and paired with hornets that matched its size, with larger frogs being paired with Asian giant hornet (V. mandarinia) workers.

As reported in the journal Ecosphere, Sugiura found clear evidence that adult pond frogs actively launched attacks on workers of all three hornet species. Even more striking, 93%, 87%, and 79% of the frogs succeeded in consuming V. simillima, V. analis, and V. mandarinia, respectively, despite being stung inside the mouth or even in the eyes. Sugiura notes that "While a mouse of similar size can die from a single sting, the frogs showed no noticeable harm even after being stung repeatedly. This extraordinary level of resistance to powerful venom makes the discovery both unique and exciting."

What Makes a Sting Painful or Lethal

Earlier research has shown that the pain caused by stinging insects does not always match the lethality of their venom. Some bees, wasps, and ants deliver extremely painful but non-lethal stings, while others inflict minimal pain despite possessing highly toxic venom. This suggests that the frogs in the study may have developed a dual resistance to both the painful and harmful effects of hornet venom, allowing them to successfully hunt and consume hornet workers.

Future Questions About Venom Tolerance

Sugiura explains that this finding raises major questions for future research. Scientists now hope to determine whether pond frogs possess physiological traits, such as physical barriers or specific proteins, that reduce the pain and toxicity of hornet venom, or whether hornet toxins are simply ineffective in amphibians that rarely attack hornet colonies. These frogs may therefore become important model organisms for studying how vertebrates develop resistance to venom and pain.

This research was funded by the Japan Society for the Promotion of Science KAKENHI (grants JP23K18027 and JP24K02099).
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Scientists capture flu viruses surfing into human cells in real time | ScienceDaily
Fever, aching limbs and a runny nose -- as winter returns, so too does the flu. The disease is triggered by influenza viruses, which enter our body through droplets and then infect vulnerable cells.


						
A research team from Switzerland and Japan has taken an exceptionally close look at how this virus behaves. Using a microscopy approach they created themselves, the scientists can zoom in on the outer surface of human cells in a Petri dish. This setup has enabled them to watch, live and in sharp detail, the moment an influenza virus penetrates a living cell.

Under the direction of Yohei Yamauchi, Professor of Molecular Medicine at ETH Zurich, the group discovered something unexpected. The cells do not simply sit idle while the influenza virus approaches. Instead, they appear to make an effort to seize it. "The infection of our body cells is like a dance between virus and cell," says Yamauchi.

Viral Surfing on the Cell Surface

Although cells gain nothing from being infected, the interaction looks active because the virus exploits a routine cellular uptake system that the cells cannot do without. This system normally brings essential substances such as hormones, cholesterol or iron into the cell.

To begin infection, an influenza virus attaches to specific molecules on the cell surface. The process resembles surfing on the membrane. The virus moves along the surface, latching onto one molecule after another, until it arrives at a site rich in these receptors. A spot with many receptors side by side provides the most efficient entry route.

When the cell's receptors detect that the virus has attached, the membrane begins forming a small indentation at that spot. A structural protein named clathrin shapes and supports this deepening pocket. As the pocket expands, it wraps around the virus and forms a vesicle. The cell then pulls this vesicle inward, where the coat dissolves and releases the virus.




Why Earlier Microscopy Fell Short

Previous attempts to study this crucial moment in infection relied on methods like electron microscopy, which require destroying the cells to obtain an image. As a result, they captured only single moments in time. Fluorescence microscopy, another common tool, offers live imaging but at low spatial resolution.

ViViD-AFM Sheds Light on Viral Entry

The new method, which merges atomic force microscopy (AFM) with fluorescence microscopy, is called virus-view dual confocal and AFM (ViViD-AFM). This combined approach makes it possible to track the fine-scale movements involved as the virus enters the cell.

With this tool, the researchers demonstrated that cells assist the virus at several stages of entry. They summon important clathrin proteins to the site where the virus is attached. The membrane at that point also pushes upward, almost as if trying to seize the virus. These wave-like motions intensify if the virus tries to drift away from the surface.

Implications for Antiviral Research

Because ViViD-AFM allows scientists to observe infection while it is happening, it offers a valuable way to test antiviral drug candidates directly in cell cultures. The team notes that the technique may also be applied to studying other viruses or even vaccines, giving researchers a real-time view of how these particles interact with cells.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251204024226.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Doomed ants send a final scent to save their colony | ScienceDaily
Ant societies behave like tightly integrated "superorganisms," where thousands of individuals work together in a way that resembles the coordinated activity of cells in a body. Researchers at the Institute of Science and Technology Austria (ISTA) have found that terminally ill ant brood release a distinctive odor, similar to the way infected body cells send out distress signals. This scent acts as an early alert that helps the colony quickly detect and eliminate infections before they spread. The findings were published in Nature Communications.


						
In many social animals, individuals often hide signs of illness to avoid being pushed aside by the group. Ant pupae take a very different route. When facing an infection they cannot survive, they produce a chemical alarm that warns their nestmates of the danger they represent.

Worker Ants Respond to the Warning Signal

As soon as worker ants detect this signal, they move rapidly. They open the infected pupa's cocoon, create small cuts in its outer surface, and apply formic acid, a natural antimicrobial compound produced by the workers themselves. This treatment kills the pathogens growing inside the pupa but also results in the pupa's death.

"What appears to be self-sacrifice at first glance is, in fact, also beneficial to the signaler: it safeguards its nestmates, with whom it shares many genes. By warning the colony of their deadly infection, terminally ill ants help the colony remain healthy and produce daughter colonies, which indirectly pass on the signaler's genes to the next generation," explains Erika Dawson, first author of the study and former postdoc in the Social Immunity' research group headed by Sylvia Cremer at ISTA.

The research, conducted with chemical ecologist Thomas Schmitt from the University of Wurzburg in Germany, documents this form of altruistic disease signaling in social insects for the first time. Without such a warning system, a dying ant could become highly infectious and threaten the entire colony. By signaling their condition early, the incurably ill make it possible for the colony to remove the threat before it escalates.

Why Ant Colonies Rely on Extreme Cooperation

At the scale of the colony, ants function as a "superorganism," where different members take on roles essential for group survival. Queens focus on reproduction, while workers manage everything from feeding to nest maintenance and health care. This mirrors the division of labor in the human body, where reproductive cells generate offspring and other cells perform daily biological tasks.




Both organisms and superorganisms depend on the close cooperation of reproductive and non-reproductive components. In ants, this cooperation is so extensive that it includes behaviors that benefit the colony even at the cost of the individual, such as sacrificing fatally infected brood.

Why an Early-Warning Signal Is Needed

A natural question is why ants have evolved such a sophisticated alarm system if sick individuals can simply remove themselves. Cremer explains, "Adult ants that approach death leave the nest to die outside the colony. Similarly, workers that have been exposed to fungal spores practice social distancing." However, this option is unavailable to brood, which cannot move independently. Like infected cells in the body, they require outside help.

Developing pupae and body cells face similar challenges and use similar strategies. Both release chemical cues that draw either immune cells or worker ants to them, allowing these helpers to remove potential infection sources. Immunologists refer to this cue as the "find-me and eat-me signal."

"The signal must be both sensitive and specific," Cremer adds. "It should help to identify all terminally-sick ant pupae but be precise enough to avoid triggering the unpacking of healthy pupae or those capable of overcoming the infection with their own immune system." This raises the question of how such precision is achieved.

How Infection Changes the Pupal Scent

Schmitt, whose work focuses on chemical communication in social insects, notes that workers can target a single sick pupa among many. "This means the scent cannot simply diffuse through the nest chamber but must be directly associated with the diseased pupa. Accordingly, the signal does not consist of volatile compounds but instead is made up of non-volatile compounds on the pupal body surface."




Two components of the ants' natural scent profile become stronger when a pupa is fatally infected. To test whether this odor shift alone triggers the disinfection response, researchers transferred the altered scent to healthy pupae and monitored the workers' behavior.

"We extracted the smell from the signaling pupae and applied it to healthy brood," Cremer says. The results showed that the scent alone was enough to make workers unpack the treated pupae, demonstrating that the altered odor of terminally infected brood functions in the same way as the "find-me and eat-me" signal seen in infected body cells.

Why Only Certain Pupae Send the Warning

According to Dawson, not all brood send this alarm signal. "Queen pupae, which have stronger immune defenses than worker pupae and can limit the infection on their own, were not observed to emit this warning signal to the colony," she explains. Worker pupae, however, lacked this ability and did signal for help.

By signaling only when an infection cannot be controlled, brood ensure that the colony responds only to genuine threats. This prevents unnecessary loss of individuals that are still capable of recovery. Cremer concludes, "This precise coordination between the individual and colony level is what makes this altruistic disease signaling so effective."

Information on Animal Studies

To better understand fundamental biological processes, such as those in behavioral biology, immunology or genetics, research involving animals is essential. No other methods, including in silico approaches, can fully replace these studies. All animals used in the experiments are collected, reared, and handled according to strict legal regulations.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251203010205.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists discover why anacondas stayed giants for 12 million years | ScienceDaily
A research group led by the University of Cambridge examined giant anaconda fossils found in South America and determined that these snakes reached their full body size about 12.4 million years ago. According to their analysis, anacondas have remained exceptionally large ever since.


						
During the period from 12.4 to 5.3 million years ago, known as the 'Middle to Upper Miocene', many animals grew far larger than their modern counterparts. This increase in size was influenced by higher global temperatures, widespread wetlands and abundant sources of food.

While several of these Miocene giants -- including the 12-meter caiman (Purussaurus) and the 3.2-meter giant freshwater turtle (Stupendemys) -- eventually disappeared, anacondas (Eunectes) persisted as a large-bodied lineage rather than shrinking or dying out.

Measuring Fossils to Reveal Ancient Snake Size

Modern anacondas are among the heaviest and longest snakes in existence. They generally grow to four or five meters, and in rare cases can reach seven meters.

To compare ancient and modern sizes, the researchers examined 183 fossilized backbone segments belonging to at least 32 individual anacondas. These fossils were uncovered in Falcon State in Venezuela. When the team combined these measurements with fossil data from other South American sites, they concluded that ancient anacondas measured roughly four to five metres, a size comparable to today's snakes.

The findings were published on December 1 in the Journal of Vertebrate Paleontology.




Why Anacondas Survived as Giants

"Other species like giant crocodiles and giant turtles have gone extinct since the Miocene, probably due to cooling global temperatures and shrinking habitats, but the giant anacondas have survived -- they are super-resilient," said Andres Alfonso-Rojas, a PhD student and Gates Cambridge Scholar in the Department of Zoology at the University of Cambridge and the study's lead author.

He continued: "By measuring the fossils we found that anacondas evolved a large body size shortly after they appeared in tropical South America around 12.4 million years ago, and their size hasn't changed since," said Alfonso-Rojas.

To confirm his measurements, Alfonso-Rojas applied a second technique called 'ancestral state reconstruction'. This method uses a family tree of snakes to infer the body lengths of ancient anacondas and related modern species such as tree boas and rainbow boas. The analysis supported the conclusion that early anacondas averaged four to five meters when they first emerged during the Miocene.

Ancient Habitats and Modern Survivors

Anacondas currently live in wetlands, marshes and major rivers including the Amazon. During the Miocene, northern South America looked much like today's Amazon Basin, which allowed anacondas to occupy a far wider range. Although their distribution has since contracted, enough suitable habitat remains, along with prey such as capybaras and fish, to support their continued large size.




Scientists previously assumed that ancient anacondas would have been even larger than modern ones because snakes are highly sensitive to temperature and the Miocene climate was warmer. Alfonso-Rojas addressed this directly: "This is a surprising result because we expected to find the ancient anacondas were seven or eight meters long. But we don't have any evidence of a larger snake from the Miocene when global temperatures were warmer."

Improved Fossil Evidence Sheds Light on Evolutionary Timing

Before this project, researchers lacked enough fossil material to determine exactly when anacondas developed their enormous size. Since these snakes have more than 300 vertebrae, the size of individual fossilized vertebrae offers a dependable way to estimate full body length.

The fossils analyzed in this study were gathered over several field seasons by collaborators at the University of Zurich and the Museo Paleontologico de Urumaco in Venezuela.
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A tiny ocean worm just revealed a big secret about how eyes evolve | ScienceDaily
A research team from the University of Vienna and the Alfred Wegener Institute in Bremerhaven has uncovered how the eyes of adult marine bristleworms continue to increase in size throughout their entire lifespan. The work shows that this constant growth is powered by a ring of neural stem cells that resembles similar structures found in vertebrate eyes. These stem cells are also responsive to light in the environment. The study, published in Nature Communications, provides new perspectives on eye evolution and highlights how light can influence the adult nervous system, even in species often viewed as biologically simple.


						
People typically associate complex eyes with mammals, birds, or perhaps octopuses. However, marine annelid worms such as the bristleworm Platynereis dumerilii possess eyes with a camera-like design similar to those in vertebrates and cephalopods, and some species can see with surprising detail. Scientists have long wondered how these invertebrate eyes continue growing during adulthood. A collaborative team from the University of Vienna, the Alfred Wegener Institute in Bremerhaven, and the University of Oldenburg set out to investigate this question and uncovered findings that challenge traditional assumptions.

Parallel Evolution and Hidden Growth Zones

Camera-type eyes in both vertebrates and invertebrates are classic examples of parallel evolution, arising independently as comparable solutions to similar biological needs. To understand how such eyes keep developing after maturity, the researchers examined the adult eyes of Platynereis, a well-established model organism for studying photoreceptors and brain evolution.

Using single-cell RNA sequencing, first author Nadja Milivojev of the Department of Neurosciences and Developmental Biology, University of Vienna, identified molecular signatures associated with stem cells and charted their location and behavior in the worm retina. Her work revealed a distinct region along the rim of the retina that is densely filled with dividing neural stem cells whenever the adult eye is expanding. "It was remarkable to find dividing cells at the edge of the worm's retina -- the same place where some groups of vertebrates maintain their retinal stem cells for life-long eye growth," Milivojev says.

This region, known as the "ciliary marginal zone," is believed to support continuous eye growth, a pattern now also observed in the bristleworm retina. Senior author Florian Raible, University of Vienna, notes that in vertebrates such as fishes and amphibians, this region produces new retinal neurons while the organism continues to grow. He explains, "Remarkably, Nadja's work showed that bristleworm eyes can also add new photoreceptor cells and expand their size -- a trait that has not been well studied outside the vertebrate lineage."

Light-Responsive Mechanisms in Eye Development

The team also found that light in the worms' surroundings plays a direct role in regulating eye growth. Genetic and molecular analyses revealed that a light-sensitive protein called c-opsin is responsible for this effect. This molecule is also found in vertebrate rod and cone cells. Earlier research suggested that worm eyes relied on a different class of opsins, so the presence of a vertebrate-type c-opsin came as an unexpected discovery. Milivojev and colleagues determined that this molecule appears in early precursors of the worm's photoreceptor cells, indicating that it acts as a molecular switch connecting light exposure to stem cell activity. These results show that visual systems not only detect light but can also adjust their development in response to it.




Evolutionary Connections and New Questions

The findings address a long-standing gap in understanding how both vertebrate and invertebrate eyes continue growing and sustaining themselves. Showing that Platynereis eyes depend on a ring of neural stem cells brings researchers closer to uncovering universal principles that guide the evolution of sensory organs. The results also raise several new questions. Could other stem cell populations in the body react to environmental light? And how might artificial lighting interfere with these natural biological processes? The researchers hope that future studies exploring the worm's stem cell systems will help answer these questions, offering new insight into how the nervous system adapts and repairs itself. Senior author Kristin Tessmar-Raible (University of Vienna, Alfred Wegener Institute, University of Oldenburg) emphasizes that "basic research to uncover the unexpected is essential to understand the biological complexity of life and the possible consequences of anthropgenic impacts."

Summary
    	Researchers from the University of Vienna and the Alfred-Wegener Institute studied adult marine bristleworms, a valuable model for uncovering how eyes and brains develop and how light influences biology beyond vision.
    	The team found that the eyes of Platynereis dumerilii keep growing throughout the worm's entire life. This ongoing growth is powered by a ring of neural stem cells similar to the growth zone seen in certain vertebrates that continue expanding their eyes as adults.
    	Their work helps resolve a long-standing question about how camera-type eyes in both invertebrates and vertebrates grow and maintain themselves. The findings suggest that even across very different evolutionary paths, many animals rely on shared cellular strategies for growth and flexibility.
    	By showing that Platynereis eyes depend on this stem cell ring, the study brings scientists closer to identifying universal rules that shape the evolution of sensory organs.
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Ancient long snouted croc from Egypt rewrites evolution | ScienceDaily
In the remote Western Desert of Egypt, where striking layers of red sandstone and green shale rise above the dry plains surrounding Kharga Oasis, researchers have uncovered a fossil that significantly shifts current views on how crocodiles evolved.


						
The study, reported in The Zoological Journal of the Linnean Society, was conducted by a team of Egyptian paleontologists. They identified a new species named Wadisuchus kassabi, which lived roughly 80 million years ago. It is now considered the earliest known representative of Dyrosauridae -- a lineage of ancient crocodiles that differed substantially from the crocodiles seen today.

Revealing the Early Marine Lifestyle of Dyrosaurids

Dyrosaurids did not resemble the river-dwelling species familiar to us. Instead, they thrived in coastal and oceanic settings. Their long, narrow snouts and rows of thin, pointed teeth allowed them to catch agile prey such as fish and turtles. Their ability to survive and spread in the aftermath of the dinosaur extinction makes them a key group for understanding how reptiles adapted during a period of dramatic environmental change.

The name Wadisuchus kassabi reflects both the region and its cultural heritage. Wadi ("wady," Arabic for "valley") refers to the New Valley, where the fossils were recovered, while Suchus connects the species to Sobek, the ancient crocodile deity. The species name also commemorates Professor Ahmed Kassab (Assiut University), whose contributions to Egyptian paleontology continue to guide and inspire future scientists.

A Detailed Look Inside the Fossils

Professor Hesham Sallam, Egyptian Vertebrate Paleontologist at Mansoura University and senior author of the research, explained: "The fossils of Wadisuchus kassabi were excavated near Kharga and Baris oases in Egypt's Western Desert. They include two partial skulls and two snout tips representing four individuals at different stages of growth, providing rare insight into how dyrosaurids developed." Sallam continued: "High-resolution CT scans and 3D surface models enabled us to reveal unprecedented anatomical details."

Distinctive Features Offer Clues to Dyrosaurid Origins




Sara Saber, Assistant Lecturer at Assiut University, member of the Sallam Lab team at MUVP, and lead author of the study, said: "Wadisuchus kassabi, was a 3.5-4-meter-long crocodile-like reptile with a very long snout and tall, sharp teeth. It differed from other dyrosaurids, in having four teeth at the front of the snout instead of the primitive five, nostrils positioned on top of the snout for surface breathing, and a deep notch at the tip of the snout where the jaws met. These features show a gradual adaptation in the dyrosaurid bite, marking an important step in their evolutionary history."

Saber added: "Beyond the distinctive features of Wadisuchus, it plays a crucial role in understanding the origin of the dyrosaurid group. The new species pushes back evidence for an African origin of Dyrosauridae and suggests that their diversification began earlier than previously thought -- possibly during the Early Coniacian-Santonian (about 87-83 million years ago), rather than the traditionally assumed Maastrichtian (about 72-66 million years ago)."

Egypt as the Birthplace of a Global Crocodile Lineage

Belal Salem, PhD student at Ohio University, member of the Sallam Lab, Curator of Fossil Reptiles and Birds at MUVP, and faculty member at Benha University, states: "this discovery indicates that Africa was the cradle of dyrosaurid evolution, from which later lineages spread across the globe and our phylogenetic analyses consistently place Wadisuchus an ancestor of the dyrosaurid group."

Salem added that the find carries a broader message: "The significance of Wadisuchus lies not only in what it reveals about the evolutionary history of this remarkable group of crocodiles -- though that is a major achievement -- but also in what it reminds us of: Egypt's Western Desert still holds treasures that preserve the secrets of our planet's deep past. Our mission is not only to uncover these fossils but also to protect the fossil-rich sites from urban expansion and agricultural encroachment. They are a legacy for generations of Egyptians to come."
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Wild chimps consume more alcohol than anyone expected | ScienceDaily
The first-ever measurements of the ethanol content of fruits available to chimpanzees in their native African habitat show that the animals could easily consume the equivalent of more than two standard alcoholic drinks each day, according to researchers at the University of California, Berkeley.


						
It is still unknown whether chimpanzees deliberately choose fruits with higher ethanol levels, which tend to be riper and richer in sugar that can ferment. However, many of the fruit species they regularly eat contain measurable ethanol, indicating that alcohol is a routine part of their menu and was probably present in the diets of our human ancestors as well.

"Across all sites, male and female chimpanzees are consuming about 14 grams of pure ethanol per day in their diet, which is the equivalent to one standard American drink," said UC Berkeley graduate student Aleksey Maro of the Department of Integrative Biology. "When you adjust for body mass, because chimps weigh about 40 kilos versus a typical human at 70 kilos, it goes up to nearly two drinks."

A "standard drink" in the U.S. contains 14 grams of ethanol, irrespective of the consumer's body size, although in much of Europe the standard is 10 grams.

Measuring ethanol in wild fruits

Maro analyzed 21 different fruit species eaten by chimps at two long-term research sites, Ngogo in Uganda and Tai in Ivory Coast. On average, these fruits contained 0.26% alcohol by weight. Primatologists working at these locations estimate that chimps typically eat about 10 pounds (4.5 kilograms) of fruit per day and that fruit accounts for roughly three quarters of their total food intake. Researchers have also estimated how much each fruit species contributes to the overall diet at each site, which allowed the Berkeley team to calculate an average daily intake of ethanol from food.

"The chimps are eating 5 to 10% of their body weight a day in ripe fruit, so even low concentrations yield a high daily total -- a substantial dosage of alcohol," said Robert Dudley, UC Berkeley professor of integrative biology. "If the chimps are randomly sampling ripe fruit as did Aleksey, then that's going to be their average consumption rate, independent of any preference for ethanol. But if they are preferring riper and/or more sugar-rich fruits, then this is a conservative lower limit for the likely rate of ethanol ingestion."

Low-level alcohol exposure and evolutionary clues




According to Maro, chimps feed on fruit throughout the day and do not appear visibly drunk. To actually feel intoxicated, a chimp would need to eat so much fruit that its stomach would become painfully distended. Even so, this steady, low-level intake of ethanol implies that the last common ancestor of humans and chimpanzees, our closest living relatives among the apes, probably encountered alcohol every day from fermenting fruit. That nutrient is largely absent from the diets of captive chimps and from many modern human diets.

"Chimpanzees consume a similar amount of alcohol to what we might if we ate fermented food daily," Maro said. "Human attraction to alcohol probably arose from this dietary heritage of our common ancestor with chimpanzees."

Maro is first author and Dudley is senior author of a peer-reviewed paper describing these findings that is published in the journal Science Advances.

The 'drunken monkey' hypothesis

More than two decades ago, Dudley proposed that humans' interest in alcohol has deep roots in primate evolution and stems from ancient foraging habits. He later expanded this idea in his 2014 book The Drunken Monkey: Why We Drink and Abuse Alcohol. His "drunken monkey" hypothesis initially met resistance from many scientists, especially primatologists, who argued that primates in the wild do not commonly eat fermented fruits or nectar. These foods contain alcohol produced when yeast digests sugars, in much the same way that yeast turns grape juice into wine.

Over time, however, observational and experimental evidence has increasingly supported Dudley's view. More field researchers now report that monkeys and apes do in fact eat fermented fruit, including a recent observation of chimpanzees in Guinea-Bissau. Other studies, conducted with animals in captivity, have shown that some primates actively favor alcohol. In 2016, for example, Dartmouth University researchers found that captive aye-ayes and slow lorises given nectar with different alcohol levels tended to finish the most alcoholic nectar first and then repeatedly return to those empty containers. In 2022, Dudley worked with collaborators in Panama to show that wild spider monkeys consume fermented fruit containing alcohol and later excrete alcohol metabolites in their urine.




Alcohol in the diets of many animals

Mammals are not the only creatures that take in alcohol as part of normal feeding. In a study published earlier this year, Dudley and colleagues at Berkeley analyzed feathers from 17 bird species and found alcohol metabolites in 10 of them. This indicates that their diet -- nectar, grain, insects and even other vertebrates -- contained significant amounts of ethanol.

"The consumption of ethanol is not limited to primates," Dudley said. "It's more characteristic of all fruit-eating animals and, in some cases, nectar-feeding animals."

He noted that one idea about why animals might seek out ethanol is that its smell helps them locate foods that are richer in sugar and thus provide more energy. Alcohol may also make eating feel more rewarding, in a way that resembles sipping wine with a meal. Another possibility is that sharing fruit containing alcohol contributes to social bonding within primate groups or among other species.

"It just points to the need for additional federal funding for research into alcohol attraction and abuse by modern humans. It likely has a deep evolutionary background," Dudley said.

Fieldwork in African forests

Beginning in 2019, Maro conducted two field seasons at Ngogo in Uganda's Kibale National Park and one season at Tai National Park in Cote d'Ivoire. Ngogo is home to the largest known chimpanzee community in Africa. There, chimps climb into the trees to harvest fruits and often prefer several types of figs. Maro and his colleagues collected intact, freshly fallen fruits lying beneath trees where chimps had recently been feeding. At Tai, where chimps more often eat fruit that has fallen, the team similarly gathered undamaged and unbitten fruits from the ground below fruiting trees.

Each fruit sample was sealed in an airtight container, and the team recorded details including species, size, color and softness. Back at base camp, the fruits were frozen to halt further ripening. To determine alcohol content, Maro applied three different techniques across his field trips: a semiconductor-based sensor similar to a breathalyzer, a portable gas chromatograph and a chemical assay. All three methods produced consistent alcohol readings. Before heading to the field, Maro validated each technique in Dudley's Berkeley laboratory using a standardized protocol that could easily be reproduced under field conditions, where he often processed about 20 samples in a 12 hour day.

Two of the methods involved thawing the fruit, removing the peel and seeds, blending the pulp and then letting it sit in a sealed container for a couple of hours so that alcohol could move into the air above the pulp. This air, or "headspace," was then sampled and analyzed for ethanol content. The third method extracted liquid from the pulp and used color changing chemicals that react to ethanol.

Alcohol rich fruits and what chimps choose to eat

When the alcohol content of the fruits was averaged and weighted according to how often chimps eat each species, the numbers came out to 0.32% by weight at Ngogo and 0.31% at Tai. The fruits that chimps consume most frequently at each site, a fig called Ficus musuco at Ngogo and the plum like fruit of the evergreen Parinari excelsa at Tai, were also the most alcohol rich. Maro noted that groups of male chimpanzees often gather high in the canopy of F. musuco trees to eat fruit before heading out on patrols along the borders of their territory. The fruits of P. excelsa are also a favorite of elephants, which are known to be drawn to alcohol.

"I think the strength of Aleksey's approach is that it used multiple methods," Dudley said. "One of the reasons this has been a tempting target but no one's gone after it is because it's so hard to do in a field site where there are wild primates eating known fruits. This dataset has not existed before, and it has been a contentious issue."

Next steps in tracking chimpanzee alcohol exposure

The new research establishes a baseline for future projects in chimpanzee reserves that aim to determine how often chimps select fermented, alcohol containing fruits over less fermented options. During the following summer, Maro returned to Ngogo to collect urine from chimps while they slept in trees, a difficult task that required an umbrella, so that he could test for alcohol metabolites using kits similar to those used in some U.S. workplaces. Along with team member Laura Clifton Byrne, an undergraduate at San Francisco State University, he also shadowed foraging chimpanzees, retrieving freshly dislodged fruits from beneath the canopy and measuring their alcohol content.

Co-authors of the paper are Aaron Sandel of the University of Texas, Austin; Bi Z. A. Blaiore and Roman Wittig of the Tai Chimpanzee Project; and John Mitani of the University of Michigan, Ann Arbor, one of the founders of the Ngogo Chimpanzee Project. The work was funded by UC Berkeley.
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New 3D scan reveals a hidden network of moai carvers on Easter Island | ScienceDaily

Rapa Nui is widely recognized for its hundreds of stone statues (moai), crafted by Polynesian settlers beginning in the 13th century. Archaeological work has repeatedly shown that the island was home to many small family groups rather than a unified political system. This background has prompted researchers to explore whether the carving of moai followed the same decentralized structure.

High-Resolution 3D Modeling Reveals 30 Quarry Work Zones

For this study, scientists gathered more than 11,000 photographs of Rano Raraku, the primary moai quarry. These images were merged into a detailed 3D reconstruction that captured hundreds of moai preserved in different stages of production. After analyzing the model, the team identified 30 distinct quarrying areas, each showing unique carving approaches. Additional clues indicate that completed or partially shaped moai were moved away from the quarry along several different paths. Taken together, these patterns suggest that statue creation reflected the island's broader social organization, with carving efforts carried out independently rather than through centralized oversight.

New Evidence Challenges Long-Held Assumptions

The findings call into question the idea that projects of this scale require strict hierarchy or a single coordinating authority. Similarities between moai appear to come from the sharing of cultural knowledge instead of coordinated, joint labor. The new quarry model also provides a valuable dataset that can support future investigations and guide cultural management at this UNESCO World Heritage site. The same methods used here can also be applied to study other archaeological locations.

The authors explain: "Much of the so-called "mystery" of Rapa Nui (Easter Island) comes from the lack of openly available, detailed evidence that would allow researchers to evaluate hypotheses and construct explanations. Here, we present the first high-resolution 3D model of the moai quarry at Rano Raraku, the central quarry for nearly 1,000 statues, offering new insights into the organizational and manufacturing processes of these giant megalithic figures."

Fieldwork for this research was supported by a National Science Foundation grant (Award #2218602). The funders had no involvement in study design, data collection and analysis, decisions related to publication, or manuscript preparation.
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Scientists discover a hidden brain circuit that rewrites vision | ScienceDaily
Vision guides an animal's actions, but new research from MIT shows that the relationship goes both ways. The study, published November 25 in Neuron, reports that behavior and internal conditions directly influence how visual information is processed. In mice, the brain's prefrontal cortex, which serves as a major center for executive control, sends tailored signals to regions involved in vision and movement. These signals adjust how those regions operate depending on factors such as how alert the mouse is and whether it is actively moving.


						
"That's the major conclusion of this paper: There are targeted projections for targeted impact," said senior author Mriganka Sur, Paul and Lilah Newton Professor in The Picower Institute for Learning and Memory and MIT's Department of Brain and Cognitive Sciences.

Investigating Customized Prefrontal Signals

Scientists have long proposed, including Sur's colleague Earl K. Miller at MIT, that the prefrontal cortex can guide the activity of more posterior areas of the brain. While anatomical evidence has supported this idea, the goal of the new study was to determine whether the prefrontal cortex sends one broad type of signal or instead crafts distinct messages for different target regions. Lead author and Sur Lab postdoctoral researcher Sofie Ahrlund-Richter also sought to identify which specific neurons receive these signals and how the communication influences downstream processing.

Different Prefrontal Regions Serve Different Roles

The team identified a number of new insights. Two areas in the prefrontal cortex, the orbitofrontal cortex (ORB) and the anterior cingulate area (ACA), were found to relay information about both arousal and movement to two other regions: the primary visual cortex (VISp) and the primary motor cortex (MOp). These messages appear to have unique effects. For example, higher arousal increased ACA's tendency to help VISp sharpen its visual representations. ORB, however, became influential only when arousal was very high, and its involvement appeared to decrease the clarity of visual encoding. According to Ahrlund-Richter, ACA may help the brain focus on potentially meaningful visual details as arousal rises, while ORB may act to reduce attention to distracting or overly strong stimuli.

"These two PFC subregions are kind of balancing each other," Ahrlund-Richter said. "While one will enhance stimuli that might be more uncertain or more difficult to detect, the other one kind of dampens strong stimuli that might be irrelevant."

Mapping and Monitoring Brain Circuits




To better understand the involved pathways, Ahrlund-Richter performed detailed anatomical tracing of the connections ACA and ORB form with VISp and MOp. In additional experiments, mice ran freely on a wheel while viewing structured images or naturalistic movies at different contrast levels. At certain moments, small air puffs increased the animals' arousal level. Throughout these tasks, researchers recorded the activity of neurons in ACA, ORB, VISp and MOp, with particular attention to the signals traveling along the axons linking prefrontal and posterior areas.

The tracing work showed that ACA and ORB each communicate with a variety of cell types in their target regions rather than a single cell class. They also connect in distinct spatial patterns. In VISp, ACA primarily targeted layer 6, while ORB communicated mainly with layer 5.

How Arousal and Movement Shift Visual Processing

When the team examined the transmitted information and neural activity, several consistent patterns emerged. ACA neurons conveyed more detailed visual information than ORB neurons and were more responsive to changes in contrast. ACA activity also tracked closely with arousal level, while ORB responded only when arousal reached a high threshold. When signaling to MOp, both regions conveyed information about running speed. When signaling to VISp, however, they only indicated whether the mouse was moving or still. The two prefrontal regions also carried information about arousal and a small amount of visual detail to MOp.

To see how this communication affects visual processing, the researchers temporarily blocked the pathways leading from ACA and ORB to VISp. This allowed them to measure how VISp neurons responded without these inputs. They found that ACA and ORB exerted specific and opposing effects on visual encoding depending on the mouse's movement and level of arousal.

A Specialized Model of Prefrontal Feedback

"Our data support a model of PFC feedback that is specialized at both the level of PFC subregions and their targets, enabling each region to selectively shape target-specific cortical activity rather than modulating it globally," the authors wrote in Neuron.




In addition to Sur and Ahrlund-Richter, the research team included Yuma Osako, Kyle R. Jenks, Emma Odom, Haoyang Huang, and Don B. Arnold.

The work was supported by a Wenner-Gren foundations Postdoctoral Fellowship, the National Institutes of Health, and the Freedom Together Foundation.
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Dinosaur mummy found with hooves and a hidden crest | ScienceDaily

With a combination of advanced imaging methods, the scientists were able to recreate what the dinosaur would have looked like in life. Their reconstruction reveals a tall crest running along the neck and torso, a row of spikes down the tail, and hooves that enclosed the toes. When these results are combined with fossilized footprints, the overall appearance of this duck-billed dinosaur, long speculated about but never documented with this level of precision, becomes much clearer.

"It's the first time we've had a complete, fleshed-out view of a large dinosaur that we can really feel confident about," said senior author Paul Sereno, PhD, Professor of Organismal Biology and Anatomy at UChicago. "The badlands in Wyoming where the finds were made is a unique 'mummy zone' that has more surprises in store from fossils collected over years of visits by teams of university undergrads."

Rediscovering Wyoming's dinosaur "mummy zone"

Using old field photographs and careful detective work, Sereno and his colleagues retraced the locations in east-central Wyoming where several classic dinosaur mummies had first been uncovered in the early 1900s. They mapped a compact "mummy zone" within these rock layers, which represent stacked river sands.

In this area, the team excavated two new Edmontosaurus mummies, a younger individual and a somewhat older one, both preserving large, continuous patches of the external skin surface. These fossils provided crucial pieces needed to build a full, fleshy profile of the animal.

Sereno emphasizes that these dinosaur mummies are very different from human-created mummies in Egyptian tombs; none of the original organic material is still present. In both the newly described specimens and earlier examples labeled as mummies (including those found at the same site in the 20th century), the preserved skin, spikes, and hooves exist not as tissue but as an extremely thin clay coating that formed on the outside of the carcass shortly after burial.




"This is a mask, a template, a clay layer so thin you could blow it away," Sereno said. "It was attracted to the outside of the carcass in a fluke event of preservation."

Ultra-thin clay films capture dinosaur skin in 3D

To investigate how these extraordinary fossils formed, the team used a suite of imaging and analytical approaches. These included hospital and micro-CT scans, thin sections, X-ray spectroscopy, clay mineral analyses, and a close study of the rock layers where the fossils were found. All lines of evidence pointed toward a specific sequence of events that produced this rare style of preservation.

The researchers propose that after the dinosaurs died, their bodies dried in the sun before being rapidly buried in sudden flash floods. A microbial film on the outer surface of the carcass then attracted clay particles from the surrounding wet sediment through electrostatic forces. This process created a wafer-thin clay template that faithfully captured the animal's outer shape in three dimensions. Over time, the soft tissues decayed away, leaving the clay film and the skeleton, which later fossilized on longer timescales.

Cleaning, scanning and digitally rebuilding the duckbill

Revealing a boundary as fragile as this paper-thin clay layer required painstaking work. Fossil Lab manager Tyler Keillor, a co-author on the study, led hours of meticulous preparation to uncover the crucial surfaces without destroying them.




Another group, led by postdoctoral scholar Evan Saitta, relied on 3D surface imaging, CT scans, and comparisons with fossil footprints from the same time period. They traced the preserved soft anatomy, examined the sediments inside and outside the mummy, and matched the dinosaur's hooves back into a footprint. Digital artists then worked alongside the scientists to create lifelike reconstructions that showed how the duckbill would have looked and moved as it walked across soft mud near the very end of the dinosaur age.

"I believe it's worth taking the time to assemble a dream team in order to generate science that can be appreciated by the general public," Sereno said. "We've never been able to look at the appearance of a large prehistoric reptile like this -- and just in time for Halloween."

Crest, spikes, scales and thin skin

Working from the two newly described mummies, the researchers were able to assemble a complete, fleshy outline of Edmontosaurus annectens.

"The two specimens complemented each other beautifully," Sereno said. "For the first time, we could see the whole profile rather than scattered patches."

They discovered a continuous feature running along the center of the back that started as a fleshy crest over the neck and torso. Over the hips, this structure shifted into a single row of spikes along the tail, with each spike aligned above a vertebra and fitting neatly with its neighbors.

The team also documented the dinosaur's scale patterns. The largest polygonal scales appeared along the lower body and tail, while most of the animal was covered in very small, pebble-like scales only 1-4 millimeters across, surprisingly tiny for a dinosaur that could reach more than 40 feet in length. Fine wrinkles preserved over the ribcage indicate that the skin of this duckbill was relatively thin.

Hooves and heel pads on a "hoofed" dinosaur

The most unexpected discovery came from the larger mummy's hind feet: this dinosaur had hooves. The tips of each of the three hind toes were enclosed in a wedge-shaped hoof with a flat underside, similar to that of a horse.

To confirm what these feet looked like in life, the researchers combined CT scans of the mummified feet with 3D images of the best-preserved duckbill footprint from the same time period, carefully aligning the bones and soft-tissue impressions. With this information, they produced a detailed reconstruction of the hind foot. Unlike the forefoot, which makes contact with the ground only through its hooves, the hind feet also included a fleshy heel pad behind the hooves.

"There are so many amazing 'firsts' preserved in these duck-billed mummies -- the earliest hooves documented in a land vertebrate, the first confirmed hooved reptile, and the first hooved four-legged animal with different forelimb and hindlimb posture," Sereno said.

A new toolkit for dinosaur soft-tissue research

Beyond revealing striking new anatomy, the research provides a practical framework for future studies of dinosaur soft tissue. The authors outline new preparation techniques, a clear set of terms for describing soft structures and scale types, a step-by-step imaging pathway from fossil specimen to fleshed-out model, and a recipe for how a dinosaur mummy can form under natural conditions.

Their work offers more than a series of isolated findings. It proposes a general model for dinosaur mummification based on clay templating, which can now be tested on other fossils that might have formed in similar ways.

The team also highlights the next steps: focused searches for additional specimens with this kind of preservation in the same Wyoming rock layers and in other regions; biomechanical studies that can now rely on accurate external body outlines; and complementary analyses designed to understand when and where clay templating is most likely to occur.

"This may be the single best paper I've released," Sereno said. "From field to lab to 3D reconstructions along with a suite of useful terms defined, it's a tour de force, and it tells a coherent story about how these remarkable fossils come to be and what we can learn from them."
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A backwards Bible map that changed the world | ScienceDaily
The first Bible to include a map of the Holy Land appeared in 1525, exactly 500 years ago. The map had a major flaw: it was printed the wrong way round, showing the Mediterranean to the East. Despite this error, a new Cambridge study explains that the map's appearance in print helped set in motion ideas about territory and borders that still influence thinking today.


						
"This is simultaneously one of publishing's greatest failures and triumphs," says Nathan MacDonald, Professor of the Interpretation of the Old Testament at the University of Cambridge.

"They printed the map backwards so the Mediterranean appears to the east of Palestine. People in Europe knew so little about this part of the world that no one in the workshop seems to have realized. But this map transformed the Bible forever and today most Bibles contain maps."

How a Renaissance Map Reframed the Bible

In research published on November 29 in The Journal of Theological Studies, MacDonald argues that the map created by Lucas Cranach the Elder and printed in Zurich did more than update biblical layouts for the Renaissance. It also helped shape early thinking about territorial organization.

"It has been wrongly assumed that biblical maps followed an early modern instinct to create maps with clearly marked territorial divisions," MacDonald says. "Actually, it was these maps of the Holy Land that led the revolution.

"As more and more people gained access to Bibles from the 17th century, these maps spread a sense of how the world ought to be organized and what their place within it was. This continues to be extremely influential."

Rare Survivors of the 1525 Edition




Very few copies of Christopher Froschauer's 1525 Old Testament still exist. Trinity College Cambridge's Wren Library holds one of the remaining examples (see image).

Inside this edition, Cranach's map presents the stations of the wilderness wanderings and the division of the Promised Land into twelve tribal regions. These divisions were a distinctly Christian interpretation, expressing a claim to the sacred sites of both the Old and New Testaments. Cranach's work drew on medieval mapping traditions where Israel appeared as long, narrow strips of land, reflecting earlier reliance on the 1st century AD Jewish historian Josephus, who simplified conflicting biblical descriptions.

According to MacDonald, "Joshua 13-19 doesn't offer an entirely coherent, consistent picture of what land and cities were occupied by the different tribes. There are several discrepancies. The map helped readers to make sense of things even if it wasn't geographically accurate."

Mapping the Bible in the Swiss Reformation

A literal interpretation of scripture was especially important in the Swiss Reformation, which is why, MacDonald explains, "It's no surprise that the first Bible map was published in Zurich."

MacDonald, a Fellow of St John's College Cambridge, notes that as interest in literal readings increased, maps became a tool to show that biblical events unfolded in identifiable places and real time.




In a Reformation context where certain religious images were restricted, maps of the Holy Land became acceptable visual aids and took on devotional significance.

"When they cast their eyes over Cranach's map, pausing at Mount Carmel, Nazareth, the River Jordan and Jericho, people were taken on a virtual pilgrimage," MacDonald says. "In their mind's eye, they traveled across the map, encountering the sacred story as they did so."

A Turning Point in the Bible's Long Evolution

MacDonald argues that the addition of Cranach's map was a major milestone in the Bible's development and deserves more recognition. Other key moments include the shift from scrolls to bound books, the 13th century creation of the first portable one-volume Bible (The Paris Bible), the introduction of chapters and verses, new Reformation prefaces, and the 18th century recognition of prophetic writings as Hebrew poetry. "The Bible has never been an unchanging book," MacDonald says. "It is constantly transforming."

How Biblical Maps Helped Create Modern Borders

In medieval maps, the tribal divisions of the Holy Land symbolized spiritual inheritance for Christians. By the late fifteenth century, however, the lines originally drawn in biblical maps began spreading into maps of the wider world. These lines came to represent political borders. At the same time, these new ideas about political authority were read back into biblical texts.

"Bible maps delineating the territories of the twelve tribes were powerful agents in the development and spread of these ideas," MacDonald says. "A text that is not about political boundaries in a modern sense became an instance of God's ordering of the world according to nation-states."

"Lines on maps started to symbolize the limits of political sovereignties rather than the boundless divine promises. This transformed the way that the Bible's descriptions of geographical space were understood."

"Early modern notions of the nation were influenced by the Bible, but the interpretation of the sacred text was itself shaped by new political theories that emerged in the early modern period. The Bible was both the agent of change, and its object."

Why These Ideas Still Matter

"For many people, the Bible remains an important guide to their basic beliefs about nation states and borders," MacDonald says. "They regard these ideas as biblically authorized and therefore true and right in a fundamental way."

MacDonald points to a recent US Customs and Border Protection recruitment film in which a border agent quotes Isaiah 6:8 -- 'Then I heard the voice of the Lord saying, "Whom shall I send? And who will go for us?"' -- while flying above the US-Mexico border in a helicopter.

Professor MacDonald is concerned that many people continue to treat modern borders as if they were clearly defined in scripture. "When I asked ChatGPT and Google Gemini whether borders are biblical, they both simply answered 'yes'. The reality is more complex," he says.

"We should be concerned when any group claims that their way of organizing society has a divine or religious underpinning because these often simplify and misrepresent ancient texts that are making different kinds of ideological claims in very different political contexts."
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