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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.


      
        Why saving microbes may be the most important conservation effort ever
        Researchers have launched the first coordinated plan to protect microbial biodiversity, calling attention to the "invisible 99% of life" that drives essential Earth systems. The IUCN has formally recognized this effort through the creation of the Microbial Conservation Specialist Group. By developing new metrics, policies, and restoration tools, scientists aim to make microbial life a core part of global conservation action. The roadmap also outlines upcoming goals such as microbial hotspot maps ...

      

      
        Scientists grow a tiny human "blood factory" that actually works
        Researchers have recreated a miniature human bone marrow system that mirrors the real structure found inside our bones. The model includes the full mix of cells and signals needed for blood production and even maintains this process for weeks. It could transform how scientists study blood cancers and test new drugs. In the future, it may support more personalized treatment strategies.

      

      
        Light has been hiding a magnetic secret for nearly 200 years
        New research shows that light's magnetic field is far more influential than scientists once believed. The team found that this magnetic component significantly affects how light rotates as it passes through certain materials. Their work challenges a 180-year-old understanding of the Faraday Effect and opens pathways to new optical and magnetic technologies.

      

      
        A compact fusion machine just hit gigapascal pressures
        Operating a new device named the Fusion Z-pinch Experiment 3, or FuZE-3, Zap Energy has now achieved plasmas with electron pressures as high as 830 megapascals (MPa), or 1.6 gigapascals (GPa) total, comparable to the pressures found deep below Earth's crust.

      

      
        MIT ultrasonic tech pulls drinking water from air in minutes
        MIT engineers have created an ultrasonic device that rapidly frees water from materials designed to absorb moisture from the air. Instead of waiting hours for heat to evaporate the trapped water, the system uses high-frequency vibrations to release droplets in just minutes. It can be powered by a small solar cell and programmed to cycle continuously throughout the day. The breakthrough could help communities with limited access to fresh water.

      

      
        New report reveals major risks in turning oceans into carbon sinks
        Experts say the ocean could help absorb carbon dioxide, but today's technologies are too uncertain to be scaled up safely. New findings released during COP30 highlight the risks of rushing into marine carbon removal without proper monitoring and verification. With the 1.5degC threshold approaching, researchers stress that emissions cuts must remain the top priority. Ocean-based methods may play a role later, but they need careful oversight first.

      

      
        Scientists reawaken exhausted T cells to supercharge cancer immunity
        Researchers discovered a way to keep T cells from wearing out during the fight against cancer, and the approach could make immune-based treatments far more powerful. They found that tumors use a particular molecular signal to weaken T cells, and that interrupting this signal helps the cells stay active.

      

      
        Blocking a single protein forces cancer cells to self-destruct
        Researchers uncovered a powerful weakness in lung cancer by shutting down a protein that helps tumors survive stress. When this protein, FSP1, was blocked, lung tumors in mice shrank dramatically, with many cancer cells essentially triggering their own self-destruct mode. The work points to a fresh strategy for targeting stubborn lung cancers.

      

      
        Massive hidden structures deep inside Earth may explain how life began
        Scientists may finally be closing in on the origins of two colossal, mysterious structures buried nearly 1,800 miles inside Earth--hidden formations that have puzzled researchers for decades. New modeling suggests that slow leakage of elements from Earth's core into the mantle prevented the planet from developing strong chemical layers after its primordial magma-ocean era.

      

      
        Quantum computers just simulated physics too complex for supercomputers
        Researchers created scalable quantum circuits capable of simulating fundamental nuclear physics on more than 100 qubits. These circuits efficiently prepare complex initial states that classical computers cannot handle. The achievement demonstrates a new path toward simulating particle collisions and extreme forms of matter. It may ultimately illuminate long-standing cosmic mysteries.

      

      
        Nanoscale trick makes "dark excitons" glow 300,000 times stronger
        Researchers have found a way to make "dark excitons"--normally invisible quantum states of light--shine dramatically brighter by trapping them inside a tiny gold-nanotube optical cavity. This breakthrough boosts their emission 300,000-fold and allows scientists to switch and tune them with unprecedented precision. The work unlocks new possibilities for ultrafast photonics, on-chip quantum communication, and exploring previously unreachable quantum states in 2D materials.

      

      
        A 2,000-year mystery in chameleon eyes is finally solved
        Chameleons' extraordinary ability to move their eyes independently stems from a previously overlooked anatomical marvel: long, tightly coiled optic nerves hidden behind their bulging eyes. Modern CT imaging finally revealed this structure, which centuries of dissections and even the scrutiny of figures like Aristotle and Newton failed to capture. The coils give the eyes extra slack, enabling nearly 360-degree scanning without neck mobility.

      

      
        Scientists finally discover what's fueling massive sargassum blooms
        Massive Sargassum blooms sweeping across the Caribbean and Atlantic are fueled by a powerful nutrient partnership: phosphorus pulled to the surface by equatorial upwelling and nitrogen supplied by cyanobacteria living directly on the drifting algae. Coral cores reveal that this nutrient engine has intensified over the past decade, perfectly matching surges in Sargassum growth since 2011. By ruling out older theories involving Saharan dust and river runoff, researchers uncovered a climate-driven p...

      

      
        Simple molecule shows remarkable Alzheimer's reversal in rats
        Scientists have developed a new molecule that breaks down beta-amyloid plaques by binding to excess copper in the brain. The treatment restored memory and reduced inflammation in rats, while also proving non-toxic and able to cross the blood-brain barrier. Because it's far simpler and potentially cheaper than existing drugs, researchers are now pursuing partnerships to begin human trials.

      

      
        Inflammation turns bone marrow into a breeding ground for disease
        Researchers discovered that chronic inflammation fundamentally remodels the bone marrow, allowing mutated stem cell clones to quietly gain dominance with age. Reprogrammed stromal cells and interferon-responsive T cells create a self-sustaining inflammatory loop that weakens blood production. Surprisingly, the mutant cells themselves may not be the main instigators.

      

      
        Everyday microplastics could be fueling heart disease
        Microplastics--tiny particles now found in food, water, air, and even human tissues--may directly accelerate artery-clogging disease, and new research shows the danger may be far greater for males. In mice, environmentally realistic doses of microplastics dramatically worsened plaque buildup, altered key vascular cells, and activated harmful genes linked to inflammation and atherosclerosis, all without changes to weight or cholesterol.

      

      
        New antibody breakthrough could finally slow polycystic kidney disease
        A specially engineered antibody that can infiltrate kidney cysts has shown the ability to block key growth signals driving polycystic kidney disease. Early mouse studies suggest it may halt or even reverse cyst expansion without harming healthy tissue.

      

      
        Ancient bogs reveal a hidden 15,000-year climate shift
        Researchers discovered that ancient peat bogs grew rapidly when the Southern Westerly Winds suddenly shifted thousands of years ago. These wind changes affected both peatland carbon storage and how the Southern Ocean absorbed CO2. Today the winds are shifting southward again, driven by climate change. Scientists warn this could disrupt natural carbon sinks and worsen droughts and wildfires.

      

      
        How to keep Ozempic/Wegovy weight loss without the nausea
        Scientists are uncovering how GLP-1 drugs like Ozempic and Wegovy act on brain regions that control hunger, nausea, pleasure-based eating, and thirst. These discoveries may help create treatments that keep the benefits of weight loss while reducing unwanted side effects.

      

      
        Nearly 47 million Americans live near hidden fossil fuel sites
        A nationwide analysis has uncovered how sprawling fossil fuel infrastructure sits surprisingly close to millions of American homes. The research shows that 46.6 million people live within about a mile of wells, refineries, pipelines, storage sites, or transport facilities. Many of these locations release pollutants that may affect nearby communities, yet mid-supply-chain sites have rarely been studied. The findings reveal major gaps in understanding how this hidden network affects health.

      

      
        Supercomputer creates the most realistic virtual brain ever
        Researchers have created one of the most detailed virtual mouse cortex simulations ever achieved by combining massive biological datasets with the extraordinary power of Japan's Fugaku supercomputer. The digital brain behaves like a living system, complete with millions of neurons and tens of billions of synapses, giving scientists the ability to watch diseases like Alzheimer's or epilepsy unfold step by step. The project opens a new path for studying brain function, tracking how damage spreads a...

      

      
        Secret chemical traces reveal life on Earth 3. 3 billion years ago
        Researchers have discovered chemical traces of life in rocks older than 3.3 billion years, offering a rare look at Earth's earliest biology. By combining advanced chemical methods with artificial intelligence, scientists were able to detect faint molecular patterns left behind long after the original biomolecules disappeared. Newly analyzed fossils, including ancient seaweed from Canada's Yukon Territory, helped validate the method and deepen understanding of early ecosystems.

      

      
        Blocking one enzyme may break the link between alcohol and liver disease
        Scientists discovered that alcohol activates a sugar-producing pathway in the body, creating fructose that may reinforce addictive drinking. The enzyme responsible, KHK, appears to drive both alcohol cravings and liver injury. When this enzyme was blocked in mice, their drinking decreased and their livers showed far less damage.

      

      
        Amazon scorpion venom shows stunning power against breast cancer
        Scientists are turning venom, radioisotopes, engineered proteins, and AI into powerful new tools against cancer. From Amazonian scorpions yielding molecules that kill breast cancer cells as effectively as chemotherapy, to improved fibrin sealants and custom-grown bioactive factors, researchers are pushing biotechnology into uncharted territory. Parallel teams are advancing radiotheranostics that diagnose and destroy tumors with precision, while others forge experimental vaccines that train the im...

      

      
        A surprising CBD advance calms pain without side effects
        Researchers developed a new nano-micelle formulation, CBD-IN, that finally gets CBD into the brain effectively. In mice, it relieved neuropathic pain quickly and didn't cause the usual movement or memory side effects. Surprisingly, the pain relief didn't use typical cannabinoid receptors, instead calming abnormal nerve activity more directly. The findings hint at new avenues for treating chronic pain and neurological diseases.

      

      
        Supercomputers decode the strange behavior of Enceladus's plumes
        Cutting-edge simulations show that Enceladus' plumes are losing 20-40% less mass than earlier estimates suggested. The new models provide sharper insights into subsurface conditions that future landers may one day probe directly.

      

      
        Scientists discover metformin may block key exercise benefits
        Rutgers scientists found that metformin can blunt many of the metabolic and cardiovascular improvements normally produced by exercise. Participants who took the drug saw reduced gains in fitness, blood vessel function, and glucose control. The interference may stem from how metformin affects mitochondrial activity.

      

      
        A silent kidney crisis is spreading faster than anyone expected
        Chronic kidney disease has surged to nearly 800 million cases and is now among the top causes of death worldwide. The condition is heavily linked to diabetes, hypertension, and obesity, and often goes unnoticed until late stages. Many countries lack access to dialysis and transplants, leaving millions without adequate care.

      

      
        Secret underwater language of Hawaiian monk seals has 25 new calls
        Scientists have revealed that Hawaiian monk seals produce far more underwater vocalizations than previously believed. Their newly discovered 25-call repertoire includes complex combinations and a rare foraging-related call. These findings highlight an intricate acoustic world unfolding beneath the waves. The research opens the door to better protection strategies as human-made ocean noise continues to rise.

      

      
        A crisis deepens as African penguins compete with fishing fleets for food
        During years of scarce fish, African penguins crowd into the same areas as commercial fishing vessels, heightening competition for dwindling prey. A new metric called "overlap intensity" shows how many penguins are affected and is already shaping improved conservation policies.

      

      
        Chronic pain may dramatically raise your blood pressure
        Chronic pain might quietly push people toward developing high blood pressure--and the more widespread the pain, the greater the danger. A massive analysis of over 200,000 adults uncovered strong links between long-lasting pain, depression, inflammation, and rising hypertension risk.

      

      
        CRISPR unlocks a new way to defeat resistant lung cancer
        Scientists used CRISPR to disable the NRF2 gene, restoring chemotherapy sensitivity in lung cancer cells and slowing tumor growth. The technique worked even when only a fraction of tumor cells were edited, making it practical for real-world treatment. Since NRF2 fuels resistance in several cancers, the approach could have broad impact.

      

      
        A tiny ancient virus reveals secrets that could help fight superbugs
        Scientists mapped the Bas63 bacteriophage in unprecedented detail, uncovering how its tail machinery infects bacteria. The structure reveals rare whisker-collar features and distant evolutionary ties reaching back billions of years. These insights could guide new phage therapies and innovations in medicine, agriculture, and industry.

      

      
        New DNA test predicts dangerous heart rhythms early
        Scientists at Northwestern Medicine have developed a new genetic risk score that predicts who is most likely to experience irregular or dangerous heart rhythms. The test merges several types of genetic analysis into one powerful model, offering doctors a clearer way to spot risk early. Researchers believe this "genetic roadmap" could transform how conditions like AFib are detected and prevented. It may also help shape targeted therapies tailored to a person's unique DNA.

      

      
        This tiny quantum clock packs a billion-fold energy mystery
        Scientists built a tiny clock from single-electron jumps to probe the true energy cost of quantum timekeeping. They discovered that reading the clock's output requires vastly more energy than the clock uses to function. This measurement process also drives the irreversibility that defines time's forward direction. The insight could push researchers to rethink how quantum devices handle information.

      

      
        "Great Unified Microscope" reveals micro and nano worlds in a single view
        A new dual-light microscope lets researchers observe micro- and nanoscale activity inside living cells without using dyes. The system captures both detailed structures and tiny moving particles at once, providing a more complete view of cellular behavior. Its creators tested it by analyzing changes during cell death and were able to estimate particle size and refractive index. They hope to push the technique toward imaging particles as small as viruses.

      

      
        Astronomers unveil the surprising hidden geometry of a supernova
        Astronomers have, for the first time, recorded the moment a star's explosion broke through its surface. The nearby supernova, SN 2024ggi, revealed a surprisingly olive-shaped blast when studied with ESO's Very Large Telescope. The discovery helps scientists better understand the forces that drive massive stars to explode and underscores how quick international cooperation can lead to groundbreaking results.

      

      
        Astronomers discover thousands of hidden siblings of the "Seven Sisters"
        The "Seven Sisters" have far more relatives than anyone imagined. Using NASA and ESA space telescopes, astronomers found thousands of hidden stars linked to the Pleiades, forming a colossal stellar complex. The discovery expands the cluster's size by a factor of 20 and offers a new way to trace the shared origins of stars--including our own Sun.

      

      
        Animals are developing the same chronic diseases as humans
        Across the planet, animals are increasingly suffering from chronic illnesses once seen only in humans. Cats, dogs, cows, and even marine life are facing rising rates of cancer, diabetes, arthritis, and obesity -- diseases tied to the same factors affecting people: genetics, pollution, poor nutrition, and stress. A new study led by scientists at the Agricultural University of Athens proposes a unified model linking these conditions across species.

      

      
        Melanoma rates are spiking fast in these 15 Pennsylvania counties
        Penn State scientists identified a striking rise in melanoma across several Pennsylvania counties dominated by cropland and herbicide use. The elevated risk persisted even after factoring in sunlight, suggesting an environmental influence beyond the usual expectations. Researchers warn that drifting chemicals may expose nearby residents, not just farm workers.

      

      
        Daily music listening linked to big drop in dementia risk
        Older adults who regularly listen to or play music appear to have significantly lower risks of dementia and cognitive decline. The data suggests that musical engagement could be a powerful, enjoyable tool for supporting cognitive resilience in aging.

      

      
        Scientists uncover a surprising protein that heals stubborn wounds
        Researchers have uncovered that SerpinB3, typically linked to severe cancers, is also a key player in natural wound healing. The protein drives skin cell movement and tissue rebuilding, especially when paired with next-generation biomaterial dressings. Its newfound role explains why cancer cells exploit it and opens the door to new wound-healing therapies.

      

      
        The hidden brain bias that makes some lies so convincing
        People are more likely to believe lies when there's the possibility of a reward. Neuroimaging shows that the brain shifts into reward or risk mode depending on whether the context involves a gain or a loss. Friends show synchronized brain activity that can predict successful deception. Social bonds and incentives can subtly warp how we judge honesty.

      

      
        GLP-1 drugs like Ozempic deliver huge weight loss but new research reveals a hidden catch
        GLP-1 drugs like tirzepatide and semaglutide offer powerful weight-loss effects but come with unanswered questions about long-term safety, side effects, and global accessibility. Researchers stress the need for independent studies before these treatments can be fully embraced worldwide.

      

      
        Physicists reveal a new quantum state where electrons run wild
        Electrons can freeze into strange geometric crystals and then melt back into liquid-like motion under the right quantum conditions. Researchers identified how to tune these transitions and even discovered a bizarre "pinball" state where some electrons stay locked in place while others dart around freely. Their simulations help explain how these phases form and how they might be harnessed for advanced quantum technologies.

      

      
        Princeton's new quantum chip marks a major step toward quantum advantage
        A Princeton team built a new tantalum-silicon qubit that survives for over a millisecond, far surpassing today's best devices. The design tackles surface defects and substrate losses that have limited transmon qubits for years. Easy to integrate into existing quantum chips, the approach could make processors like Google's vastly more powerful.

      

      
        Ultra-processed foods quietly push young adults toward prediabetes
        Ultra-processed foods, already known for their links to health problems in adults, are now shown to harm young adults too, disrupting blood sugar regulation long before illness appears. A four-year USC study following 85 participants found that even modest increases in UPF consumption drove up the risk of prediabetes and insulin resistance, two early markers that pave the way for type 2 diabetes.

      

      
        New research uncovers the massive squid diet of Hawaiian pilot whales
        Hawaiian short-finned pilot whales are surprisingly voracious hunters, diving hundreds of meters beneath the Pacific to snatch squid in the dark. By tagging and tracking eight whales, researchers uncovered just how much energy these deep-sea forays require--and how many squid the whales must eat to stay fueled. Their calculations reveal that each whale downs dozens to hundreds of squid per day, adding up to a staggering 88,000 tonnes of squid consumed annually by the whole population.

      

      
        AI creates the first 100-billion-star Milky Way simulation
        Researchers combined deep learning with high-resolution physics to create the first Milky Way model that tracks over 100 billion stars individually. Their AI learned how gas behaves after supernovae, removing one of the biggest computational bottlenecks in galactic modeling. The result is a simulation hundreds of times faster than current methods.

      

      
        Microquasars emerge as the Milky Way's most extreme particle engines
        LHAASO has uncovered that micro-quasars, black holes feeding on companion stars, are powerful PeV particle accelerators. Their jets produce ultra-high-energy gamma rays and protons that exceed long-held expectations. Precise cosmic-ray measurements reveal a new high-energy component, suggesting multiple sources within the Milky Way. These findings finally tie the "knee" structure to black hole jet systems.
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Why saving microbes may be the most important conservation effort ever | ScienceDaily
A newly released study describes how researchers collaborated to design the first comprehensive roadmap for protecting microbial life. The effort was led by Professor Jack Gilbert, President of Applied Microbiology International.


						
The work appears in the article titled 'Safeguarding Microbial Biodiversity: Microbial Conservation Specialist Group (MCSG) within the Species Survival Commission of the International Union for Conservation of Nature (IUCN)', published in Sustainable Microbiology, an AMI journal.

Launching a New Global Effort Through the IUCN

In July 2025, the IUCN formally created the MCSG within its Species Survival Commission. The group is co-chaired by Professor Gilbert and Raquel Peixoto (KAUST / ISME). Its formation followed a May workshop led by Professor Gilbert that brought together conservation specialists and microbiologists to explore how traditional conservation goals apply in a world driven by microbial processes.

"This is the first global coalition dedicated to safeguarding microbial biodiversity, which is the 'invisible 99% of life', to ensure that microbes are recognized as essential to the planet's ecological, climate, and health systems," Professor Gilbert said.

He added: "I think this reframes conservation from saving individual species to preserving the networks of invisible life that make visible life possible -- a paradigm shift toward planetary health. It also gives us a really good look into the microbial tools that can support conservation action -- so that we may use microbiology to solve the world's biggest problems."

Why Microbial Biodiversity Matters for the Planet

Microbes are central to soil fertility, carbon cycling, marine productivity, and the health of plants and animals. Despite this, they rarely appear in conservation policy. Professor Gilbert noted that overlooking microbial diversity weakens climate resilience, food security, and ecosystem restoration efforts. He explained: "The MCSG fills this gap by embedding microbiology directly into IUCN's conservation machinery, i.e. using Red List criteria, ecosystem assessments, and restoration programs, to make microbes visible in policy, not just in science."




Building a Global Network to Guide Microbial Conservation

Over the past two years, the founding members have assembled an international community of microbiologists, ecologists, legal experts, and Indigenous knowledge holders from more than 30 countries. Together, they created the first microbial conservation roadmap, outlining five core components of the IUCN Species Conservation Cycle:
    	Assessment -- develop Red List-compatible metrics for microbial communities and biobanks.
    	Planning -- create ethical and economic frameworks for microbial interventions.
    	Action -- pilot restoration projects using microbial solutions (coral probiotics, soil carbon microbiomes, pathogen-resistant wildlife).
    	Networking -- connect scientists, culture collections, and Indigenous custodians worldwide.
    	Communication & Policy -- launch public and policy campaigns, including "Invisible but Indispensable."

Early work is supported by funding from the Gordon & Betty Moore Foundation, along with in kind support from AMI and ISME. This first phase focuses on mapping microbial hotspots, building conservation indices, and linking existing microbial biobanks into a coordinated global archive.

Overcoming Scientific and Ethical Challenges

Professor Gilbert explained that creating a conservation framework for microscopic life comes with complex scientific and conceptual barriers. These challenges include:
    	Determining what qualifies as a "microbial species" within Red List criteria.
    	Integrating genomic and ecological information into systems originally developed for plants and animals.
    	Addressing the belief that microbes are too resilient or too complicated to require protection.

"Microbial conservation must contend with enormous unseen diversity and highly dynamic community structures that defy classical species concepts. Taxonomic instability, lack of long-term baselines, and the ethical handling of microbial samples (including Indigenous or human-associated microbiota) all require new definitions of 'loss', 'restoration', and 'rights of microbes'," he said.




He added, "But a major landmark came when the IUCN approved the MCSG as a formal Specialist Group -- officially extending global conservation to microbes for the first time."

Plans for the Next Phase of Conservation Work

The group's upcoming goals include:
    	Developing the first Microbial Red List framework by 2027.
    	Creating global maps of microbial hotspots across soil, marine, and host-associated systems.
    	Testing conservation strategies such as microbial bioremediation, coral probiotics, and soil carbon restoration.
    	Ensuring microbial indicators are incorporated alongside plants and animals in IUCN and UN biodiversity targets by 2030.

What Is Needed for Long-Term Progress

Sustained investment will be essential to expand global microbial monitoring networks. Future progress also depends on integrating microbes into national biodiversity and climate strategies, including "30 by 30" and One Health policies. Another key priority is building "public microbial literacy -- recognizing microbes as the foundation of ecosystem and human health." The roadmap also highlights the importance of digital-twin and AI tools to anticipate how microbial communities will respond to environmental change.

The paper was published today (November 20) in Sustainable Microbiology.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251120102600.htm
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Scientists grow a tiny human "blood factory" that actually works | ScienceDaily
Our body's "blood factory" is made of highly specialized tissue containing bone cells, nerves, blood vessels and several other cell types. Researchers have now recreated this complex network in the laboratory using only human cells, marking a first in the field. This new system could help reduce the number of animal experiments needed for many types of research.


						
The bone marrow usually operates quietly and goes largely unnoticed. It becomes a focus of attention only when its function falters, such as in blood cancers. In those moments, knowing how blood is normally produced, and what causes that process to break down, becomes essential.

Human Cell Model Offers a New Research Tool

For decades, most studies on bone marrow have relied on animal research or simplified cell systems that cannot fully mimic the human environment. Scientists from the Department of Biomedicine at the University of Basel and University Hospital Basel have now produced a realistic bone marrow model made entirely from human cells. The team, led by Professor Ivan Martin and Dr Andres Garcia Garcia, reports in Cell Stem Cell that this platform may support blood cancer studies, drug testing and possibly future personalized treatments.

Understanding Bone Marrow Niches

Bone marrow contains several specialized microenvironments known as "niches." One niche that plays a central role in creating new blood cells lies near the bone surface and is linked to blood cancer's ability to resist treatment. Called the endosteal niche, it features blood vessels, immune cells, nerves and bone cells. Until now, no human model had managed to include all of these components in a single system.

The researchers have now developed a model that replicates this complexity. Their work began with an artificial bone framework made of hydroxyapatite, a natural mineral found in teeth and bones. They then used human cells that had been reprogrammed into pluripotent stem cells through molecular biology techniques. These stem cells can develop into many different cell types based on the signals present in their environment.




Building a Functional 3D Bone Marrow System

The team introduced these stem cells into the artificial bone scaffold and guided them through controlled developmental steps to produce a diverse range of bone marrow cell types. Their analysis showed that the resulting three-dimensional structure closely matches the human endosteal niche. It is also larger than previous models, measuring eight millimeters in diameter and four millimeters in thickness. Using this model, the researchers were able to maintain human blood cell formation in the laboratory for several weeks.

Potential to Reduce Animal Experiments

"We have learned a great deal about how bone marrow works from mouse studies," says Ivan Martin. "However, our model brings us closer to the biology of the human organism. It could serve as a complement to many animal experiments in the study of blood formation in both healthy and diseased conditions." This goal aligns with the university's broader effort to reduce, refine and replace animal experiments whenever feasible.

The system could also support drug development. "However, for this specific purpose, the size of our bone marrow model might be too large," explains Andres Garcia Garcia. To test many drugs or doses at the same time, the platform would need to be made smaller.

In the future, this approach could help guide personalized treatment decisions for blood cancers. Researchers envision creating patient-specific bone marrow models that allow doctors to test therapies and identify the most effective option for each individual. Further improvements will be necessary before this becomes possible, but the study represents an important early step.
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Light has been hiding a magnetic secret for nearly 200 years | ScienceDaily
Researchers at the Hebrew University of Jerusalem have found that the magnetic component of light plays a direct part in the Faraday Effect, overturning a 180-year belief that only light's electric field was involved. Their work shows that light can exert magnetic influence on matter, not simply illuminate it. This insight could support advances in optics, spintronics, and emerging quantum technologies.


						
The team's findings, published in Nature's Scientific Reports, show that the magnetic portion of light, not only its electric one, has a meaningful and measurable influence on how light interacts with materials. This result contradicts a scientific explanation that has shaped the understanding of the Faraday Effect since the nineteenth century.

The study, led by Dr. Amir Capua and Benjamin Assouline of the university's Institute of Electrical Engineering and Applied Physics, offers the first theoretical evidence that the oscillating magnetic field of light contributes directly to the Faraday Effect. This effect describes how the polarization of light rotates as it travels through a material placed in a constant magnetic field.

How Light and Magnetism Interact

"In simple terms, it's an interaction between light and magnetism," says Dr. Capua. "The static magnetic field 'twists' the light, and the light, in turn, reveals the magnetic properties of the material. What we've found is that the magnetic part of light has a first-order effect, it's surprisingly active in this process."

For nearly two centuries, scientists attributed the Faraday Effect solely to the electric field of light interacting with electric charges in matter. The new study shows that the magnetic field of light also plays a direct role by interacting with atomic spins, a contribution long assumed to be insignificant.

Calculating the Magnetic Contribution

Using advanced calculations informed by the Landau-Lifshitz-Gilbert (LLG) equation, which describes how spins behave in magnetic materials, the researchers demonstrated that light's magnetic field can generate magnetic torque within a material in a manner similar to a static magnetic field. Capua explains, "In other words, light doesn't just illuminate matter, it magnetically influences it."




To measure the extent of that influence, the team applied their theoretical model to Terbium Gallium Garnet (TGG), a crystal commonly used to study the Faraday Effect. Their analysis revealed that the magnetic component of light is responsible for about 17% of the observed rotation in the visible spectrum and as much as 70% in the infrared.

New Pathways for Future Technologies

"Our results show that light 'talks' to matter not only through its electric field, but also through its magnetic field, a component that has been largely overlooked until now," says Benjamin Assouline.

The researchers note that this revised understanding of light's magnetic behavior could open doors for innovations in optical data storage, spintronics, and magnetic control using light. The work may also contribute to future developments in spin-based quantum computing.
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A compact fusion machine just hit gigapascal pressures | ScienceDaily
Zap Energy has reached a major milestone with its Fusion Z-pinch Experiment 3, known as FuZE-3. The device has generated plasmas with electron pressures up to 830 megapascals (MPa), or a total pressure of 1.6 gigapascals (GPa), a level similar to the intense conditions found deep beneath Earth's crust. This marks the highest pressure ever recorded in a sheared-flow-stabilized Z pinch and represents a significant step toward achieving scientific energy gain, or Q>1.


						
FuZE-3 is also the first system from Zap to use a third electrode, which allows the mechanisms responsible for accelerating and compressing the plasma to be controlled independently. Early findings were shared during the American Physical Society's Division of Plasma Physics meeting in Long Beach, California.

"There are some big changes in FuZE-3 compared to Zap's previous systems and it's great to see it perform this well so quickly out of the gate," says Colin Adams, Head of Experimental Physics.

Why Extreme Pressure Matters for Fusion

Producing energy from fusion requires plasma that is both extremely hot and extremely dense. Pressure, which reflects both temperature and density, plays a central role because higher pressure allows more fusion reactions to take place. Some fusion systems focus on reaching the highest pressures possible, while others compensate by confining plasma for longer periods. Zap's sheared-flow-stabilized Z pinch seeks a balance between strong compression and sustained confinement.

The team's top single-shot electron pressure measurement so far is 830 MPa. Because plasma contains electrons and much heavier ions, and both are expected to reach similar temperatures, the combined plasma pressure (electrons and ions) is estimated at around 1.6 GPa. To put this in perspective, one gigapascal is roughly ten thousand times the pressure of Earth's atmosphere at sea level, or about ten times the pressure at the bottom of the Mariana Trench.

These pressures were maintained for about a microsecond (one millionth of a second) and measured using optical Thomson scattering, a technique regarded as the most reliable method for determining plasma conditions.




Recent experiments with FuZE-3 have produced multiple repeatable shots with electron densities between 3-5x1024 m-3 and electron temperatures above 1 keV (equal to 21,000,000 degrees Fahrenheit).

"This was a major effort by the team that was successful because of a tightly coupled cycle of theoretical predictions, computational modeling, rapid build and test engineering, experimental validation, and measurement expertise," says Ben Levitt, Vice President of R&D. "With a smaller system we have the benefit of being able to move quickly, and achieving these results in systems that are a fraction of the size and cost of fusion devices of comparable performance is a big part of what makes this such a significant accomplishment."

Designing FuZE-3 for Higher Fusion Performance

FuZE-3 is the third version of the FuZE platform and the fifth sheared-flow-stabilized Z-pinch device that Zap has built. The original FuZE machine, which was the first to reach temperatures above 1 keV, has since been retired. FuZE-Q, which remains in operation, is currently the company's top performer in terms of power and fusion neutron yield.

The goal for FuZE-3 is to reach higher values of the triple product, a key fusion metric that combines density, temperature and confinement time. To support this, the system includes three electrodes and two capacitor banks.

Independent Control of Acceleration and Compression

Earlier Z-pinch tests at Zap relied on a single electrical pulse moving between two electrodes, which required the same power source to both accelerate the plasma to create stabilizing flow and compress it into a Z pinch.




"The capability to independently control plasma acceleration and compression gives us a new dial to tune the physics and increase the plasma density," says Adams. "The two-electrode systems have been effective at heating, but lacked the compression targeted in our theoretical models."

Although the new data show very high pressures, Zap's approach is based on quasi-steady-state magnetic confinement. This is different from inertial fusion systems that rely on intense, nanosecond-long pulses from large arrays of lasers (or in some cases other Z-pinches) to rapidly crush a target. For Zap's method, controlling the stabilizing flow that keeps the plasma well behaved is just as critical as achieving strong compression.

Early Progress and the Push Toward Higher Triple Products

Zap's newest findings from FuZE-3 are still preliminary as the team continues active experimental campaigns. Additional insights are being shared at the APS DPP meeting, and the group intends to publish detailed results in scientific journals in the coming months.

"We're really just getting started with FuZE-3," says Levitt. "It was built and commissioned just recently, we're generating lots of high-quality shots with high repeatability, and we have plenty of headroom to continue making rapid progress in fusion performance. We'll be integrating lessons from FuZE-3 into our next generation systems as we continue advancing toward commercial fusion."

Testing on FuZE-3 will continue while Zap prepares to bring another next generation FuZE device online this winter. Work on future power plant systems is progressing at the same time, supported by the Century demonstration platform.

About Zap Energy

Zap Energy is developing a compact, lower-cost fusion system that confines and compresses plasma without the large and complex magnetic coils used in many other approaches. The company's sheared-flow-stabilized Z-pinch technology promises more favorable fusion economics and requires far less capital than conventional designs. Zap Energy employs 150 people in Seattle and San Diego and is supported by leading strategic and financial investors.
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MIT ultrasonic tech pulls drinking water from air in minutes | ScienceDaily
Feeling thirsty? It may be possible to draw clean water directly from the air around us. Even extremely dry regions contain small amounts of humidity, and certain materials can soak up that moisture and release it as usable drinking water. Over the past several years, researchers have created a range of sponge-like materials that make this type of "atmospheric water harvesting" possible.


						
Extracting the captured water usually involves heat -- and a long wait. Most current systems rely on sunlight to warm these materials until the trapped moisture evaporates and condenses into liquid. This slow step can take many hours or even stretch into days.

MIT engineers have now identified a much faster method for recovering this water. Instead of relying on solar heating, the team uses ultrasonic vibrations that shake the moisture loose.

Ultrasonic Vibrations Offer a Faster Alternative

The researchers created a high-frequency ultrasonic device that vibrates rapidly. When a water-absorbing material, or "sorbent," sits on top of the device, it sends out ultrasound waves tuned to break the bonds holding water molecules in place. Their tests showed that this approach frees the water within minutes, while heat-driven systems typically require tens of minutes or several hours.

Because it does not use heat, the device needs a power source. The team suggests that a small solar cell could supply electricity and also act as a sensor to detect when the material is saturated. The system could even be set to activate automatically whenever enough water has accumulated. Such automation would allow the setup to collect and release water repeatedly throughout the day.

A Step Toward Practical Air-to-Water Systems

"People have been looking for ways to harvest water from the atmosphere, which could be a big source of water particularly for desert regions and places where there is not even saltwater to desalinate," says Svetlana Boriskina, principal research scientist in MIT's Department of Mechanical Engineering. "Now we have a way to recover water quickly and efficiently."




Boriskina and her coauthors describe the device in a study published on November 18 in Nature Communications. The paper was led by first author Ikra Iftekhar Shuvo, an MIT graduate student in media arts and sciences, along with Carlos Diaz-Marin, Marvin Christen, Michael Lherbette, and Christopher Liem.

Improving Atmospheric Water Harvesting

Boriskina's research group develops materials that interact with environmental conditions in innovative ways. Recently, they explored atmospheric water harvesting (AWH) and how materials can be engineered to pull moisture from the air efficiently. The long-term goal is to provide a reliable source of drinking water for communities that lack both freshwater and saltwater supplies.

Like many other teams, they initially assumed that AWH systems placed outdoors would take in moisture overnight and then rely on sunlight during the day to release it through evaporation and condensation.

"Any material that's very good at capturing water doesn't want to part with that water," Boriskina explains. "So you need to put a lot of energy and precious hours into pulling water out of the material."

A New Direction Sparked by Ultrasound Research

The idea for a faster method emerged after Ikra Shuvo joined the group. Shuvo had been working with ultrasound for wearable medical devices, and during discussions with Boriskina, they realized that ultrasonic vibrations might dramatically speed the water-release step in atmospheric water harvesting.




"It clicked: We have this big problem we're trying to solve, and now Ikra seemed to have a tool that can be used to solve this problem," Boriskina recalls.

How Ultrasound Shakes Water Free

Ultrasound refers to acoustic pressure waves that exceed 20 kilohertz (20,000 cycles per second). These high-frequency waves are invisible and inaudible to humans. The team found that at the right frequency, ultrasound can shake water molecules free from the material holding them.

"With ultrasound, we can precisely break the weak bonds between water molecules and the sites where they're sitting," Shuvo says. "It's like the water is dancing with the waves, and this targeted disturbance creates momentum that releases the water molecules, and we can see them shake out in droplets."

Designing a High-Frequency Actuator

Shuvo and Boriskina built an ultrasonic actuator specifically for atmospheric water harvesting. At its center is a flat ceramic ring that vibrates when voltage is applied. Around it is another ring containing tiny nozzles. As droplets shake loose, they fall through the nozzles into collection containers placed above and below the vibrating ring.

The team tested the device using previously developed AWH materials. They placed small, quarter-sized pieces of the sorbent in a humidity chamber at different humidity levels until each sample became fully saturated. Each sample was then placed on the actuator and vibrated at ultrasonic frequencies. In every test, the actuator released enough moisture to dry the material within minutes.

Efficiency Gains and Practical Potential

The researchers estimate that the ultrasonic method is 45 times more efficient than relying on solar heat when extracting water from the same material.

"The beauty of this device is that it's completely complementary and can be an add-on to almost any sorbent material," Boriskina says. She imagines a household system that uses a fast-absorbing material paired with an ultrasonic actuator, each roughly the size of a window. When the material becomes saturated, the actuator would briefly activate using power from a solar cell, shake out the water, and then reset for another cycle.

"It's all about how much water you can extract per day," she says. "With ultrasound, we can recover water quickly, and cycle again and again. That can add up to a lot per day."

This work was supported, in part, by the MIT Abdul Latif Jameel Water and Food Systems Lab and the MIT-Israel Zuckerman STEM Fund.
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New report reveals major risks in turning oceans into carbon sinks | ScienceDaily
The world's oceans are expected to play a key part in drawing carbon dioxide out of the atmosphere to help slow dangerous climate warming. A central question is whether the technologies designed for this role are ready to be expanded.


						
According to an expert panel reporting to the European Union, the answer is no.

At least, not yet -- not until there are strong safeguards proving that these methods, known as marine carbon dioxide removal technologies, function as intended and do not create new environmental problems.

Marine carbon dioxide removal approaches rely on the ocean's natural capacity to absorb carbon. Some strategies use biological processes, such as increasing plankton or seaweed growth so they can take up carbon dioxide as they develop. Others rely on chemical or physical techniques, including systems that directly remove carbon dioxide from seawater.

Once carbon is extracted from the upper layers of the ocean, it can be stored in deep-sea sediments, on the ocean floor, in the deep ocean, in geological formations, or in products designed to last for long periods.

Protecting the Ocean While Exploring New Climate Tools

"This is about safeguarding the oceans for a common good. The oceans can be part of the climate solution, but we need to strengthen the way we safeguard them before we scale things up," said Helene Muri, a senior researcher at NILU, the Norwegian Institute for Air Research and the Norwegian University of Science and Technology (NTNU).




Muri led an expert group formed by the European Marine Board to evaluate the issue.

The group's findings appear in a new report, "Monitoring, Reporting and Verification for Marine Carbon Dioxide Removal," released during COP30, the UN climate conference now taking place in Brazil.

Rising Temperatures and the 1.5degC Threshold

Earth's temperature is rising more quickly than countries expected when they agreed in Paris to keep global warming within 1.5degC above "pre-industrial levels."

During his opening remarks at the COP30 Leaders' Summit on November 6, UN General Secretary Antonio Guterres called attention to the seriousness of the climate outlook.

"Science now tells us that a temporary overshoot beyond the 1.5degC limit -- starting at the latest in the early 2030s -- is inevitable," he said. "Let us be clear: the 1.5degC limit is a red line for humanity. It must be kept within reach. And scientists also tell us that this is still possible."

The European Marine Board report stresses that immediate action must focus on approaches already known to work -- namely cutting emissions. "We know how to cut emissions, and we have lots of methods that work," Muri said. "That has to take top priority."




Why Carbon Removal Is Still Needed

If the main goal is to reduce emissions to zero, why consider removing carbon dioxide from the ocean at all?

The answer lies in the reality that some sectors are far harder to make carbon free. Although shifting away from fossil fuels toward solar and wind power is achievable, certain technologies and products remain difficult to decarbonize. Air travel is one example. Despite extensive research, carbon-free flight is still out of reach, and some travel cannot be avoided.

To meet climate targets, countries aim to reach net zero by 2050. This means any remaining emissions must be balanced by removing an equivalent amount of carbon dioxide.

Reaching the 1.5degC target requires going further to achieve net negative emissions. Societies would need to eliminate all emissions they reasonably can, then counterbalance the "residual" emissions that cannot be removed.

"We must have a net removal of carbon dioxide from the atmosphere to get to 1.5degC and that means that you will likely have some residual emissions from some sectors, such as shipping and aviation, and some industries," Muri said. "And then you will have relatively large scale removal of carbon dioxide from the atmosphere as well, so that the net is at about between 5 to 10 gigatons of CO2 removed per year towards the end of the century, according to scenarios by the IPCC."

For context, global CO2 emissions were 42.4 gigatons in 2024, according to CICERO, the Oslo-based Center for International Climate Research.

Land-based approaches for handling this residual carbon already exist. The most established method is afforestation. Another example is the Climeworks direct air capture facility in Iceland, where air is drawn through filters that trap CO2. The captured CO2 is then mixed with water and injected into bedrock, where it turns into stone.

Marine Carbon Removal Is Still in Early Stages

A number of field trials have tested different marine carbon removal techniques, but many remain in the early development stage. Others are advancing more quickly. This is why establishing standards for monitoring, reporting, and verifying results is essential.

Technical and Scientific Challenges

Some ocean-based carbon removal methods resemble familiar land-based efforts. Planting trees or protecting forests to capture carbon has long been used on land. Similarly, certain marine strategies focus on restoring or protecting coastal ecosystems such as mangrove swamps.

Other approaches involve more direct intervention, such as adding iron or other nutrients to stimulate plankton growth. These large blooms absorb carbon dioxide, and when they sink, they carry carbon deep into the ocean. That is the expectation, at least.

The challenge, Muri says, is determining how well these methods actually perform.

How can a company prove how much extra carbon dioxide its technology removes?

If carbon is stored in the deep ocean, how long will it stay there?

And with many agencies, treaties, and protocols involved internationally, which organization should be responsible for oversight, and how should verification be handled?

Ideally, "you monitor what is the background state of carbon (in the ocean) and then you implement your project and make sure that you have removed carbon from the atmosphere. And you try to monitor how much carbon that you have removed and how long it is staying away from the atmosphere. And then you report that to some independent party and then it verifies that what you're saying is correct," Muri said.

The Ocean Is Constantly Changing

The complication, she says, is that storing carbon in the ocean itself makes tracking and management far more difficult.

"If you're storing it in the ocean, in some form or another, not in a geological reservoir, it's a lot harder to to govern it and also monitor it. The ocean doesn't stay put," she said.

Carbon Credits and Environmental Considerations

These challenges become even more important as technologies advance to the point where companies or governments may seek credit for removing carbon dioxide.

Some companies have already started moving in this direction, Muri says.

"None of these methods are mature to use if you cannot verify impacts or where the carbon goes, or how long it stays away from the atmosphere," Muri said.

"If we want to be serious about figuring out if you can do marine carbon dioxide removal in responsible ways that can make meaningful contributions, then we have to get serious about the monitoring, reporting and verification aspects," she added.

"The credit part of it also has to work right. You have to have reliable and transparent and scientifically defensible crediting systems."

Environmental impacts must also be thoroughly reported, Muri said.

Looking Ahead

Despite the uncertainties surrounding marine carbon removal, "all future scenarios are showing us that we will need carbon dioxide removal in order to reach our most ambitious temperature goal," Muri said. This conclusion appears repeatedly in IPCC assessments, particularly the 2018 special report on Global Warming of 1.5degC.

"We don't know all the threats of these immature methods yet, but it's a bit hard to just take them off the table because they're uncomfortable to think about," she said.

Even so, she stressed that marine carbon removal is not a "miracle ocean fix to climate change." As she put it, "Some people are really hoping to find an answer in the ocean, but in our opinion, we're not there yet."

"And there's a question of whether it can be a scientifically governed climate solution, and we don't have the answer to that yet. But if we want to go in that direction, then we need to clear up all of these standards and establish these properly before we can scale things up," she said.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251120002832.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists reawaken exhausted T cells to supercharge cancer immunity | ScienceDaily
A new study has identified a molecular cue that cancer cells use to exhaust the T cells responsible for destroying them, and the findings show that shutting down this signal may help restore the body's immune defenses. The work, led by researchers at Weill Cornell Medicine and published Nov. 17 in Nature Immunology, reveals that tumors do more than slip past the immune system. They can also alter immune cells in ways that reduce their ability to fight back.


						
"Our dream is to make immune-based therapies available to every patient. To overcome resistance, we must unlock the power of exhausted T cells, reviving them to destroy cancer. This discovery moves us closer to a future where the immune system itself defeats tumors," said the study's co-senior author, Dr. Taha Merghoub, Margaret and Herman Sokol Professor in Oncology Research, and professor of pharmacology at Weill Cornell Medicine.

Why Immunotherapies Sometimes Fall Short

Modern immunotherapies have reshaped cancer treatment by boosting the body's own defense system. However, not all patients benefit, and even those who do may see their response diminish as their T cells become overworked.

"Our findings reveal a completely new way that tumors suppress the immune system," said co-senior author Dr. Jedd Wolchok, the Meyer Director of the Sandra and Edward Meyer Cancer Center, professor of medicine at Weill Cornell and an oncologist at NewYork-Presbyterian/Weill Cornell Medical Center. "By blocking this pathway, we can help exhausted T cells recover their strength and make existing immunotherapies work better for more patients."

How T Cells Lose Their Ability to Fight

T cell exhaustion occurs when the immune system faces long-term infections or persistent tumor activity. Under these conditions, T cells can still recognize harmful cells, yet they stop attacking. "So, they're primed, but they're no longer killing," explained Dr. Merghoub, who is also deputy director of the Meyer Cancer Center and co-director of the Parker Institute of Cancer Immunotherapy at Weill Cornell. He added that although this loss of activity seems harmful, it can prevent uncontrolled inflammation and sepsis.




Earlier studies showed that a surface protein called PD1 contributes to this exhaustion process. Drugs known as checkpoint inhibitors target PD1 and have already proven effective at reviving T cells in cancers such as melanoma.

CD47 Emerges as a Second Immune Brake

The research team set out to determine whether CD47, a molecule found on cancer cells, also plays a role in pushing T cells toward exhaustion. Previous work revealed that tumors use CD47 as a "don't eat me signal" to prevent certain immune cells from ingesting them.

What surprised the scientists was discovering that T cells themselves display CD47. "When T cells are activated, they express CD47. And when they get exhausted, they increase CD47 to very high levels," Dr. Merghoub said.

Experiments showed that mice lacking CD47 had slower tumor growth, suggesting the exhaustion effect came from CD47 on immune cells rather than on cancer cells. In further tests, T cells missing CD47 were more effective against melanoma tumors than T cells that still carried the protein.

Thrombospondin-1 and CD47 Work Together to Exhaust T Cells

The team then investigated how cancer cells might manipulate this process. Their attention turned to thrombospondin-1, a large protein produced by metastatic cancer cells that binds to CD47. When mice were engineered to lack thrombospondin-1, their T cells showed fewer signs of exhaustion.




"That was the real eureka moment," said Dr. Merghoub. "It showed us that CD47 and thrombospondin are clearly key players because eliminating either one gives you the same effect."

Disrupting the Exhaustion Signal With TAX2

To understand the interaction more closely, the researchers used a peptide called TAX2, which was designed to block the connection between CD47 and thrombospondin-1. The results were clear: TAX2 helped maintain T cell activity and slowed tumor progression in mice with melanoma or colorectal cancer.

T cells in treated animals stayed more active, released more immune-boosting cytokines, and were better at entering tumors. TAX2 also enhanced the effectiveness of PD1 immunotherapy in colorectal tumor models.

"We used the TAX2 peptide as a proof-of-concept to confirm that disrupting the crosstalk between TSP-1 and CD47 prevents T cell exhaustion in mice with tumors," said Dr. Chien-Huan (Gil) Weng, an instructor in pharmacology and the study's lead author. "Next, we plan to study both upstream and downstream modulators that regulate the TSP-1:CD47 pathway and develop means to selectively, effectively and safely disrupt this pathway to improve T cell-based cancer immunotherapy."

Toward Stronger, Longer-Lasting Immune Therapies

Blocking this interaction could serve as an effective therapy by itself and may also help sustain tumor-targeting T cells in patients who are at risk of becoming resistant to current immune checkpoint treatments. According to Dr. Merghoub, early experiments in animal models suggest that inhibiting both PD1 and CD47 creates T cells that are significantly better at destroying cancer cells. "We plan to explore this therapeutic angle."

Many Weill Cornell Medicine physicians and scientists collaborate with external organizations to advance scientific research and provide expert guidance. These relationships are disclosed publicly for transparency. Profiles for Dr. Taha Merghoub and Dr. Jedd Wolchok contain details about these affiliations.

This research received support from the National Institutes of Health grant #R01-CA249294; National Cancer Institute, Cancer Center Support Grant P30CA008748; the Department of Defense grants W81XWH-21-1-0101 and W81XWH-20-1-0723; Swim Across America; the Ludwig Institute for Cancer Research; the Ludwig Center for Cancer Immunotherapy at Memorial Sloan Kettering; the Cancer Research Institute; the Parker Institute for Cancer Immunotherapy; and the Breast Cancer Research Foundation grants BCRF-22-176 and BCRF-23-176.
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Blocking a single protein forces cancer cells to self-destruct | ScienceDaily
Researchers at NYU Langone Health have identified how a specific form of cell death linked to the buildup of highly reactive molecules can slow the growth of lung tumors.


						
This type of cell death, known as ferroptosis, originally evolved as a way for the body to clear out cells that become overly stressed. Cancer cells fall into this category, yet over time they have developed ways to block ferroptosis so they can continue multiplying even under damaging conditions.

Blocking FSP1 Dramatically Weakens Lung Tumors

A study published online November 5 in Nature showed that an experimental therapy targeting a protein called ferroptosis suppressor protein 1 (FSP1) significantly reduced tumor growth in mice with lung adenocarcinoma (LUAD). Blocking this protein, which helps cancer cells avoid ferroptosis, shrank tumors by as much as 80%. Lung cancer remains the world's leading cause of cancer-related deaths, and LUAD is the most common form among nonsmokers, accounting for about 40% of cases.

"This first test of a drug that blocks ferroptosis suppression highlights the importance of the process to cancer cell survivaland paves the way for a new treatment strategy," said senior study author Thales Papagiannakopoulos, PhD[GW1], an associate professor in the Department of Pathology[GW2] at the NYU Grossman School of Medicine.

Reactive Molecules and Their Role in Cell Damage

Ferroptosis takes place when iron levels rise inside cells, fueling the production of highly reactive molecules made from oxygen, water, and hydrogen peroxide known as reactive oxygen species (ROS). In small amounts, ROS help cells communicate. In excess, they create oxidative stress, which occurs when ROS add oxygen molecules to vital proteins and DNA, damaging or breaking them apart. ROS can also harm fats that form the outer membranes of cells, contributing to cell death and tissue injury.




Blocking FSP1 Shows Strong Tumor-Suppressing Effects

To investigate how FSP1 affects lung cancer, the research team genetically modified mice so that their lung cancer cells lacked the FSP1 gene. These mice developed smaller tumors due to increased cancer cell death. The researchers also tested icFSP1, a newer drug designed to inhibit FSP1. Mice treated with icFSP1 lived longer and experienced tumor reductions similar to those seen in mice whose cancer cells were engineered to lack FSP1.

The study also found that FSP1 may be a more promising treatment target than another ferroptosis-blocking protein, glutathione peroxidase 4 (GPX4), which has been studied in cancer research for a longer period. The findings suggest that FSP1 is more actively involved in preventing ferroptosis in lung cancer cells while playing a smaller role in normal cell function (which could translate to fewer side effects). Increased levels of FSP1 were also associated with poorer survival rates in human LUAD patients, unlike GPX4.

Future Directions and Ongoing Research

"Our future research will focus on optimizing FSP1 inhibitors and investigating the potential of harnessing ferroptosis as a treatment strategy for other solid tumors, such as pancreatic cancer," said lead study author Katherine Wu, an MD/PhD student working in the Papagiannakopoulos lab. "We aim to translate these findings from the lab into novel clinical therapies for cancer patients."

In addition to Wu and Pagagiannakopoulos, contributors from the Department of Pathology at NYU Langone include co-first author Alec Vaughan, Jozef Bossowski, Yuan Hao, Aikaterini Ziogou, Mari Nakamura, Ray Pillai, Mariana Mancini, Sahith Rajalingam, and Suckwoo Chung. Other study authors include Seon Min Kim, Tae Ha Kim, and Yun Pyo Kang of the College of Pharmacy and Research Institute of Pharmaceutical Sciences at Seoul National University; Mingqi Han and David Shackelford from the Department of Pulmonary and Critical Care Medicine at the David Geffen School of Medicine, University of California Los Angeles; Toshitaka Nakamura and Marcus Conrad of the Institute of Metabolism and Cell Death, Molecular Targets and Therapeutics Center at Helmholtz Munich in Germany; and Lidong Wang and Diane Simeone of the Moores Cancer Center, University of California, San Diego, La Jolla.

The study received funding from National Institutes of Health grants S10RR027926, S10OD032292, R37CA222504, R01CA227649, R01CA283049, R01CA262562, T32GM136542, T32GM136573, and T32GM136542. Additional support was provided by the American Cancer Society Research Scholar Grant (RSG-17-20001-TBE), the Ruth L. Kirschstein Individual Predoctoral National Research Service Award fellowship (F30CA275258), the Deutsche Forschungsgemeinschaft (DFG) (CO 291/7-1 Priority Program SPP 2306 [CO 291/9-1, #461385412; CO 291/10-1, #461507177], the European Research Council under the European Union's Horizon 2020 research and innovation program (grant GA 884754), and the Perlmutter Cancer Center Support Grant P30CA016087.

Papagiannakopoulos received funding from the Pfizer Medical Education Group, Dracen Pharmaceuticals, Kymera Therapeutics, Bristol Myers Squibb, and Agios available under an aCC-BY-NC-ND 4.0 international license. These relationships are being managed in accordance with NYU Langone Health policies.
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Massive hidden structures deep inside Earth may explain how life began | ScienceDaily
For many years, researchers have puzzled over two enormous and unusual features hidden deep inside Earth. Their size, shape and behavior are so extreme that traditional ideas about how the planet formed and evolved have struggled to explain them.


						
A recent study in Nature Geoscience, led by Rutgers geodynamicist Yoshinori Miyazaki with a team of collaborators, presents a new interpretation that may finally clarify the origins of these structures and how they relate to Earth's long-term habitability.

These features, called large low-shear-velocity provinces and ultra-low-velocity zones, rest at the boundary between the mantle and the core nearly 1,800 miles below the surface. Large low-shear-velocity provinces are enormous masses of extremely hot, dense rock, with one positioned beneath Africa and the other under the Pacific Ocean. Ultra-low-velocity zones resemble thin, partly molten layers that cling to the core in puddle-like patches. Both strongly slow seismic waves, suggesting they contain materials or conditions unlike the surrounding mantle.

"These are not random oddities," said Miyazaki, an assistant professor in the Department of Earth and Planetary Sciences in the Rutgers School of Arts and Sciences. "They are fingerprints of Earth's earliest history. If we can understand why they exist, we can understand how our planet formed and why it became habitable."

Clues From Earth's Magma Ocean Past

According to Miyazaki, Earth was once encased in a global ocean of molten rock. As this ancient magma ocean cooled, many scientists expected the mantle to have developed distinct chemical layers, similar to how frozen juice separates into sugary concentrate and watery ice. However, seismic observations reveal no such clear layering. Instead, large low-shear-velocity provinces and ultra-low velocity zones appear to form complex, uneven piles at the bottom of the mantle.

"That contradiction was the starting point," Miyazaki said. "If we start from the magma ocean and do the calculations, we don't get what we see in Earth's mantle today. Something was missing."

Leaking Core Materials and a Long-Lost Magma Layer




The research team suggested that the missing factor is the core itself. Their model indicates that over billions of years, elements such as silicon and magnesium gradually escaped from the core into the mantle. This mixing would have disrupted the formation of strong chemical layers. It may also account for the unusual composition of the large low-shear-velocity provinces and ultra-low-velocity zones, which the scientists interpret as the cooled remains of a "basal magma ocean" altered by core-derived material.

"What we proposed was that it might be coming from material leaking out from the core," Miyazaki said. "If you add the core component, it could explain what we see right now."

How Deep-Earth Processes Shape Planetary Habitability

Miyazaki noted that the implications stretch beyond mineral chemistry. Interactions between the mantle and core may have influenced how Earth released heat, how volcanic activity developed and even how the atmosphere changed over time. This perspective may help clarify why Earth ended up with oceans and life, while Venus became extremely hot and Mars turned cold and barren.

"Earth has water, life and a relatively stable atmosphere," Miyazaki said. "Venus' atmosphere is 100 times thicker than Earth's and is mostly carbon dioxide, and Mars has a very thin atmosphere. We don't fully understand why that is. But what happens inside a planet, that is, how it cools, how its layers evolve, could be a big part of the answer."

A New Framework for Understanding Earth's Interior

By bringing together seismic observations, mineral physics and geodynamic simulations, the team reframed large low-shear-velocity provinces and ultra-low-velocity zones as essential records of how Earth formed. The study also suggests that these deep features may help fuel volcanic hotspots such as Hawaii and Iceland, creating a direct link between Earth's interior and the surface.




"This work is a great example of how combining planetary science, geodynamics and mineral physics can help us solve some of Earth's oldest mysteries," said Jie Deng of Princeton University, a co-author of the study. "The idea that the deep mantle could still carry the chemical memory of early core-mantle interactions opens up new ways to understand Earth's unique evolution."

The researchers noted that each new insight brings them closer to reconstructing the planet's earliest chapters. Bits of evidence that once seemed isolated now appear to fit together in a more coherent story.

"Even with very few clues, we're starting to build a story that makes sense," Miyazaki said. "This study gives us a little more certainty about how Earth evolved, and why it's so special."
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Quantum computers just simulated physics too complex for supercomputers | ScienceDaily
Scientists study matter under extreme conditions to uncover some of nature's most fundamental behaviors. The Standard Model of particle physics contains the equations needed to describe these phenomena, but in many real situations such as fast-changing environments or extremely dense matter, those equations become too complex for even the most advanced classical supercomputers to handle.


						
Quantum computing offers a promising alternative because, in principle, it can represent and simulate these systems far more efficiently. A major challenge, however, is finding reliable methods to set up the initial quantum state that a simulation needs. In this work, researchers achieved a first: they created scalable quantum circuits capable of preparing the starting state of a particle collision similar to those produced in particle accelerators. Their test focuses on the strong interactions described by the Standard Model.

The team began by determining the required circuits for small systems using classical computers. Once those designs were known, they applied the circuits' scalable structure to build much larger simulations directly on a quantum computer. Using IBM's quantum hardware, they successfully simulated key features of nuclear physics on more than 100 qubits.

Scalable Quantum Methods for High-Density Physics

These scalable quantum algorithms open the door to simulations that were previously out of reach. The approach can be used to model the vacuum state before a particle collision, physical systems with extremely high densities, and beams of hadrons. Researchers anticipate that future quantum simulations built on these circuits will exceed what classical computing can accomplish.

Such simulations could shed light on major open questions in physics, including the imbalance of matter and antimatter, the creation of heavy elements inside supernovae, and the behavior of matter at ultra-high densities. The same techniques may also help model other difficult systems, including exotic materials with unusual quantum properties.

Nuclear physicists used IBM's quantum computers to perform the largest digital quantum simulation ever completed. Their success stemmed in part from identifying patterns in physical systems, including symmetries and differences in length scales, which helped them design scalable circuits that prepare states with localized correlations. They demonstrated the effectiveness of this algorithm by preparing the vacuum state and hadrons within a one-dimensional version of quantum electrodynamics.




Advancing from Small Models to Large-Scale Quantum Systems

The team validated their circuit components by first testing them on small systems with classical computing tools, confirming that the resulting states could be systematically improved. They then expanded the circuits to handle more than 100 qubits and ran them on IBM's quantum devices. Using the data from these simulations, scientists extracted properties of the vacuum with percent-level accuracy.

They also used the circuits to generate pulses of hadrons, then simulated how those pulses evolved over time to track their propagation. These advances point toward a future in which quantum computers can carry out full dynamical simulations of matter under extreme conditions that lie well beyond the reach of classical machines.

This research received support from the Department of Energy (DOE) Office of Science, Office of Nuclear Physics, InQubator for Quantum Simulation (IQuS) through the Quantum Horizons: QIS Research and Innovation for Nuclear Science Initiative, and the Quantum Science Center (QSC), a DOE and University of Washington National Quantum Information Science Research Center. Additional computing resources were provided by the Oak Ridge Leadership Computing Facility, a DOE Office of Science User Facility, and by the Hyak supercomputer system at the University of Washington. The team also acknowledges the use of IBM Quantum services for this project.
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Nanoscale trick makes "dark excitons" glow 300,000 times stronger | ScienceDaily
A research group at the City University of New York and the University of Texas at Austin has found a method to make dark excitons, a class of previously unseen light states, emit bright light and be controlled with nanoscale precision. The study, published November 12 in Nature Photonics, points toward future technologies that could operate faster, use less energy, and shrink to even smaller sizes.


						
Dark excitons form in ultra-thin semiconductor materials and normally remain undetectable because they release only faint light. Even so, scientists have long viewed them as promising for quantum information and advanced photonics because they interact with light in unusual ways, remain stable for relatively long periods, and experience less disruption from their surroundings, which helps reduce decoherence.

Amplifying Dark Excitons With Nanoscale Design

To bring these hidden states into view, the researchers created a tiny optical cavity built from gold nanotubes combined with a single layer of tungsten diselenide (WSe2), a material just three atoms thick. This structure increased the brightness of dark excitons by an extraordinary factor of 300,000, making them clearly observable and allowing their behavior to be precisely controlled.

"This work shows that we can access and manipulate light-matter states that were previously out of reach," said principal investigator Andrea Alu, Distinguished and Einstein Professor of Physics at the CUNY Graduate Center and founding director of the Photonics Initiative at the Advanced Science Research Center at the CUNY Graduate Center (CUNY ASRC). "By turning these hidden states on and off at will and controlling them with nanoscale resolution, we open exciting opportunities to disruptively advance next-generation optical and quantum technologies, including for sensing and computing."

Electric and Magnetic Control of Hidden Quantum States

The team also demonstrated that these dark excitons can be switched and adjusted using electric and magnetic fields. This level of control could support new designs for on-chip photonics, highly sensitive detectors, and secure quantum communication. Importantly, the method preserves the original characteristics of the material while still achieving record-setting improvements in light-matter coupling.




"Our study reveals a new family of spin-forbidden dark excitons that had never been observed before," said first author Jiamin Quan. "This discovery is just the beginning -- it opens a path to explore many other hidden quantum states in 2D materials."

Solving a Debate in Plasmonics

The findings also address a long-standing question of whether plasmonic structures can boost dark excitons without altering their fundamental nature when placed in close proximity. The researchers solved this by designing a plasmonic-excitonic heterostructure made with nanometer-thin boron nitride layers, which proved essential for revealing the newly identified dark excitons.

The work received support from the Air Force Office of Scientific Research, the Office of Naval Research, and the National Science Foundation.
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A 2,000-year mystery in chameleon eyes is finally solved | ScienceDaily
Chameleons have intrigued observers for thousands of years, largely because their eyes seem to roam independently in nearly every direction. After centuries of curiosity, modern imaging techniques have now uncovered the anatomical feature responsible for this extraordinary ability. Hidden behind each protruding eye are two long, spiraled optic nerves -- a configuration not documented in any other lizard species.


						
"Chameleon eyes are like security cameras, moving in all directions," explained Juan Daza, associate professor at Sam Houston State University and author of a new study describing the trait. "They move their eyes independently while scanning their environment to find prey. And the moment they find their prey, their eyes coordinate and go in one direction so they can calculate where to shoot their tongues."

A Surprising Discovery in the Lab

Although chameleons' shifting gaze is easy to see, the internal structures enabling it have remained unclear. That changed in 2017 when Edward Stanley, director of the Florida Museum of Natural History's digital imaging laboratory, noticed an unexpected pattern while visiting Daza's lab. A CT scan of the minute leaf chameleon (Brookesia minima) revealed tightly coiled optic nerves, a shape unlike anything he had encountered.

Despite the excitement, both researchers hesitated at first. Given the long scientific history surrounding chameleons, they assumed someone must have reported this structure before.

"I was surprised by the structure itself, but I was more surprised that nobody else had noticed it," Daza said. "Chameleons are well studied, and people have been doing anatomical studies of them for a long time."

Chameleons' Distinctive Biology

Chameleons inhabit parts of Africa, Europe and Asia, and their remarkable adaptations go far beyond color change. They move through trees using a prehensile tail for balance and mitten-like feet for a careful, measured stride. Their slow pace is compensated by a high-speed weapon: a tongue that can accelerate from zero to 60 miles per hour in about one hundredth of a second. This sticky, elongated tongue can strike prey located at more than double the chameleon's own body length.




With such striking qualities, it is unsurprising that chameleons have appeared in human culture for millennia. Their recognizable silhouettes, complete with coiled tails, even appear in ancient Egyptian rock carvings. Convinced that someone must have described the optic nerve coils in earlier literature, the research team combed through vast archives. They enlisted language experts to interpret old anatomical works written in French, Italian and Latin, sometimes in a perplexing blend of several languages.

Historical Attempts to Explain Chameleon Vision

More than two thousand years ago, Aristotle incorrectly suggested that chameleons lacked optic nerves entirely. He believed their eyes were connected directly to the brain, which, in his view, explained their independent movement. In the mid-1600s, Roman physician Domenico Panaroli refuted this idea, asserting that chameleons do possess optic nerves, but that they do not cross as they do in many other animals. In most vertebrates, this crossing transfers information from the right eye to the left side of the brain and vice versa. Panaroli reasoned that the absence of this crossing granted chameleons greater freedom of eye movement.

Isaac Newton later supported Panaroli's conclusions. He referenced chameleons in his 1704 book Optiks, a collection of three decades of his ideas on color and light. However, French anatomist Claude Perrault had already drawn a much more accurate representation in 1669, showing two optic nerves that crossed and then continued straight. His illustration received little attention from Newton's contemporaries, even though it was one of the clearest early depictions.

Why the Optic Nerve Coils Went Unnoticed

Over time, published diagrams came close to showing the true shape of the optic nerves but never captured it fully. Johann Fischer's 1852 treatise on lizard neuroanatomy included part of the coil but omitted the remainder, and Fischer never described the curled structure. In 2015, Lev-Ari Thidar, a master's student at the University of Haifa, noted a C-shaped section of the nerve. Only after a detailed literature search did the modern research team confirm that no complete description of the coil existed.




How such a distinctive feature remained hidden for so long became clear as scientists examined historical research methods. Earlier studies relied heavily on physical dissections. These procedures frequently damaged or shifted the fragile optic nerves, making accurate observations nearly impossible.

"Throughout history people have looked at chameleon eyes because they're interesting," Stanley said. "But if you physically dissect the animal, you lose information that can tell the full story."

CT Imaging and Open Access Data Transform Research

Today, CT scanning is widespread in medical and scientific settings. High-resolution X-ray CT makes it possible to view structures concealed inside preserved specimens, including the interior of a chameleon's skull.

Spotting a coiled optic nerve in one chameleon provided an important clue, but researchers needed broader evidence. Fortunately, they had access to extensive digital resources through oVert (short for openVertebrate). This project, led by the Florida Museum of Natural History and involving 18 U.S. institutions, offers public access to 3D digital models of vertebrate anatomy.

"These digital methods are revolutionizing the field," Daza said. "Before, you couldn't discover details like this. But with these methods, you can see things without affecting the anatomy or damaging the specimen."

Comparing Chameleons With Other Reptiles

Using oVert datasets, the team examined CT scans from more than thirty lizards and snakes, including three chameleon species representing major lineages. They built 3D brain models for 18 of these reptiles and measured the optic nerves in each. All three chameleon species displayed optic nerves that were significantly longer and more tightly coiled than those of the other lizards. This confirmed that the initial finding in Daza's lab was representative of the group.

The researchers then investigated how the coils develop in young chameleons. Examining embryos of the veiled chameleon (Chamaeleo calyptratus) at three stages, they noted that the optic nerves start straight and lengthen over time, eventually forming loops before the animal hatches. Hatchlings already possess fully mobile eyes.

Evolutionary Context for the Eye Coils

Determining when this feature evolved is more difficult. The oldest known chameleon fossils date to the early Miocene, about 16 to 23 million years ago, long after many of their arboreal adaptations had appeared. These fossils do not reveal much about the sequence in which traits emerged. However, the newly documented nerve coils provide a clue about why this adaptation may have arisen.

Many vertebrates with large eyes expand their field of view in one of two ways: by turning their head or by moving their eyes extensively. Owls and lemurs rotate their necks to look around. Humans and some other mammals rely on stretchy optic nerves that allow substantial eye movement. Rodents achieve a similar effect with wavy nerve fibers that add flexibility.

Chameleons, however, do not have flexible necks. The researchers suggest that the coiled optic nerve developed as a workaround, giving the eyes extra slack and reducing strain as they pivot. A comparable adaptation has been observed only in a few invertebrates, such as the stalk-eyed fly.

"You can compare optic nerves with old phones," Daza said. "The first phones just had a simple, straight cord attached to the headset, but then someone had the idea to coil the cord and give it more slack so people could walk farther while holding it. That's what these animals are doing: They're maximizing the range of motion of the eye by creating this coiled structure."

Continuing the Search for Visual Adaptations

Even with thousands of years of interest in chameleons, new surprises continue to emerge. Researchers now wonder whether other tree-dwelling lizards evolved similar solutions. Stanley and Daza plan to explore this question in future work.

"These giants we've cited -- Newton, Aristotle and others -- have inspired natural historians for centuries," Stanley said. "It's exciting to be the ones taking the next step along the long road to understanding what on earth is going on in chameleons."

The authors published their study in the journal Scientific Reports.
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Scientists finally discover what's fueling massive sargassum blooms | ScienceDaily

The algae originate in the Sargasso Sea east of Florida. Since 2011, scientists have tracked the recurring appearance of the Great Atlantic Sargassum Belt, a massive band of gulfweed that moves from the equator toward the Caribbean during periods of strong easterly winds. Until recently, the source of the phosphorus (P) and nitrogen (N) that fueled its rapid growth remained uncertain. Some had proposed that agricultural runoff or nutrients released by rainforest deforestation were responsible. These explanations, however, do not match the steady increase in Sargassum biomass seen in recent years.

Identifying the Forces Behind the Blooms

A team of international researchers led by the Max Planck Institute for Chemistry has now determined the primary process driving these large-scale blooms. They have also identified the climate patterns that set the stage for this growth, allowing them to begin developing a system that could predict future Sargassum arrivals.

In a recent publication in Nature Geoscience, the researchers describe how strong wind-driven upwelling near the equator brings phosphorus-rich deep water to the surface and transports it northward into the Caribbean. The increased supply of phosphorus benefits cyanobacteria that live on the surface of the brown algae. These microorganisms capture atmospheric nitrogen gas (N2) and convert it into a form that Sargassum can use, a process known as nitrogen fixation. Cyanobacteria commonly colonize Sargassum, forming a partnership that provides the algae with an extra nitrogen source. According to the study, this symbiosis offers Sargassum a competitive advantage over other algae in the Equatorial Atlantic and helps explain the changes in Sargassum abundance recorded in past years.

Coral Cores Reveal a Century of Nitrogen Fixation

The team linked algae growth, enhanced nitrogen fixation, and the upwelling of cool, nutrient-rich waters by studying coral cores collected across the Caribbean. Corals serve as long-term environmental archives because their skeletons incorporate chemical traces from the surrounding water as they grow. By examining their yearly growth layers, similar to tree rings, scientists can reconstruct changes in ocean chemistry over centuries.




In this study, the researchers measured the nitrogen isotopic composition in corals to infer how much nitrogen microorganisms have fixed over the past 120 years. During nitrogen fixation, bacteria reduce the ratio of the stable nitrogen isotopes 15N to 14N in seawater. When corals display low 15N to 14N ratios, it signals periods of increased nitrogen fixation. To confirm the meaning of these chemical signatures, seawater samples collected by the research vessel Eugen Seibold were used to calibrate the nitrogen isotopes in modern corals, demonstrating that they reliably record nitrogen fixation.

Coupled Trends Since 2011

Jonathan Jung, a PhD student at the Max Planck Institute for Chemistry and the study's lead author, explains, "In the first set of measurements we noticed two significant increases in nitrogen fixation in 2015 and 2018, two years of record Sargassum blooms. So we compared our coral reconstruction with annual Sargassum biomass data, and the two records aligned perfectly! At that time, however, it was not at all clear whether there was a causal link."

A deeper comparison showed that algae biomass and nitrogen fixation have been consistently linked since 2011, including both high and low values. This timing is notable because in 2010 strong winds transported brown algae from the Sargasso Sea into the tropical Atlantic for the first time.

Ruling Out Other Nutrient Sources

After eliminating other ideas, the team concluded that an oversupply of phosphorus is the main factor behind major Sargassum events. Earlier theories that Saharan dust carried iron that could stimulate algae growth did not match biomass records. Similarly, nutrient inputs from the Amazon or Orinoco rivers showed no correlation with the timing or intensity of Sargassum blooms.




A Mechanism That Improves Future Predictions

The researchers describe a process in which phosphorus delivered by upwelling deep water and nitrogen supplied by nitrogen-fixing bacteria together fuel the blooms seen over past decades. Geochemist Jung notes, "Our mechanism explains the variability of Sargassum growth better than any previous approaches. However, there is still uncertainty as to whether and to what extent other factors also play a role."

The arrival of phosphorus-rich water depends on cooler sea surface temperatures in the tropical North Atlantic and warmer conditions in the southern Atlantic. These temperature differences shift air pressure patterns, creating changes in wind strength and direction that move surface waters aside and allow the deeper phosphorus-rich water to rise.

According to the researchers in Mainz, monitoring wind conditions, sea surface temperatures, and associated upwelling patterns in the equatorial Atlantic can help refine predictions of future Sargassum growth. Alfredo Martinez-Garcia, group leader at the Max Planck Institute for Chemistry and senior author of the study, explains, "Ultimately, the future of Sargassum in the tropical Atlantic will depend upon how global warming affects the processes that drive the supply of excess phosphorous to the equatorial Atlantic." The team plans to expand their analysis by examining new coral records from multiple locations throughout the Caribbean. They expect that these insights will support efforts to protect coral reefs and help coastal communities manage the growing ecological and economic impacts of Sargassum blooms.
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Simple molecule shows remarkable Alzheimer's reversal in rats | ScienceDaily
A research team at the Federal University of ABC (UFABC) in Brazil has created a new chemical compound that may offer a promising way to treat Alzheimer's disease. Their work involved a combination of computer-based modeling (in silico), laboratory tests with cell cultures (in vitro), and experiments in animals (in vivo). After obtaining encouraging early results, the scientists are now looking to collaborate with pharmaceutical companies to move toward clinical trials.


						
The compounds, developed with support from FAPESP, are easy to produce and are thought to work by breaking down beta-amyloid plaques that build up in the brains of people with Alzheimer's disease. These plaques form when amyloid peptide fragments accumulate between neurons, triggering inflammation and interfering with communication between brain cells.

Targeting Copper to Break Down Beta-Amyloid Plaques

A study published in ACS Chemical Neuroscience reports that the compounds function as copper chelators. By binding to excess copper found within beta-amyloid plaques, the molecules help degrade these toxic structures and lessen symptoms associated with the disease. Tests in rats showed that the compound reduced memory impairments, improved spatial awareness, and enhanced learning ability. Biochemical analysis also revealed a reversal in the pattern of beta-amyloid plaques.

"About a decade ago, international studies began to point to the influence of copper ions as an aggregator of beta-amyloid plaques. It was discovered that genetic mutations and changes in enzymes that act in the transport of copper in cells could lead to the accumulation of the element in the brain, favoring the aggregation of these plaques. Thus, the regulation of copper homeostasis [balance] has become one of the focuses for the treatment of Alzheimer's," explains Giselle Cerchiaro, a professor at the Center for Natural and Human Sciences at UFABC who coordinated the study.

Designing Molecules That Reach the Brain

Using this understanding, the research team created molecules that can cross the blood-brain barrier and remove copper from beta-amyloid plaques. Ten candidate molecules were developed, and three advanced to testing in rats with induced Alzheimer's disease. One compound showed particularly strong results for both effectiveness and safety.




This work formed the basis of the doctoral thesis of FAPESP scholarship recipient Mariana L. M. Camargo, the master's thesis of Giovana Bertazzo, and the undergraduate research project of Augusto Farias. A team led by Kleber Thiago de Oliveira at the Federal University of Sao Carlos (UFSCar) contributed by synthesizing one of the compounds included in the study.

Improvements in Brain Health and Behavior

In experiments with rats, the compound lowered neuroinflammation and oxidative stress and restored copper balance in the hippocampus, the brain region responsible for memory processing. Treated animals also demonstrated better performance in tasks requiring spatial navigation.

Beyond these behavioral improvements, the compound proved non-toxic in both hippocampal cell cultures and the animals themselves, whose vital signs were closely followed throughout the experiments. Computer models confirmed that the compound can cross the blood-brain barrier and reach the areas most affected by Alzheimer's-related damage.

A Potentially Affordable New Direction for Alzheimer's Care

Alzheimer's disease is a complex and multifaceted neurodegenerative condition with no cure and no clearly defined cause. While an estimated 50 million people worldwide are affected, current treatment options are limited and often provide only partial symptom relief or rely on costly therapies such as monoclonal antibodies.

The findings from UFABC have already resulted in a patent application, and the team hopes to secure industry partnerships to begin clinical trials in humans. "It's an extremely simple, safe, and effective molecule. The compound we've developed is much less expensive than available drugs. Therefore, even if it only works for part of the population, since Alzheimer's disease has multiple causes, it'd represent a huge advance over current options," Cerchiaro celebrates.
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Inflammation turns bone marrow into a breeding ground for disease | ScienceDaily
Every moment, the bone marrow generates millions of fresh blood and immune cells. This nonstop renewal depends on a carefully balanced relationship between hematopoietic stem cells (HSCs), supportive stromal cells, and a network of immune signals.


						
Over the years, this balance becomes vulnerable. Aging, chronic inflammation, or somatic mutations can disrupt communication among these cell groups, reducing normal stem-cell renewal and allowing mutated HSCs to expand unnoticed. This process leads to clonal hematopoiesis of indeterminate potential (CHIP), which appears in about 10 to 20% of adults over 60 and nearly 30% of those over 80.

Although people with CHIP typically have no symptoms, the condition increases the risk of blood cancers by tenfold and doubles the likelihood of cardiovascular disease and early death. Myelodysplastic syndrome (MDS), a related disorder involving clonal HSCs, causes inefficient blood-cell production and gradual failure of the bone marrow. It affects up to 20 in every 100,000 adults over 70, and around 30% of cases advance to acute myeloid leukemia (AML), an aggressive and often fatal cancer.

Despite the seriousness of these disorders, the contribution of the bone marrow microenvironment to their development has remained unclear.

Mapping Hidden Changes in the Bone Marrow Microenvironment

To better understand how mutated HSC clones gain dominance, an international research team co-led by Judith Zaugg from EMBL and University of Basel and Borhane Guezguez from UMC Mainz carried out an extensive molecular and spatial analysis of human bone marrow. The samples came from the BoHemE cohort study in collaboration with Uwe Platzbecker at the National Center for Tumor Diseases (NCT) Dresden.

Using single-cell RNA sequencing, biopsy imaging, proteomics, and co-culture models, the researchers created a detailed map of the bone marrow microenvironment in healthy donors (including those with CHIP) and in patients with MDS. Their analysis revealed an unexpected cellular shift that begins long before clinical signs appear. The team found that a population of inflammatory stromal cells gradually replaces the usual mesenchymal stromal cells (MSC) that support stem-cell function.




"I was surprised to observe such pronounced remodeling of the bone marrow microenvironment already in individuals with CHIP, although the underlying cause-and-effect relationships remain unclear," said Zaugg, co-senior author, EMBL Group Leader, and Professor at Basel University.

Unlike healthy stromal cells, these inflammatory MSCs (iMSC) produce large amounts of interferon-induced cytokines and chemokines. These molecules attract and activate interferon-responsive T cells, which then intensify the inflammatory activity. This creates a feed-forward loop that maintains chronic inflammation, disrupts normal blood formation, and contributes to vascular changes in the marrow.

Identifying What Drives Bone Marrow Inflammation

Interestingly, the researchers did not find signs that mutated hematopoietic cells in MDS directly trigger this inflammatory response. They were able to separate mutated from non-mutated cells using SpliceUp, a computational method developed by co-lead author and EMBL alumnus Maksim Kholmatov in collaboration with Pedro Moura and Eva Hellstrom-Lindberg from Karolinska Institute. SpliceUp identifies mutated cells in single-cell datasets by detecting abnormal RNA-splicing patterns. In MDS, the inflammatory network within the microenvironment becomes dominant and replaces much of the marrow's normal regenerative structure.

"Another striking observation was that MDS stem cells couldn't trigger stromal cells to produce CXCL12, an important signal that triggers blood cells to settle in the bone marrow. This failure may help explain why the bone marrow stops working properly," said Karin Prummel, co-lead author and EMBL postdoc.

"It was quite surprising to see the lack of a direct inflammatory effect that we could attribute to the mutant cells," said Maksim Kholmatov, co-lead author and EMBL alumnus. "However, when viewed in the context of changes in the T cell and stromal compartments, it underlines the importance of the bone marrow microenvironment in shaping disease progression."

Inflammation as an Early Driver of Blood Disease




These findings indicate that inflammation plays a central role in the earliest phases of disease and highlight the bone marrow microenvironment (also called the bone marrow niche) as a key therapeutic focus. By directing attention to the ecosystem that supports mutated stem cells rather than the mutated cells alone, the research points to new opportunities for early treatment and prevention.

Anti-inflammatory drugs or therapies that adjust interferon signaling may help preserve marrow function in older adults with CHIP. Combining targeted treatments with therapies that act on the microenvironment could slow or prevent the transition from CHIP to MDS or AML. The specific molecular features of iMSCs and interferon-responsive T cells may also serve as early biomarkers for people at elevated risk.

"Our findings reveal that the bone marrow microenvironment actively shapes the earliest stages of malignant evolution," said Guezguez, Principal Investigator in the Department of Hematology at UMC Mainz and co-senior author. "As advances in molecular profiling allow us to detect pre-leukemic states years before clinical onset, understanding how stromal and immune cells interact provides a foundation for preventive therapies that intercept disease progression before leukemia develops."

Inflammaging and the Wider Impact on Age-Related Disease

Beyond blood disorders, the results contribute to a broader understanding of 'inflammaging', the low-level, chronic inflammation that supports many age-related conditions, including cancer and cardiovascular and metabolic disease. The bone marrow, once considered only a site of blood production, now appears to be both affected by and responsible for systemic inflammatory aging. By showing how interactions between immune and stromal cells drive these changes, the study offers a model for exploring inflammatory remodeling in other myeloid malignancies and advanced leukemia.

"It will be crucial to study these processes over time; our current findings are based on cross-sectional data," Zaugg said. "This has important implications for therapies that replace malignant cells but leave the bone marrow niche intact, such as blood stem cell transplantation. We are now investigating to what extent the niche retains a 'memory' of disease, which could shape how it responds to new, healthy stem cells."

The work appears alongside a complementary study examining the MDS bone marrow microenvironment, also published in Nature Communications and led by Marc Raaijmakers from Erasmus MC Cancer Institute in Rotterdam. Together, the two studies offer a more complete view of inflammatory remodeling during the early phases of bone marrow disease.

The research involved collaborators from UMC Mainz, University of Basel, University Hospital Dresden, Karolinska Institute Sweden, The Jackson Laboratory USA, Sorbonne University, France, and DKTK partner institutions, including DKFZ and NCT Dresden. Funding came from the DKTK-CHOICE programme, the ERC grant EpiNicheAML to Judith Zaugg, the MCSA-funded ITN ENHPATHY, EMBO, Swiss National Foundation, and the Jose Carreras Leukamie-Stiftung.
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Everyday microplastics could be fueling heart disease | ScienceDaily
A research team at the University of California, Riverside has found that routine exposure to microplastics -- tiny pieces released from packaging, fabrics, and common consumer plastics -- may speed up the formation of atherosclerosis, the artery-narrowing condition associated with heart attacks and strokes. The effect appeared only in male mice, offering new insight into how microplastics may influence cardiovascular health in people.


						
"Our findings fit into a broader pattern seen in cardiovascular research, where males and females often respond differently," said lead researcher Changcheng Zhou, a professor of biomedical sciences in the UCR School of Medicine. "Although the precise mechanism isn't yet known, factors like sex chromosomes and hormones, particularly the protective effects of estrogen, may play a role."

Microplastics Found Throughout the Environment and the Body

Microplastics are found widely in the modern environment, including in food, drinking water, and the air. They have also been detected inside the human body. Recent clinical studies have identified microplastics in atherosclerotic plaques and associated higher concentrations with elevated cardiovascular risk, although it was not clear whether these particles directly cause arterial injury.

"It's nearly impossible to avoid microplastics completely," Zhou said. "Still, the best strategy is to reduce exposure by limiting plastic use in food and water containers, reducing single-use plastics, and avoiding highly-processed foods. There are currently no effective ways to remove microplastics from the body, so minimizing exposure and maintaining overall cardiovascular health -- through diet, exercise, and managing risk factors -- remains essential."

Study Design Using a Heart Disease Mouse Model

In their paper published in Environment International, Zhou and colleagues describe their use of LDLR-deficient mice, a common model for examining atherosclerosis. Both male and female mice were placed on a low-fat, low-cholesterol diet similar to what a lean and healthy person might eat.




The team then administered microplastics daily (10 milligrams per kilogram of body weight) for nine weeks. This amount reflects levels that could realistically be encountered through contaminated food and water.

Microplastics Intensify Plaque Formation in Male Mice

The results showed a sharp increase in atherosclerosis, but only in males. Male mice exposed to microplastics developed 63% more plaque in the aortic root, the segment of the aorta connected to the heart, and 624% more plaque in the brachiocephalic artery, a major vessel branching from the aorta in the upper chest. Female mice exposed to the same conditions did not show significant plaque progression.

The researchers confirmed that microplastics did not cause weight gain or increased cholesterol in either sex. The mice stayed lean, and their lipid profiles remained unchanged, indicating that traditional risk factors such as obesity or high cholesterol did not explain the heightened arterial damage.

Disruption of Artery-Lining Cells

The study also showed that microplastics interfered with the function and makeup of cells lining the arteries. Using single-cell RNA sequencing, which identifies gene activity in individual cells, the researchers observed that microplastics altered several cell types involved in atherosclerosis. Endothelial cells -- the cells that form the inner lining of blood vessels and help regulate inflammation and circulation -- were affected the most.




"We found endothelial cells were the most affected by microplastic exposure," Zhou said. "Since endothelial cells are the first to encounter circulating microplastics, their dysfunction can initiate inflammation and plaque formation."

Microplastics Enter Arterial Plaques and Alter Gene Activity

Fluorescent microplastics used in the study were found inside plaques and concentrated within the endothelial layer, consistent with reports from human samples that have revealed microplastics in arterial lesions.

Another key observation was that microplastics activated harmful gene pathways in endothelial cells from both mice and humans. This included genes associated with pro-atherogenic (plaque-promoting) activity, suggesting that microplastics trigger similar biological responses across species.

"Our study provides some of the strongest evidence so far that microplastics may directly contribute to cardiovascular disease, not just correlate with it," Zhou said. "The surprising sex-specific effect -- harming males but not females -- could help researchers uncover protective factors or mechanisms that differ between men and women."

Future Research on Sex Differences and Microplastic Types

Zhou and his team emphasize that more work is needed to determine why males appear more susceptible. The group plans to investigate whether humans show similar patterns.

"We would like to investigate how different types or sizes of microplastics affect vascular cells," Zhou said. "We will also look into the molecular mechanisms behind endothelial dysfunction and explore how microplastics affect male and female arteries differently. As microplastic pollution continues to rise worldwide, understanding its impacts on human health -- including heart disease -- is becoming more urgent than ever."

Zhou conducted the study with collaborators from UCR, Boston Children's Hospital and Harvard Medical School in Massachusetts, and the University of New Mexico Health Sciences.

The work received partial support from the National Institutes of Health.

The title of the paper is "Microplastic exposure elicits sex-specific atherosclerosis development in lean low-density lipoprotein receptor-deficient mice."
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New antibody breakthrough could finally slow polycystic kidney disease | ScienceDaily
Polycystic kidney disease (PKD) is an inherited disorder in which clusters of fluid-filled cysts gradually develop within the kidneys. As these cysts enlarge and multiply, they damage the surrounding tissue and limit the organs' ability to function. Many people with advanced PKD eventually require dialysis. There is currently no cure.


						
Researchers at UC Santa Barbara are exploring a new therapeutic direction that aims to reach and disrupt the uncontrolled expansion of these cysts by using carefully designed monoclonal antibodies -- lab-made proteins commonly used in immunotherapy.

"The cysts just keep growing endlessly," said UCSB biologist Thomas Weimbs, senior author of the study published in Cell Reports Medicine. "And we want to stop them. So we need to get a drug into these cysts that will make them stop."

This work received partial support from the National Institutes of Health and the U.S. Department of Defense.

Why Current Treatments Fall Short

Interrupting a runaway process There are several small-molecule drugs that show potential for slowing cyst expansion. However, according to Weimbs, the only approved drug that offers some benefit also brings significant side effects and toxicity to nearby kidney tissue. Therapeutic antibodies grown in the lab can be more selective, but the form most commonly produced today, immunoglobulin G (IgG), is too large to enter the cysts.

"They're very successful for cancer therapy," Weimbs said. "But IgG antibodies never cross the cell layers and they can never make it inside the cysts." This limitation is crucial, he added, because the interior of each cyst -- essentially a sealed chamber lined with epithelial cells -- is the location where disease-driving activity occurs.




"Many of the cyst-lining cells actually make growth factors and they secrete them into the cyst fluid," he explained. "And these growth factors then bind back to the same cells or to neighboring cells and continue to stimulate themselves and each other. It's like a never-ending scheme in which the cells just keep activating themselves and other cells in there. Our premise was that if you block either the growth factor or the receptor for the growth factor, you should be able to stop this constant activation of the cells."

A New Antibody Designed to Enter Kidney Cysts

Enter dimeric immunoglobulin A (dIgA), a monoclonal antibody that can cross epithelial membranes. In nature, dIgA is produced as part of the immune system and is released into tears, saliva and mucus as an early defense against pathogens. In a 2015 paper, Weimbs and colleagues proposed that by binding to polymeric immunoglobulin receptors on epithelial cells, dIgA could move in a one-way direction through the membrane and into kidney cysts, allowing it to reach specific receptors involved in the growth cycle.

The new study builds on that earlier hypothesis and demonstrates that this strategy can work by targeting a key driver of cyst development, the cell mesenchymal-epithelial transition (cMET) receptor.

Testing a Cyst-Penetrating Antibody

The research team first modified the antibody by altering the IgG DNA sequence to "give it a different backbone" that converted it into a dIgA antibody. They then verified that the redesigned protein could recognize the intended receptor and proceeded to test it in mouse models. The antibody successfully entered the cysts and remained there.




"The next question was, could it actually block that particular growth factor receptor," Weimbs said. Their findings showed that activity of the cMET receptor decreased, which reduced the signals that encourage cell growth. In addition, the paper reports that the treatment triggered a "dramatic onset of apoptosis (cell death) in cyst epithelial cells, but not in healthy renal tissue" without any noticeable harmful effects.

Looking Ahead to Future Applications

Because the work is still in the preclinical stage, Weimbs emphasized that it will be some time before this approach can be adapted for human treatment. The researchers now face several challenges, including finding partners interested in PKD therapies, accessing technology needed to generate more antibody variants, and identifying additional biological targets that may be suitable for similar strategies.

"In the literature there are dozens of growth factors that have been shown to be active in these cyst fluids," Weimbs said. "So it would be a good idea to compare blocking of several different growth factors and several receptors, maybe side-by-side to see which is the most effective, and see if we can achieve slowing or reversal of the disease with any one of them. We can also combine different antibodies against different receptors at the same time. That would be the next step."

Research in this paper was also conducted by Margaret F. Schimmel (lead author), Bryan C. Bourgeois, Alison K. Spindt, Sage A. Patel, Tiffany Chin, Gavin E. Cornick and Yuqi Lu at UCSB.
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Ancient bogs reveal a hidden 15,000-year climate shift | ScienceDaily
Scientists report that ancient bogs located throughout the Southern Hemisphere contain important clues to a significant change in Earth's climate thousands of years in the past. Researchers studying peatlands found that abrupt movements in the Southern Westerly Winds 15,000 years ago set off a large expansion of these wetland systems.


						
For many years, geoscientists have lacked a clear explanation for why vast bogs appeared across the Southern Hemisphere after the last Ice Age. According to a new study published in Nature Geoscience, the research team now believes that rapid shifts in regional wind patterns created conditions that favored widespread peatland development. The project was coordinated by the University of Southampton and included contributions from specialists around the world.

Lead author Dr. Zoe Thomas explained that the results indicate the winds influence not only the amount of carbon stored within peatlands, but also the exchange of CO2 between the ocean and the atmosphere. She said: "When the winds shifted north 15,000 years ago, they changed the stirring action in the Southern Ocean which acts as the largest natural carbon sink on Earth."

Tracking Peat Formation Across the Southern Hemisphere

Peatlands act as major natural reservoirs of carbon. They form when waterlogged soils accumulate layers of dead vegetation over thousands of years. To investigate how and when these environments developed, the researchers examined peat samples collected from South America, Australasia, southern Africa and the sub-Antarctic islands. Radiocarbon-dating allowed the team to identify the periods when conditions became sufficiently cool and wet for plants to grow, decay and gradually produce thick peat layers.

Dr. Thomas noted: "We found a clear pattern -- major peat growth occurred at the same time the winds shifted north or south, coinciding with changing atmospheric levels of carbon dioxide."

Modern Wind Shifts and Climate Risk

Recent measurements show that the Southern Westerly Winds are moving again, this time toward the South Pole as a result of climate change.

If this progression continues, Dr. Thomas cautioned that the ocean's capacity to absorb carbon could be significantly reduced. She added: "This southerly shift has already led to increases in continental droughts and wildfires across the southern landmasses."

Co-author Dr. Haidee Cadd from the University of Wollongong in Australia emphasized the broader implications. She said: "If the planet's largest carbon sink becomes less effective, it will accelerate the rate at which CO2 accumulates in the atmosphere, amplifying global warming trends."
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How to keep Ozempic/Wegovy weight loss without the nausea | ScienceDaily
New studies are revealing how medications that act on the glucagon-like peptide-1 (GLP-1) system influence brain networks tied to nausea, thirst, and reward-driven behaviors. GLP-1 drugs include commonly used treatments such as semaglutide (Ozempic, Wegovy), liraglutide (Victoza, Saxenda), and tirzepatide (Mounjaro, Zepbound). These findings will be featured at Neuroscience 2025, the Society for Neuroscience's annual meeting and the largest global event for new research in brain science and health.


						
Medications that work through the GLP-1 system are widely prescribed for type 2 diabetes and obesity. They imitate a natural hormone released in the digestive tract after eating and signal the brain to reduce hunger. Although these drugs are effective, up to 40% of people taking them experience side effects such as nausea and vomiting, which often lead to stopping treatment. Scientists are now examining whether the helpful actions of GLP-1 medications can be separated from the uncomfortable ones, and whether these drugs might have additional therapeutic applications.

Key New Findings Across Brain and Behavior

Today's new findings show that:

Combining low doses of the drug tirzepatide, a "dual agonist" that works, in part, by activating GLP-1 receptors, with the hormone oxytocin results in weight loss without gastrointestinal side effects in obese rats. (James E. Blevins, University of Washington)

Nerve cells in the area postrema -- the brain's vomit center -- are important for both weight loss and nausea in response to GLP-1 drugs in mice. (Warren Yacawych, University of Michigan)

In mice, activation of GLP-1 receptors on cells in the central amygdala activates a newly identified brain circuit that suppresses signals driving pleasure-based eating. (Ali D. Guler, University of Virginia)

GLP-1 receptor agonists suppress thirst as well as appetite, and a region in the forebrain of rats called the median preoptic area appears to be involved in this effect. (Derek Daniels, University at Buffalo)




"Research demonstrates an effect of these medications on the brain beyond treating diabetes and obesity, via mechanisms that are still not fully understood," says Lorenzo Leggio, MD, PhD, a physician-scientist and clinical director of the National Institute on Drug Abuse (NIDA), part of the National Institutes of Health. "GLP-1 therapies appear to have multiple synergistic effects that may be useful for treating chronic diseases with overlapping neural mechanisms, including binge eating disorders and addictive disorders."

This research was funded by national agencies including the National Institutes of Health (NIH), the Department of Veterans Affairs (VA), and private organizations. The authors are solely responsible for the content, which does not necessarily represent the views of NIH or VA. Media credentials are required for full in-person and online access to Neuroscience 2025.

Highlights From the GLP-1 Press Conference
    	GLP-1 medications effectively treat type 2 diabetes and obesity by curbing hunger, but these drugs often cause gastrointestinal side effects like nausea and vomiting, as well as decreases in other motivated behaviors like thirst.
    	Working with rodent models, research demonstrates that GLP-1 drugs affect reward processing in the brain, and ongoing efforts are working to reduce the gastrointestinal side effects of these drugs.

Oxytocin May Enhance Tirzepatide's Weight-Loss Benefits

James E. Blevins, Abstract PSTR033.02
    	Tirzepatide (TZP; Mounjaro(r)) is a dual GLP-1 receptor (GLP-1R)/glucose-dependent insulinotropic polypeptide receptor (GIPR) agonist approved for obesity and type 2 diabetes, but it can also lead to nausea, vomiting, and loss of muscle mass. Oxytocin, a hormone known for its role in social behavior, can reduce bodyweight without causing nausea or vomiting.
    	In this study, obese rats were treated with low doses of TZP combined with oxytocin. Researchers monitored changes in bodyweight and kaolin intake -- a soft clay animals consume when nauseated -- over 28 days.
    	Oxytocin and low-dose TZP each produced a 6-7% reduction in bodyweight when used alone, but the combination nearly doubled the effect to 11%. Food intake and body fat mass decreased without an increase in kaolin consumption, indicating the absence of gastrointestinal discomfort.
    	These findings suggest that pairing oxytocin with lower doses of TZP may promote weight loss while minimizing unpleasant side effects.

Pinpointing the Brain Region Responsible for Both Nausea and Weight Loss

Warren Yacawych, Abstract PSTR083.12
    	GLP-1 receptor agonists reduce hunger and support weight loss through actions in the brain. However, they also frequently cause nausea and vomiting. To understand how these effects are controlled, researchers examined two key brain areas: the nucleus tractus solitarius (NTS) -- involved in satiety -- and the area postrema -- involved in vomiting.
    	Although NTS cells containing GLP-1 receptors naturally help regulate bodyweight, directly targeting this region with GLP-1 receptor agonists did not lead to weight loss. In contrast, targeting the area postrema -- the brain's vomit center -- produced both weight loss and nausea.
    	The results indicate that the area postrema is central to both the beneficial and unpleasant effects of GLP-1 receptor agonists. Separating appetite suppression from nausea will be a major focus for improving these medications.




A Newly Identified Brain Circuit That Dampens Reward-Driven Eating

Ali D. Guler, Abstract PSTR151.06
    	GLP-1 receptor agonists can reduce appetite and bodyweight, but the precise neural pathways behind these effects are still being mapped. Using genetically engineered mice, researchers demonstrated that GLP-1 drugs influence two major brain systems: one that regulates hunger and another that reduces cravings for highly "rewarding" foods.
    	The team studied GLP-1 receptor-expressing cells in the central amygdala. When activated, these cells lowered food intake. They send signals to the ventral tegmental area, which is important for dopamine responses to "rewarding" stimuli.
    	Activation of these central amygdala neurons lowered dopamine activity in this reward circuit, revealing a pathway that connects the amygdala, brainstem, and midbrain. This circuit appears relevant to pleasure-based eating, binge eating, addiction, and other conditions involving reward-related behaviors.

How GLP-1 Drugs Influence Thirst and Hydration Signals

Derek Daniels, Abstract PSTR083.03
    	GLP-1 receptor agonists decrease thirst in addition to reducing food intake. Brattleboro rats, a specific laboratory strain, are especially sensitive to this thirst-suppressing effect.
    	Researchers observed that brain regions involved in thirst -- including the nucleus of the solitary tract and the median preoptic area -- showed significant changes in GLP-1 receptor expression after thirsty Brattleboro rats were rehydrated.
    	These results offer insight into why GLP-1 drugs affect thirst and may guide the development of medications that maintain metabolic benefits without altering hydration behaviors.
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Nearly 47 million Americans live near hidden fossil fuel sites | ScienceDaily
Fossil fuels pollute the air when they are extracted and when they are burned, but the steps between those two points involve far more than familiar scenes of drilling equipment and smoke-filled power plants. These visible operations represent only the beginning and end of a five-stage process that brings fossil fuels from the ground to their final use.


						
Oil and gas move through several additional stages before reaching power facilities. They are refined to remove unwanted materials, stored in specialized facilities, and transported across the country. These activities form a vast mid-supply chain network that stretches across the United States and often operates out of public view.

Millions Live Near Fossil Fuel Infrastructure

A new analysis led by Boston University researchers provides the first nationwide estimate of how many people live close to this infrastructure. Published in Environmental Research Letters, the study finds that 46.6 million people in the contiguous United States live within 1.6 km (roughly a mile) of at least one component of the fossil fuel supply chain. This accounts for 14.1% of the population.

Previous studies have shown that communities near extraction sites and end-use facilities experience higher rates of adverse birth outcomes and asthma, and there is growing interest in potential links to other conditions, including leukemia. However, the health effects of living near facilities in the middle of the supply chain remain far less understood. Some sites in these stages have been found to emit volatile organic compounds and other harmful pollutants.

"This study helps us get a general size of the potential problem, and really starts the process of doing a better job of understanding exactly what the hazards are and how many people are potentially exposed," said Jonathan Buonocore, the paper's first author, an assistant professor of environmental health at BU's School of Public Health (SPH), and core faculty at BU's Institute for Global Sustainability (IGS). "Especially for these more obscure pieces of energy infrastructure, this is the first step to tracking what emissions and stressors those are imposing on the communities."

Where Americans Live Along the Energy Supply Chain

The researchers also examined how exposure varies across different types of infrastructure. Nearly 21 million Americans live near end-use facilities such as power plants. More than 20 million live within a mile of extraction sites, including oil and gas wells. Storage locations, which include peak shaving facilities, underground gas storage sites, and petroleum product terminals, have over 6 million nearby residents. Fewer people reside near refining or transportation facilities. About 9 million people live close to multiple infrastructure types, meaning they are counted in more than one category.




"There is reason to believe that there could be air pollution coming from each of these stages, from consistent pollution, gas leaks, or blowouts, when gas or oil flows from a well uncontrollably," said Mary Willis, the study's senior author, an assistant professor of epidemiology at SPH, and core faculty at IGS. "All of these stages can reasonably impact a range of population health outcomes, yet the basic information of who is even near the infrastructure components has not been examined to date."

Environmental Inequities and Urban Concentration

The study highlights clear disparities in where fossil fuel infrastructure is located. Communities that are predominantly non-white experience higher exposure across all stages of the supply chain, reinforcing findings from previous environmental justice research.

The analysis also shows that proximity is far more common in urban areas. Almost 90% of the people living near end-use, transportation, refining, and storage sites are located in cities.

Looking at individual infrastructure types revealed trends that could guide future policy. A single piece of storage infrastructure has, on average, 2,900 residents living within a mile, while an extraction site typically has only 17. This reflects the fact that extraction sites are more numerous but located in less populated regions, whereas storage facilities are fewer in number but tend to be placed in densely populated areas.

"That means that if a local policymaker in an urban area were to take interest in reducing exposures, they may receive the most impact per piece of infrastructure if they focus on storage," Buonocore said.




A New National Database Makes This Research Possible

This study is the first to use the Energy Infrastructure Exposure Intensity and Equity Indices (EI3) Database for Public Health, introduced by Buonocore and Willis in spring 2024 at the Power & People Symposium. The research team also included Fintan Mooney, Erin Campbell, Brian Sousa, Breanna van Loenen, Patricia Fabian, and Amruta Nori-Sarma.

Before EI3, information on fossil fuel infrastructure was scattered across local, state, and federal databases, and some data sources required payment or special access. With support from an IGS Sustainability Research Grant jointly funded by IGS and SPH, the team combined available data into a single national resource. Their dataset is hosted on Harvard Dataverse. The grant also helped launch the SPH Energy and Health Lab, which Buonocore and Willis co-direct.

"The study really shows that there are big knowledge gaps across the supply chain, in terms of the hazards people are being exposed to, the consequent health impacts, and who is being exposed," Buonocore said. "With a lot of these different types of infrastructure, the hazards have not been fully characterized. Characterizing hazards and understanding who is most heavily exposed should be the first steps of understanding the possible health impacts. This research takes the first steps down that path."

Looking Ahead to Better Policies and Future Research

Although some states and municipalities regulate where fossil fuel operations can take place, many areas still allow infrastructure to be located very close to homes and schools. The team hopes their work will lead to more studies that can support informed policymaking and improve public health. Future research may include detailed monitoring of air, water, noise, and light pollution near facilities, and investigations using new datasets such as Medicaid records or information on specific groups like pregnancy planners.

"We're really the first group thinking about this as an integrated system. By quantifying all of these factors at once, we're potentially able to, down the line, directly compare: what are the health effects of living near an extraction site, compared to living near a storage site?" Willis said. "Having that in one database is the first step to doing any health studies in the future on this integrated system."
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Supercomputer creates the most realistic virtual brain ever | ScienceDaily
Using the strength of one of the fastest supercomputers on the planet, scientists have created one of the most comprehensive and biologically realistic animal brain simulations ever developed. This digital reconstruction of the entire mouse cortex gives researchers a new way to explore brain function by recreating conditions such as Alzheimer's or epilepsy inside a virtual environment. It allows them to track how damage moves through neural circuits and to investigate processes involved in cognition and consciousness. The simulation includes nearly ten million neurons, 26 billion synapses, and 86 connected brain regions, capturing both structure and activity at high resolution.


						
This major accomplishment was enabled by Supercomputer Fugaku, Japan's premier high-performance system capable of performing quadrillions of calculations per second. Scientists from the Allen Institute and Tadashi Yamazaki, Ph.D., at Japan's University of Electro-Communications, partnered with three additional Japanese organizations to lead this work. The full findings will be detailed in a paper scheduled for release at SC25, the top global supercomputing conference taking place in mid-November.

A New Way to Explore Disease and Brain Function

Researchers can use this virtual cortex to study how neurological disorders form, how brain waves contribute to attention, and how seizures move through neural networks. In the past, these kinds of questions required real brain tissue and could only be addressed through individual experiments. With this model, scientists can test many ideas in a digital space. These simulations may offer early clues about how brain disorders begin before symptoms appear and provide a safe way to evaluate potential therapies.

"This shows the door is open. We can run these kinds of brain simulations effectively with enough computing power," said Anton Arkhipov, Ph.D., an investigator at the Allen Institute who worked on the project. "It's a technical milestone giving us confidence that much larger models are not only possible, but achievable with precision and scale."

This collaborative effort brings together deep neuroscience knowledge and the processing power of a world-class machine. The Allen Institute contributed the biological foundation of the virtual brain using data from the Allen Cell Types Database and the Allen Connectivity Atlas, while Fugaku handled the massive computations needed to generate the model.

How Researchers Created the Whole Cortex Simulation

Fugaku, developed by RIKEN and Fujitsu, ranks among the fastest computers ever built and can process more than 400 quadrillion operations every second. To grasp the scale of that number, counting to it at one count per second would take over 12.7 billion years (approximately the age of the universe: 13.8 billion years). The system's name, "Fugaku," refers to Mount Fuji and reflects the machine's far-reaching capability and towering performance.




"Fugaku is used for research in a wide range of computational science fields, such as astronomy, meteorology, and drug discovery, contributing to the resolution of many societal problems," said Yamazaki. "On this occasion, we utilized Fugaku for a neural circuit simulation."

The supercomputer is assembled from many small processing units called nodes. These nodes are organized into units, shelves, and racks, forming a system of 158,976 total nodes that can handle enormous amounts of data and calculations.

From Biological Data to a Living Digital Cortex

Using the Allen Institute's Brain Modeling ToolKit, the team converted biological data into a functioning digital reconstruction of the cortex. To simulate living neuronal behavior, a tool called Neulite transformed mathematical equations into virtual neurons capable of spiking, signaling, and communicating as real neurons do.

Watching the simulation is similar to observing live brain activity. The model reproduces fine details of neuron structure, synapse activity, and electrical signaling across cell membranes. "It's a technical feat, but it's only the first step," said Yamazaki. "God is in the details, so in the biophysically detailed models, I believe."

"Our long-term goal is to build whole-brain models, eventually even human models, using all the biological details our Institute is uncovering," said Arkhipov. "We're now moving from modeling single brain areas to simulating the entire brain of the mouse." With computational systems this powerful, the possibility of a complete, biologically accurate brain model is moving from concept to reality. Scientists are entering a new era in which understanding the brain also means being able to construct one.

This cutting-edge research was made possible by an international team including Laura Green, Ph.D.; Beatriz Herrera, Ph.D.; Kael Dai, B.Sc.; Rin Kuriyama, M.Sc.; and Kaaya Akira, Ph.D.
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Secret chemical traces reveal life on Earth 3. 3 billion years ago | ScienceDaily
A recent investigation has identified new chemical signs of ancient life in rocks that formed over 3.3 billion years ago. The same research uncovered molecular evidence that oxygen-producing photosynthesis began nearly a billion years earlier than scientists once believed.


						
Researchers from the Carnegie Institution for Science led an international effort that combined state-of-the-art chemical techniques with artificial intelligence. Their goal was to uncover extremely subtle chemical "whispers" of past biology hidden inside heavily altered ancient rocks. By applying machine learning, the team trained computer models to recognize faint molecular fingerprints left by living organisms long after the original biomolecules were destroyed.

Seaweed Fossils Offer a Window Into Early Complex Life

Michigan State University's Katie Maloney, an assistant professor in the Department of Earth and Environmental Sciences, contributed to the project. Her work focuses on how early complex life evolved and shaped ancient ecosystems. Maloney provided exceptionally well-preserved seaweed fossils that are roughly one billion years old, collected from Yukon Territory, Canada. These fossils are among the earliest known seaweeds in the geological record, dating to a time when most organisms were visible only under a microscope.

The study, published in the Proceedings of the National Academy of Sciences, offers new understanding of Earth's earliest biosphere. It also carries major implications for exploring life beyond Earth. The same methods could be applied to samples from Mars or other planetary bodies to determine whether they once supported life.

"Ancient rocks are full of interesting puzzles that tell us the story of life on Earth, but a few of the pieces are always missing," Maloney said. "Pairing chemical analysis and machine learning has revealed biological clues about ancient life that were previously invisible."

Why Early Biosignatures Are So Hard to Find

Life on early Earth left behind only sparse molecular evidence. Fragile materials such as primitive cells and microbial mats were buried, squeezed, heated, and fractured as the planet's crust shifted over billions of years. These intense processes destroyed most original biosignatures that could have provided insight into life's earliest stages.




Yet the new findings show that even after original molecules vanish, the arrangement of surviving fragments can still reveal important information about ancient ecosystems.

This research demonstrates that ancient life left behind more signals than scientists once suspected -- faint chemical "whispers" preserved within the rock record.

To identify these clues, the team used high-resolution chemical techniques to break down both organic and inorganic material into molecular fragments. They then trained an artificial intelligence system to recognize the chemical "fingerprints" associated with biological origins. The researchers analyzed more than 400 samples, ranging from modern plants and animals to billion-year-old fossils and meteorites. The AI system distinguished biological from nonbiological materials with over 90 percent accuracy and detected signs of photosynthesis in rocks at least 2.5 billion years old.

Doubling the Time Span for Detecting Ancient Life

Before this work, dependable molecular evidence for life had only been identified in rocks younger than 1.7 billion years. This new approach effectively doubles the period during which scientists can study chemical biosignatures.

"Ancient life leaves more than fossils; it leaves chemical echoes," said Dr. Robert Hazen, senior staff scientist at Carnegie and a co-lead author. "Using machine learning, we can now reliably interpret these echoes for the first time."

A New Way to Explore Earth's Deep Past and Other Worlds




For Maloney, who studies how early photosynthetic organisms reshaped the planet, the results are especially meaningful.

"This innovative technique helps us to read the deep time fossil record in a new way," she said. "This could help guide the search for life on other planets."
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Blocking one enzyme may break the link between alcohol and liver disease | ScienceDaily
Scientists have identified an unexpected link between the way the body processes sugar and the development of alcohol addiction. This connection also points to a promising therapeutic target for treating alcohol-associated liver disease (ALD) and alcohol use disorder (AUD).


						
A study published in Nature Metabolism by researchers at the University of Colorado Anschutz reports that alcohol activates a metabolic pathway that causes the body to produce fructose internally. Fructose is the same sugar found in many sweetened foods and drinks. This internal production relies on an enzyme called ketohexokinase (KHK), which appears to strengthen alcohol-seeking behavior while also contributing to liver damage.

Blocking KHK Reduces Drinking and Liver Injury

Experiments in mice showed that animals lacking KHK had a noticeably lower interest in alcohol. They consumed less in voluntary drinking tests, performed differently in reward-based experiments, and showed reduced activity in brain regions associated with addictive behavior.

The study also found that liver injury caused by alcohol did not develop when KHK was disrupted through genetic methods or medication. These mice had less fat buildup, less inflammation, and less scarring in their livers. The findings suggest that limiting fructose metabolism could slow or even prevent the progression of alcohol-related liver disease.

Breaking the Cycle Between Sugar and Alcohol

"Our findings show that alcohol doesn't just damage the liver directly, it hijacks the body's sugar metabolism in a way that enhances drinking behavior and worsens liver injury," said Miguel A. Lanaspa, DVM, PhD, associate research professor at CU Anschutz and senior author. "By targeting fructose metabolism, we may be able to break this cycle and develop new treatments for both alcohol addiction and liver disease."

Because alcohol-associated liver disease and metabolic dysfunction-associated steatotic liver disease (MASLD) rely on similar fructose-driven processes, the researchers suggest that treatments aimed at blocking fructose metabolism could help people with liver disease related to either alcohol or diet.




A Shared Metabolic Pathway for Liver Damage

"This discovery highlights an unexpected intersection between sugar and alcohol metabolism," said Richard Johnson, MD, professor at CU Anschutz and study co-author. "It opens exciting possibilities for developing treatments that target a common pathway underlying both metabolic and alcohol-related liver diseases."

The results offer a promising new direction for tackling alcohol addiction and liver disease, two conditions with limited effective treatment options.
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Amazon scorpion venom shows stunning power against breast cancer | ScienceDaily
The venom of an Amazonian scorpion species may contain a compound capable of helping treat breast cancer, a disease that remains one of the top causes of death among women.


						
Researchers at the University of Sao Paulo's Ribeirao Preto School of Pharmaceutical Sciences (FCFRP-USP) in Brazil have pinpointed a molecule in the toxin of Brotheas amazonicus that appears to attack breast cancer cells in a way similar to a widely used chemotherapy medication.

These early findings were generated through a collaboration with scientists from the National Institute for Amazonian Research (INPA) and the Amazonas State University (UEA), and were presented during FAPESP Week France in the Occitanie region of southern France.

"Through bioprospecting, we were able to identify a molecule in the species of this Amazonian scorpion that is similar to that found in the venoms of other scorpions and that acts against breast cancer cells," said Eliane Candiani Arantes, a professor at FCFRP-USP and the coordinator of the project.

Turning Venom Components Into Biopharmaceutical Tools

Teams at FCFRP-USP and partner institutions have long worked to clone and express bioactive molecules, including proteins from rattlesnake and scorpion venom. These efforts take place within projects supported by FAPESP and connected to the Center for Translational Science and Development of Biopharmaceuticals (CTS), housed at the Center for the Study of Venoms and Venomous Animals (CEVAP) at Sao Paulo State University (UNESP) in Botucatu.

One result of this research is CEVAP's patented fibrin sealant, described as a "biological glue." It is produced from serinoproteinase enzymes extracted from snake venom (including Bothrops neuwiedi pauloensis and Crotalus durissus terrificus) combined with cryoprecipitate enriched with fibrinogen from buffalo, cattle, or sheep.




When applied, these components form a fibrin structure resembling the body's natural clotting and tissue repair processes. The sealant has been investigated for use in nerve repair, bone healing, and restoring movement following spinal cord injury. It is currently undergoing phase three clinical trials, which represent the final evaluation stage required before approval of a new therapy.

Advancing Fibrin Sealant Technology Through Genetic Expression

Recently, researchers cloned and expressed another rattlesnake serine protease known as cholinein-1. Its amino acid sequence differs from gyroxine, a toxin taken directly from rattlesnake venom and used in fibrin sealant production.

"Our idea now is to obtain this serine protease through heterologous expression [in a fragment or complete gene from a host organism that doesn't have it naturally] in Pichia pastoris," Arantes explained.

Using this same yeast species, first isolated in France in 1950, the researchers also plan to produce an endothelial growth factor called CdtVEGF. This molecule was originally identified in the venom of Crotalus durissus terrificus.

"This growth factor favors the formation of new vessels. If we combine it with colinein-1, we can create an improved fibrin sealant compared to the one being developed at CEVAP, with the possibility of expanding the industrial scale, since it can be obtained through heterologous expression," she said.




Through similar genetic expression approaches, the team identified two neurotoxins in scorpion venom with immunosuppressive effects. Working with collaborators at INPA and UEA, they also found a molecule named BamazScplp1 in the venom of Brotheas amazonicus that appears to have anti-tumor potential.

Laboratory tests showed that the peptide's impact on breast cancer cells was comparable to paclitaxel, a commonly prescribed chemotherapy treatment. It primarily triggers necrosis, a form of cell death previously associated with molecules from other scorpion species.

"We also intend to obtain these molecules through heterologous expression," said Arantes.

Developing New Cancer Therapies With Radioisotopes

In Campinas, in the state of Sao Paulo, researchers at a Research, Innovation and Dissemination Center (RIDC) funded by FAPESP -- the Cancer Theranostics Innovation Center (CancerThera) -- are pursuing a different therapeutic strategy. Their goal is to combine diagnosis and targeted treatment in a single approach.

This method originated in Germany and involves attaching various radioisotopes to molecules that target specific tumors. These tagged molecules can then be used in imaging and treatment.

"Depending on the type of radiation emitted by the isotope we attach to the molecule -- whether positron or gamma -- we can produce images of it using the tomography equipment available at CancerThera. When we document that an isotope captures too much of a particular molecule, we can replace it with another that emits more intense radiation locally and thus treat tumors," explained Celso Dario Ramos, a professor at the School of Medical Sciences at the State University of Campinas (FCM-UNICAMP) and one of CancerThera's lead researchers.

One group at the center focuses on identifying molecules that accumulate in different cancers, while the clinical team evaluates how known compounds might be repurposed.

"We've been studying known molecules from hematological cancers, primarily multiple myeloma, as well as other unknown molecules from head and neck cancer, liver cancer, sarcomas, lung cancer, colorectal cancer, and gastric cancer, among others. In addition, we've also been studying thyroid cancer, which has been treated with radioactive material, radioactive iodine, for many years, but some patients are resistant. That's why we're trying to identify another treatment possibility, with a different radioactive material, for these patients," Ramos told Agencia FAPESP.

A Personalized Cancer Vaccine Built From Dendritic Cells

Another experimental strategy is under development at the Biomedical Sciences Institute at the University of Sao Paulo (ICB-USP), where researchers are exploring an immunotherapy based on dendritic cells.

These cells are important components of the immune system, and their functioning is often compromised in cancer patients, explained Jose Alexandre Marzagao Barbuto, a professor at ICB-USP and the project coordinator.

"A few years ago it was discovered that it's possible to take monocytes from the blood cells of cancer patients and turn them into dendritic cells in the laboratory. But the dendritic cells produced in this way are often diverted to induce tolerance."

To address this issue, the team created dendritic cells from healthy donors and fused them with cancer cells from patients, producing a personalized vaccine designed to activate the immune system against the individual's own tumor.

Results from studies involving various cancers, including more recent tests with glioblastoma patients, suggest that this strategy can be effective when the immune response it generates is properly controlled.

"The immune system interprets this vaccine, based on dendritic cells from a healthy donor fused with the patient's tumor cells, as a transplant and reacts violently," said Barbuto. "We did the first studies on patients with melanoma and kidney cancer, and the results were very good, and others with glioblastoma. Now we're hoping to carry out a phase three clinical study."

Using AI to Improve MRI Predictions for Brain Cancer

Researchers at the Cancer University Institute of Toulouse (IUCT-Oncopole) in France are also contributing to the understanding of glioblastoma. Their work investigates whether artificial intelligence applied to magnetic resonance imaging can reliably indicate whether chemotherapy patients have a DNA modification associated with treatment outcomes and survival.

The modification, known as "MGMT promoter region methylation," influences how the MGMT protein is produced and regulated.

"MGMT methylation status is an important prognostic factor, but it requires biopsies that aren't necessarily representative of the entire tumor and can vary in recurrence," said Elizabeth Moyal, a researcher at IUCT-Oncopole and coordinator of the project.

Partnering with computer scientist Ahmed Berjaoui from IRT Saint-Exupery, the team adopted AI techniques originally designed for aerospace applications to help resolve these challenges.

"We've developed a model capable of predicting survival with high accuracy, ranging from 80% to 90%, and which surpasses other existing techniques," said Berjaoui.
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A surprising CBD advance calms pain without side effects | ScienceDaily
Many people use CBD-infused oils and lotions believing they offer an easy and relatively low-risk way to ease discomfort. However, scientists still have a limited understanding of how CBD actually interacts with the nervous system.


						
The popularity of cannabis-based products has risen sharply over the past ten years. One major reason is the 2018 federal decision to remove hemp from the Controlled Substances Act, which allowed hemp-derived CBD to be legally sold and widely distributed. As a result, CBD is now commonly available in oils, creams, and cosmetic items. It is widely accepted that CBD does not cause a 'high', but its effects within the human brain and body remain poorly understood. At this time, the Food and Drug Administration only approves CBD as an additional treatment for certain types of epilepsy, and it advises against its use during pregnancy.

"We need to understand more about this compound, what mechanisms it interacts with in the brain, its impact on the body, and whether it is a potentially safer solution for treating the chronic pain epidemic," said Kuan Hong Wang, PhD, professor of Neuroscience and member of the Del Monte Institute for Neuroscience at the University of Rochester. Working with researchers at Harvard Medical School and Boston Children's Hospital, Wang's lab recently showed in mice that they could deliver CBD directly to the brain to relieve neuropathic pain without producing harmful side effects. These results were published in Cell Chemical Biology.

A New Way to Deliver CBD to the Brain

The main obstacle for researchers was the blood-brain barrier, a protective system that shields the brain from harmful substances. While essential for brain health, this barrier significantly limits how much CBD can enter the brain, especially because CBD does not dissolve well in water. As a result, very little of the CBD taken in its usual oil form reaches the brain.

To address this challenge, staff scientist Jingyu Feng, PhD, the study's first author, helped create a specialized delivery method called inclusion-complex-enhanced nano-micelle formulation, or CBD-IN. This approach encloses CBD molecules within water-soluble nano-micelles, which are considered safe for use in foods and medicines.

Tests in mice showed that CBD-IN triggered pain relief within half an hour. Importantly, the mice did not experience the common side effects often linked to conventional pain medications, such as problems with balance, movement, or memory. "The pain relief also lasted through repeated use," said Feng. "We did not see its effect wear off over time."

How CBD-IN Affects the Nervous System




With the help of imaging tools and genetic mapping, the researchers found that CBD-IN reduces excessive nerve activity in areas of the brain and spinal cord involved in processing touch and pain. This effect only appeared in regions experiencing abnormal activation, such as after a nerve injury. Healthy neurons were unaffected.

Another unexpected result was that CBD-IN did not rely on the well-known cannabinoid receptors (CB1 and CB2) typically involved when THC or other cannabis compounds act in the body. "Instead, CBD-IN seems to influence broader electrical and calcium signaling in nerve cells, offering a new way to control nerve hyperactivity without triggering the 'high' or dependency risks associated with traditional cannabinoids or opioids," Feng said.

Potential for Treating Chronic Pain and Other Brain Disorders

"The broader implication of this research is that nanotechnology can make natural compounds like CBD more effective and precise," said Wang, co-senior author of the study. "By enhancing brain delivery and targeting only disease-related neural overactivity, this strategy could open new doors for treating chronic pain and possibly other neurological disorders, such as epilepsy or neurodegenerative diseases, where abnormal nerve activity plays a central role."

This work was carried out through a collaboration involving the University of Rochester, Harvard Medical School, and Boston Children's Hospital. Additional contributors include Jessica Page, PhD, and Leeyup Chung, PhD, both co-first authors, and Zhigang He, PhD, co-senior author, from Harvard Medical School. Funding was provided by the National Institutes of Health and the Del Monte Institute for Neuroscience.
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Supercomputers decode the strange behavior of Enceladus's plumes | ScienceDaily
In the 17th century, astronomers Christiaan Huygens and Giovanni Cassini pointed some of the earliest telescopes at Saturn and made a surprising discovery. The bright structures around the planet were not solid extensions of the world itself, but separate rings formed from many thin, nested arcs.


						
Centuries later, NASA's Cassini-Huygens (Cassini) mission carried that exploration into the space age. Starting in 2005, the spacecraft returned a flood of detailed images that reshaped scientists' view of Saturn and its moons. One of the most dramatic findings came from Enceladus, a small icy moon where towering geysers shot material into space, creating a faint sub-ring around Saturn made of the ejected debris.

New computer simulations run at the Texas Advanced Computing Center (TACC), using data collected by Cassini, now provide refined estimates of how much ice Enceladus is losing to space. The updated numbers are important for understanding the moon's internal activity and for planning future robotic missions that may explore its buried ocean, which could potentially support life.

"The mass flow rates from Enceladus are between 20 to 40 percent lower than what you find in the scientific literature," said Arnaud Mahieux, a senior researcher at the Royal Belgian Institute for Space Aeronomy and an affiliate of the UT Austin Department of Aerospace Engineering & Engineering Mechanics.

Supercomputers and DSMC Models Reveal Plume Physics

Mahieux is the corresponding author of a computational study of Enceladus published August 2025 in the Journal of Geophysical Research: Planets. In this work, he and his collaborators used Direct Simulation Monte Carlo (DSMC) models to better describe how enormous plumes of water vapor and icy grains behave after erupting from cracks and vents at the surface of Enceladus.

The project builds on earlier research led by Mahieux and published in 2019. That previous study was the first to use DSMC techniques to pin down the starting conditions for the plumes, including the size of the vents, the ratio of water vapor to solid ice grains, the temperature of the material, and the speed at which it escapes into space.




"DSMC simulations are very expensive," Mahieux said. "We used TACC supercomputers back in 2015 to obtain the parameterizations to reduce computation time from 48 hours then to just a few milliseconds now."

Using these mathematical parameterizations, the team calculated key properties of Enceladus's cryovolcanic plumes, such as how dense they are and how fast the gas and particles move. They based their calculations on Cassini measurements collected while the spacecraft flew directly through the jets.

"The main finding of our new study is that for 100 cryovolcanic sources, we could constrain the mass flow rates and other parameters that were not derived before, such as the temperature at which the material was exiting. This is a big step forward in understanding what's happening on Enceladus," Mahieux said.

A Tiny Moon With Powerful Cryovolcanic Jets

Enceladus is a relatively small moon, only about 313 miles wide, and its weak gravity is not strong enough to keep the erupting jets from escaping into space. The new DSMC models are designed to represent this low-gravity environment accurately. Earlier models did not capture the physics and gas dynamics in as much detail as the current DSMC approach.

Mahieux compares the phenomenon to a volcanic eruption. What Enceladus does is akin to a volcano hurling lava into space -- except the ejecta are plumes of water vapor and ice.




The simulations track how gas in the plumes behaves on very small scales, where individual particles move, collide, and transfer energy in a way similar to marbles bouncing into one another. The models follow several millions of molecules in time steps measured in microseconds. Because of the DSMC method, scientists can now simulate conditions at lower, more realistic pressures and allow for longer distances between collisions than previous models could handle.

The Planet Code and the Power of TACC Supercomputers

David Goldstein, a professor at UT Austin and co-author of the study, led the development in 2011 of the DSMC code known as Planet. TACC granted Goldstein computing time on its Lonestar6 and Stampede3 supercomputers through The University of Texas Research cyberinfrastructure portal, which provides resources to researchers across all 14 UT system institutions.

"TACC systems have a wonderful architecture that offer a lot of flexibility," Mahieux said. "If we're using the DSMC code on just a laptop, we could only simulate tiny domains. Thanks to TACC, we can simulate from the surface of Enceladus up to 10 kilometers of altitude, where the plumes expand into space."

Enceladus and the Family of Icy Ocean Worlds

Saturn orbits beyond what astronomers call the "snow line" in the solar system, along with other giant planets that host icy moons, including Jupiter, Uranus, and Neptune.

"There is an ocean of liquid water under these 'big balls of ice,'" Mahieux said. "These are many other worlds, besides the Earth, which have a liquid ocean. The plumes at Enceladus open a window to the underground conditions."

Because the plumes carry material from deep below the surface into space, they offer a rare natural sample of the hidden ocean, without the need to drill through miles of ice.

Future Missions and the Search for Life

NASA and the European Space Agency are planning new missions that would return to Enceladus with far more ambitious goals than simple flybys. Some proposals envision landing spacecraft on the surface and drilling through the crust to reach the ocean beneath, in order to look for chemical signs of life that might be preserved there.

In the meantime, measuring what is inside the plumes and how much material they carry gives scientists a powerful indirect way to study the subsurface environment. By analyzing the jets, researchers can infer conditions in the ocean without having to physically bore through the ice shell.

"Supercomputers can give us answers to questions we couldn't dream of asking even 10 or 15 years ago," Mahieux said. "We can now get much closer to simulating what nature is doing."
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Scientists discover metformin may block key exercise benefits | ScienceDaily
A widely used medication for diabetes prevention may unexpectedly interfere with one of the most reliable ways to lower disease risk: regular physical activity.


						
A Rutgers-led team reported in The Journal of Clinical Endocrinology & Metabolism that metformin appeared to weaken several important benefits normally gained from exercise. These include improvements in blood vessel function, overall fitness and the body's ability to control blood sugar.

Since 2006, medical guidance has encouraged people with elevated blood sugar to combine metformin with consistent exercise. The expectation was that two well-established treatments would reinforce one another. According to the Rutgers researchers, the evidence suggests a different outcome.

"Most health care providers assume one plus one equals two," said Steven Malin, a professor in the Department of Kinesiology and Health in the School of Arts and Sciences and the lead author of the study. "The problem is that most evidence shows metformin blunts exercise benefits."

How the Study Tested Metformin's Impact

To explore this issue, Malin and his colleagues enrolled 72 adults considered at risk for metabolic syndrome, which is a cluster of conditions known to raise the likelihood of both diabetes and heart disease. Participants were separated into four groups: high-intensity exercise with placebo, high-intensity exercise with metformin, low-intensity exercise with placebo and low-intensity exercise with metformin.

Over a 16-week training period, the research team measured how well participants' blood vessels responded to insulin. This response helps vessels widen and deliver oxygen, hormones and nutrients after eating.




The results showed that exercise alone strengthened vascular insulin sensitivity. Blood vessels became more responsive to insulin, allowing greater blood flow to the muscles. This is important because insulin-assisted dilation helps move glucose from the bloodstream into body tissues, lowering blood sugar after meals.

Metformin Significantly Reduced Expected Gains

When metformin was added, these improvements became noticeably smaller. The medication also appeared to limit gains in aerobic capacity and lessen positive changes in inflammation and fasting blood glucose.

"Blood vessel function improved with exercise training, regardless of intensity," Malin said. "Metformin blunted that observation, suggesting one type of exercise intensity is not better either with the drug for blood vessel health."

These findings are concerning because exercise is intended to support healthy blood sugar levels and improve physical capability. If metformin reduces these effects, patients relying on both may not receive the degree of protection they expect.

"If you exercise and take metformin and your blood glucose does not go down, that's a problem," Malin said. "People taking metformin also didn't gain fitness. That means their physical function isn't getting better and that could have long-term health risk."

Real-Life Consequences for Daily Function and Well-Being




Malin noted that exercise-driven fitness improvements influence everyday activities such as climbing stairs, playing with children or maintaining an active social life. If these gains are diminished, overall quality of life can suffer.

The researchers emphasized that the findings should not prompt anyone to stop taking metformin or abandon exercise. Instead, the study highlights the need for physicians to closely consider how these interventions interact and to monitor patient progress. Malin hopes that future studies will help identify approaches that preserve the positive effects of both.

Why Metformin May Interfere With Exercise Adaptation

The reason metformin dampens exercise benefits is still being investigated. Malin explained that metformin partly works by inhibiting specific mitochondrial processes. This action reduces oxidative stress and helps regulate blood sugar. However, the same interference may block the cellular changes typically triggered by exercise, including better mitochondrial efficiency and improved aerobic performance. In essence, the mechanism that makes metformin effective may also hinder the body's ability to fully respond to physical training.

Earlier studies have suggested a similar pattern, but this trial is one of the first to look closely at vascular insulin sensitivity, a key factor in both glucose control and cardiovascular health. By demonstrating that metformin can limit changes in both major arteries and small capillaries across different exercise intensities, the researchers highlight how complex these combined treatments can be.

Implications for Diabetes Prevention and Clinical Guidelines

Malin pointed out that nearly 35 million people in the United States live with type 2 diabetes, and prevention strategies often depend on a mix of lifestyle changes and medication. If these approaches do not work together as expected, long-term risks may increase.

"We need to figure out how to best recommend exercise with metformin," Malin said. "We also need to consider how other medications interact with exercise to develop better guidelines for doctors to help people lower chronic disease risk."

Other Rutgers researchers involved in the study include: Sue Shapses, professor in the Department of Nutritional Sciences at the School of Environmental and Biological Sciences; Andrew Gow, professor of pharmacology and toxicology at the Ernest Mario School of Pharmacy; Ankit Shah, assistant professor in the Department of Medicine at Robert Wood Johnson Medical School; Tristan Ragland, a former post-doctoral fellow in Department of Kinesiology and Health; Emily Heiston, project scientist and clinical coordinator in the Applied Metabolism and Physiology Laboratory; and Daniel Battillo, a former doctoral student in the Department of Kinesiology and Health.
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A silent kidney crisis is spreading faster than anyone expected | ScienceDaily
A growing number of people worldwide are now believed to have reduced kidney function, according to a new analysis. The number of affected individuals increased from 378 million in 1990 to 788 million in 2023. As populations have expanded and grown older, the condition has reached a point where it is now listed among the top 10 causes of death across the globe.


						
Researchers from NYU Langone Health, the University of Glasgow, and the Institute for Health Metrics and Evaluation (IHME) at the University of Washington led the investigation. Their work focused on chronic kidney disease, a condition in which the kidneys gradually lose the ability to clear waste and extra fluid from the bloodstream. Early stages often produce no noticeable symptoms, while advanced disease may require dialysis, kidney replacement therapy, or a transplant.

Global Burden and Mortality Trends

The study estimates that roughly 14% of adults worldwide live with chronic kidney disease. In addition, approximately 1.5 million people died from the condition in 2023. When changes in population age structures are taken into account, this represents more than a 6% increase in deaths since 1993.

"Our work shows that chronic kidney disease is common, deadly, and getting worse as a major public health issue," said study co-senior author Josef Coresh, MD, PhD, director of NYU Langone's Optimal Aging Institute. "These findings support efforts to recognize the condition alongside cancer, heart disease, and mental health concerns as a major priority for policymakers around the world."

Growing Health Priority for Global Agencies

In May, the World Health Organization added chronic kidney disease to its list of health priorities aimed at reducing early deaths from noncontagious diseases by one-third before 2030. Coresh, who is also the Terry and Mel Karmazin Professor of Population Health at the NYU Grossman School of Medicine, notes that identifying current patterns in the disease is essential for developing effective strategies.




The new report was published online Nov. 7 in The Lancet and, according to the authors, represents the most detailed assessment of chronic kidney disease in nearly ten years. It is also being presented at the American Society of Nephrology's annual Kidney Week conference.

How the Study Was Conducted

The research was part of the Global Burden of Disease (GBD) 2023 study, considered the most wide-ranging effort to track health-related loss in countries over long periods of time. Findings from this initiative frequently inform public health policy and guide future research.

To generate the new estimates, the team examined 2,230 scientific papers and national health datasets from 133 countries. Their work centered not only on diagnoses and deaths, but also on the level of disability associated with chronic kidney disease.

Links to Heart Disease and Leading Risk Factors

Another key conclusion was that impaired kidney function is a major contributor to heart disease. The study reports that it accounted for about 12% of global cardiovascular deaths. In 2023, chronic kidney disease ranked as the 12th leading cause of disability-related reductions in quality of life. High blood sugar, high blood pressure, and high body mass index (a measure of obesity) were identified as the most significant risk factors for developing the condition.




Most individuals in the study were in the early stages of chronic kidney disease. Coresh emphasizes that this is a crucial window for intervention, as timely treatment and lifestyle changes can prevent the need for dialysis or transplantation later on.

Access to Treatment Remains Uneven Worldwide

Coresh also points out that in parts of sub-Saharan Africa, Southeast Asia, Latin America, and other lower-income regions, many people do not receive dialysis or transplants. These therapies are less accessible and often too expensive for widespread use in those areas.

"Chronic kidney disease is underdiagnosed and undertreated," said study co-lead author Morgan Grams, MD, PhD. "Our report underscores the need for more urine testing to catch it early and the need to ensure that patients can afford and access therapy once they are diagnosed."

New Therapies but Slow Global Progress

Grams, the Susan and Morris Mark Professor of Medicine at the NYU Grossman School of Medicine, notes that several new medications introduced over the past five years can slow disease progression and reduce the likelihood of heart attack, stroke, and heart failure. Even so, she explains that it will take time before the benefits of these treatments are reflected worldwide.

She also warns that because chronic kidney disease is often not tested for, its true global prevalence may be even higher than the study suggests.

Study Support and Research Team

The project was funded by National Institutes of Health grant R01DK100446, the Gates Foundation, and the National Kidney Foundation.

Coresh serves as a scientific adviser and equity holder in Healthy.io, a health technology company that provides remote clinical testing and related services. He also works as a consultant for SomaLogic. These roles are disclosed and managed according to NYU Langone Health policies.

Along with Coresh and Grams, Patrick Mark, PhD, at the University of Glasgow, and Lauryn Stafford, MS, at IHME at the University of Washington in Seattle, were co-lead authors.

Additional co-senior authors included Jennifer Lees, PhD, at the University of Glasgow, and Theo Vos, PhD, and Liane Ong, PhD, at IHME at the University of Washington in Seattle.
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Secret underwater language of Hawaiian monk seals has 25 new calls | ScienceDaily
New research led by the UH Hawai`i Institute of Marine Biology (HIMB) Marine Mammal Research Program (MMRP) has greatly expanded scientists' understanding of how Hawaiian monk seals (Neomonachus schauinslandi) produce underwater sounds. The study, published in Royal Society Open Science, examined thousands of hours of passive acoustic recordings and uncovered 25 distinct underwater vocalizations. This represents a major jump from the six call types previously documented from seals in human care.


						
Researchers also found that the seals use these low-frequency calls throughout the day. Similar vocal patterns were detected across the Hawaiian Archipelago, and calling rates increased in areas with larger seal populations. These findings create an essential foundation for interpreting the acoustic environment of this critically endangered and uniquely Hawaiian species.

Revealing a Hidden Acoustic World

"We discovered that Hawaiian monk seals -- one of the world's most endangered marine mammals -- are far more vocal underwater than previously known," shares Kirby Parnell, lead author of the study and a PhD candidate with MMRP. "By analyzing over 4,500 hours of recordings from across the Hawaiian Archipelago, we identified more than 23,000 vocalizations representing at least 25 distinct call types."

The research team used passive acoustic recorders placed at five important monk seal habitats, spanning sites from Moloka`i to the remote Northwestern Hawaiian Islands. Their analysis revealed three major breakthroughs:
    	Expanded Vocal Repertoire: Twenty previously unknown call types were identified.
    	Novel Communication Strategy: Evidence suggests monk seals can link different calls to create "combinational calls" -- a form of communication never before documented in any pinniped species.
    	A Distinct Foraging Call: Researchers identified a new elemental call type, the Whine, used during foraging. This is only the second recorded instance of a seal species vocalizing while actively pursuing prey.

"We were surprised by the sheer diversity and complexity of monk seal vocalizations," notes Parnell. "The discovery of combinational calls, where seals link multiple call types together, suggests a previously unknown level of complexity in pinniped acoustic communication. Finding a new call type -- the Whine -- associated with foraging behavior was also unexpected and suggests that monk seals may use sound not only for mating or socializing, but possibly for foraging purposes as well."

Conservation Importance in Hawaiian Waters

The Hawaiian monk seal is the only marine mammal found exclusively in Hawai`i and holds significant cultural value. Understanding its acoustic behavior is crucial for conservation efforts, especially as ocean noise continues to increase.




"This research provides the first comprehensive description of free-ranging Hawaiian monk seal underwater sound production, an important step toward understanding how they use sound for critical life-history events," explains Lars Bejder, Director of MMRP, Professor at HIMB, and co-author of the study. "Because their vocalizations overlap with the same low-frequency range as many human-generated sounds (e.g. vessel noise), this work also helps us evaluate how ocean noise may affect communication, reproduction, and behavior in this endangered species."

These results support the future use of passive acoustic monitoring to track monk seal populations across their broad habitat range and protect the sound environments they rely on. Continued research will connect specific vocalizations to particular behaviors, including foraging, movement, social interactions, and reproduction. Another key goal is the development of automated detection systems that can monitor seal sounds more efficiently and with minimal disturbance, offering a long-term tool for conservation and ecological research.

The Team Behind the Discovery

The project brought together graduate students, undergraduate students, and recent alumni from the University of Hawai`i at Manoa, along with collaborators from France and the Pacific Islands Fisheries Science Center's Hawaiian Monk Seal Research Program.

"Manually annotating over 23,000 calls by hand is no small feat, and I have a team of interns to thank for helping with the analysis!" shares Parnell. "This research would also not have been possible without the support of the Hawaiian Monk Seal Research Program, who deployed and retrieved the acoustic recorders in the Papahanaumokuakea National Marine Sanctuary."

The study was supported by NOAA Fisheries through the Cooperative Ecosystem Studies Unit (CESU) award NA19NMF4720181.
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A crisis deepens as African penguins compete with fishing fleets for food | ScienceDaily
A new study led by the University of St Andrews reports that Critically Endangered African penguins (Spheniscus demersus) are far more likely to forage in the same waters as commercial fishing vessels during years when fish are scarce. This increased overlap heightens competition for food and intensifies pressure on a species already facing severe decline.


						
Published on November 17 in the Journal of Applied Ecology, the research presents a new metric called "overlap intensity" that evaluates not only where penguins and fishing vessels share space, but how many penguins are influenced by this interaction.

Population Declines and Fishing Pressure

African penguin numbers have dropped by nearly 80% over the past thirty years. One major factor in this decline is competition with local fisheries that catch sardines and anchovies, which are essential prey for the birds.

These fisheries rely on purse-seine nets, a method that captures schooling fish by encircling them with a large wall of netting.

Lead author Dr. Jacqueline Glencross of the Scottish Oceans Institute at the University of St Andrews explained the motivation behind the work. "We wanted a better way to assess how many penguins are potentially impacted when fisheries operate nearby -- not just where the overlap occurs," she said.

Tracking Data Shows Sharp Increases in Overlap

The research team used tracking information from penguins on Robben and Dassen Island. Collaborators included scientists from the University of Exeter, the South African Department of Forestry, Fisheries and the Environment, and BirdLife South Africa. Their analysis showed a dramatic rise in overlap during years when fish were less abundant. In 2016, a year marked by low fish biomass, about 20% of penguins were feeding in the same regions as active fishing vessels. In years with stronger fish stocks, this figure dropped to around 4%.




These results indicate that competition between penguins and fisheries becomes more intense when prey is limited. Such conditions are especially risky during chick-rearing, when adults must find food quickly and efficiently to support their young.

New Tool for Conservation and Fishery Management

By measuring overlap intensity across the population, the researchers have created a tool that can help assess ecological risks and guide ecosystem-based fishery management. The findings also support the development of dynamic marine protected areas that can adapt to real-time shifts in predator and prey behavior.

Legal Battles and Updated Fishing Closures

The African penguin recently became the focus of a significant South African court case that questioned the lack of meaningful fishing restrictions near breeding sites.

Earlier this year, conservation organizations and representatives from the fishing industry reached a high court agreement acknowledging the need for fishery closures around penguin colonies. Following this decision, the South African government reinstated more biologically meaningful no-fishing zones near Robben Island, one of the primary colonies examined in the study.

Dr. Glencross added that the research helps clarify the importance of these measures. "This research highlights why those closures are necessary. Previously unprotected areas with high overlap intensity are where the penguins were most at risk."
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Chronic pain may dramatically raise your blood pressure | ScienceDaily
    	Chronic pain appears to play a meaningful role in raising the risk of developing high blood pressure.
    	How long the pain lasts and where it occurs both influence that risk, and part of the connection is explained by depression and inflammation.
    	Researchers say the results underscore how important effective pain management can be for preventing and controlling high blood pressure, a major driver of cardiovascular disease and death.

Chronic Pain Linked to Rising Blood Pressure Risk

Chronic pain in adults may raise the likelihood of developing high blood pressure, and factors such as where the pain is located, how widespread it is, and whether a person also has depression appear to play important roles. These findings come from new research published today (November 17) in Hypertension, an American Heart Association journal.

An evaluation of health information from more than 200,000 adults in the U.S. showed that individuals who experienced chronic pain throughout their bodies had a higher chance of developing high blood pressure compared to those reporting no pain, short-term discomfort, or pain limited to one region.

"The more widespread their pain, the higher their risk of developing high blood pressure," said lead study author Jill Pell, M.D., C.B.E., the Henry Mechan Professor of Public Health at the University of Glasgow in the United Kingdom. "Part of the explanation for this finding was that having chronic pain made people more likely to have depression, and then having depression made people more likely to develop high blood pressure. This suggests that early detection and treatment of depression, among people with pain, may help to reduce their risk of developing high blood pressure."

Understanding High Blood Pressure and Its Dangers

High blood pressure and hypertension occur when blood presses too strongly against vessel walls, increasing the chance of heart attack or stroke. High blood pressure, including stage one or stage two hypertension (blood pressure readings from 130/80 mm Hg to 140/90 mm Hg or higher), affects nearly half of adults in the U.S. It is also the leading cause of death nationally and worldwide, according to the 2025 joint American Heart Association/American College of Cardiology guideline endorsed by 11 other organizations.




Earlier studies show that chronic musculoskeletal pain -- pain in the hip, knee, back or neck/shoulder that lasts for at least three months -- is the most common form of long-term pain in the general population. The new study examined how the presence, type, and distribution of pain across the body relate to later high blood pressure.

Inflammation and depression are already recognized as contributing factors for high blood pressure; however, Pell noted that no previous research had evaluated how much these elements might explain the connection between long-lasting pain and future hypertension.

How Researchers Collected and Measured Pain Data

Participants completed a baseline questionnaire describing whether they had experienced pain in the previous month that interfered with daily activities. They identified whether the pain occurred in the head, face, neck/shoulder, back, stomach/abdomen, hip, knee or across the entire body. Those reporting pain also indicated whether symptoms had persisted for more than three months.

Depression was assessed through a questionnaire asking about depressed mood, disinterest, restlessness or lethargy during the previous two weeks. Inflammation was measured using blood tests for C-reactive protein (CRP).

Key Findings After Long-Term Follow-Up

After an average follow-up period of 13.5 years, the results showed:
    	Nearly 10% of all participants developed high blood pressure.
    	Compared to people without pain, those with chronic widespread pain faced the greatest increase in risk (75% higher), while short-term pain was associated with a 10% higher risk and chronic pain in a single location was tied to a 20% higher risk.
    	When looking at pain locations, chronic widespread pain was linked to a 74% higher risk of high blood pressure; chronic abdominal pain to a 43% higher risk; chronic headaches to a 22% higher risk; chronic neck/shoulder pain to a 19% higher risk; chronic hip pain to a 17% higher risk; and chronic back pain to a 16% higher risk.
    	Depression (11.3% of participants) and inflammation (0.4% of participants) explained 11.7% of the connection between chronic pain and high blood pressure.




"When providing care for people with pain, health care workers need to be aware that they are at higher risk of developing high blood pressure, either directly or via depression. Recognizing pain could help detect and treat these additional conditions early," Pell said.

Expert Perspective on Pain, Inflammation and Hypertension

Daniel W. Jones, M.D., FAHA, chair of the 2025 American Heart Association/American College of Cardiology High Blood Pressure Guideline and dean and professor emeritus of the University of Mississippi School of Medicine in Jackson, Mississippi, said, "It is well known that experiencing pain can raise blood pressure in the short term, however, we have known less about how chronic pain affects blood pressure. This study adds to that understanding, finding a correlation between the number of chronic pain sites and that the association may be mediated by inflammation and depression."

Jones, who was not involved in the study, recommended further research using randomized controlled trials to explore how different pain management strategies influence blood pressure. He highlighted the importance of understanding how Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) such as ibuprofen may raise blood pressure.

"Chronic pain needs to be managed within the context of the patients' blood pressure, especially in consideration of the use of pain medication that may adversely affect blood pressure," said Jones.

Study Limitations and Participant Characteristics

The researchers noted that the study population mainly consisted of middle-aged or older white adults of British origin, which means the findings may not apply to people of other racial or ethnic backgrounds or younger age groups. Pain levels were self-reported, and the study relied on clinical diagnostic coding, a single pain assessment, and two blood pressure measurements.

How the Study Was Designed

Study details, background and design:
    	The analysis used data from the UK Biobank, a large population-based project that recruited more than 500,000 adults ages 40-69 between 2006 and 2010. Participants lived in England, Scotland and Wales.
    	This study focused on 206,963 adults. The average age was 54 years; 61.7% were women, and 96.7% were white adults.
    	Overall, 35.2% of participants reported chronic musculoskeletal pain; 62.2% reported chronic pain at one body site; 34.9% had chronic pain at two to three musculoskeletal sites; and 3.2% reported pain at four sites.
    	Compared with participants without pain, those reporting pain were more often women, had less healthy lifestyle patterns, larger waist circumference, higher body mass index (BMI), more long-term health issues, and were more likely to live in areas with higher unemployment, lower home and car ownership, and more overcrowding.
    	Researchers adjusted for factors associated with both pain and high blood pressure, including self-reported smoking status, alcohol intake, physical activity, sedentary time, sleep duration, and fruit and vegetable consumption.
    	Data from the UK Biobank was gathered through a touch-screen questionnaire, interview, physical measurements (height, weight, BMI, waist circumference, blood pressure), and blood samples for cholesterol and blood sugar (hemoglobin A1c).
    	Hospital records were used to identify high blood pressure using standard International Statistical Classification of Diseases and Related Problems and diagnostic codes (ICD-10 codes).
    	The follow-up period was measured from baseline until one of these events occurred: a diagnosis of high blood pressure, the participant's death, or the end of available follow-up records. The first of these events marked the end of follow-up for each participant.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251117095639.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



CRISPR unlocks a new way to defeat resistant lung cancer | ScienceDaily
Researchers at ChristianaCare's Gene Editing Institute have demonstrated that turning off the NRF2 gene with CRISPR technology can make lung cancer cells responsive to chemotherapy again. By blocking this gene, the treatment restores how tumors react to common cancer drugs and slows their growth. The study was published on November 14 in the journal Molecular Therapy Oncology.


						
This advance builds on more than ten years of work at the Gene Editing Institute, where scientists have closely investigated NRF2 and its role in therapy resistance. Their findings showed consistent results in both laboratory tests using human lung cancer cell lines and in animal studies designed to mirror real tumor behavior.

"We've seen compelling evidence at every stage of research," said Kelly Banas, Ph.D., lead author of the study and associate director of research at the Gene Editing Institute. "It's a strong foundation for taking the next step toward clinical trials."

Expanding the Impact Beyond One Cancer Type

The study focused on lung squamous cell carcinoma, a fast-growing form of non-small cell lung cancer (NSCLC) that represents 20% to 30% of all lung cancer cases, according to the American Cancer Society. More than 190,000 people in the U.S. are expected to receive a lung cancer diagnosis in 2025.

Although the work concentrated on this specific disease, the findings point to broader applications. NRF2 overactivity plays a major role in chemotherapy resistance in several solid tumors, including cancers of the liver, esophagus and head and neck. These results indicate that CRISPR approaches aimed at NRF2 could eventually help restore drug sensitivity across multiple treatment-resistant cancers.

"This is a significant step toward overcoming one of the biggest challenges in cancer therapy -- drug resistance," Banas said. "By targeting a key transcription factor that drives resistance, we've shown that gene editing can re-sensitize tumors to standard treatment. We're hopeful that in clinical trials and beyond, this is what will allow chemotherapy to improve outcomes for patients and could enable them to remain healthier during the entirety of their treatment regimen."

Pinpointing a Mutation That Shields Tumors




The team focused on a tumor-specific mutation in the NRF2 gene known as R34G. NRF2 serves as a master controller of how cells respond to stress, and when it becomes overly active, cancer cells are better able to survive chemotherapy.

To counter this, researchers used CRISPR/Cas9 to engineer lung cancer cells carrying the R34G mutation and then knocked out the NRF2 gene. This change restored the cells' responsiveness to widely used chemotherapy drugs such as carboplatin and paclitaxel. In animal models, tumors treated directly with CRISPR to remove NRF2 grew more slowly and responded more effectively to chemotherapy.

"This work brings transformational change to how we think about treating resistant cancers," said Eric Kmiec, Ph.D., senior author of the study and executive director of the Gene Editing Institute. "Instead of developing entirely new drugs, we are using gene editing to make existing ones effective again."

Significant Benefits Even With Partial Gene Editing

One of the most notable findings was that editing only 20% to 40% of tumor cells was enough to enhance chemotherapy response and reduce tumor size. This insight is important for clinical treatment, since altering every cancer cell in a tumor may not be possible.

For mouse studies, the researchers delivered CRISPR using lipid nanoparticles (LNPs), a non-viral system that offers efficiency while limiting the risk of unwanted genetic changes. Sequencing showed that the edits were highly targeted to the mutated NRF2 gene, with very few unintended modifications elsewhere in the genome.

"The power of this CRISPR therapy lies in its precision. It's like an arrow that hits only the bullseye," said Banas. "This level of specificity with minimal unanticipated genomic side effects offers real hope for the cancer patients who could one day receive this treatment."
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A tiny ancient virus reveals secrets that could help fight superbugs | ScienceDaily
A research effort led by Otakou Whakaihu Waka has generated an in-depth structural map of a bacteriophage, offering new insight into how these viruses could be used to counter drug-resistant bacteria.


						
Lead author Dr. James Hodgkinson-Bean, who completed his PhD in the Department of Microbiology and Immunology, says bacteriophages are "extremely exciting" to scientists searching for alternatives to antibiotics as antimicrobial resistance continues to rise.

"Bacteriophage viruses are non-harmful to all multi-cellular life and able to very selectively target and kill a target bacterium. Due to this, they are increasingly being researched and applied in 'phage therapy' to treat highly drug-resistant bacteria," he says.

He explains that bacteriophages are "exquisitely intricate viruses" that infect bacteria using large mechanical structures known as 'tails'.

3D Analysis Reveals How a Phage Attacks E. coli

The study, published in Science Advances, involved researchers from Otago and the Okinawa Institute of Science and Technology. They examined the structure of Bas63, a virus that infects E. coli, at a molecular scale to better understand how its tail functions during infection.

"This kind of research is important for understanding how we can select the optimal bacteriophages for therapies, and to understand the differences in infectious behavior we see in the lab," Dr. Hodgkinson-Bean says.




Senior author Associate Professor Mihnea Bostina, also from Otago's Department of Microbiology and Immunology, notes that rising antibiotic resistance and growing threats to global food security from plant pathogens make bacteriophages an increasingly valuable alternative.

"Our detailed blueprint of a bacteriophage advances rational design for medical, agricultural, and industrial applications, from treating infections to combating biofilms in food processing and water systems.

"Beyond science, the 3D data -- which shows the virus' rare whisker-collar connections, hexamer decoration proteins, and diverse tail fibers -- may inspire artists, animators, and educators."

Structural Clues Strengthen Understanding of Viral Evolution

According to Dr. Hodgkinson-Bean, insights into viral structure also help clarify how these viruses have evolved.

"While DNA generally serves as the best evolutionary marker in humans, the 3-dimensional structure of a virus is more informative of its distant evolutionary relationships with other viruses," he says.




The team identified features that had previously only been seen in viruses that are very distantly related, revealing evolutionary connections that had not been documented before.

"We know through structural studies that bacteriophages are related to Herpes viruses -- this relationship is thought to extend back billions of years to before the emergence of multi-cellular life. For this reason, when we look at bacteriophage structure, we are looking at living fossils, primordial ancient beings.

"There is something truly beautiful about that."

Building on Earlier Discoveries

This newly described structure is the second of its kind documented by the same research group. It follows an earlier investigation into pathogens responsible for potato diseases, which was recently published in Nature Communications.
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New DNA test predicts dangerous heart rhythms early | ScienceDaily
    	Researchers used whole genome sequencing to bring together monogenic and polygenic testing, two methods that are usually separated in both research and clinical practice.
    	Experts say many more physicians should be using genetic testing, although a large portion of the medical workforce is not yet trained to interpret it.
    	The results provide an early foundation for creating targeted treatments tailored to each person's unique genetic profile.

New Genetic Approach to Predicting Dangerous Heart Rhythms

In a new study from Northwestern Medicine, researchers have created a more refined genetic risk score that helps determine whether a person is likely to develop arrhythmia, a condition in which the heart beats irregularly. Arrhythmias can lead to serious medical problems, including atrial fibrillation (AFib) and sudden cardiac death.

The team reports that this improved method strengthens the accuracy of heart disease risk prediction while also offering a broad framework for genetic testing. According to the scientists, the same strategy could be adapted to assess other complex, genetically influenced conditions such as cancer, Parkinson's Disease and autism.

Building a More Complete Genetic Picture

"It's a very cool approach in which we are combining rare gene variants with common gene variants and then adding in non-coding genome information. To our knowledge, no one has used this comprehensive approach before, so it's really a roadmap of how to do that," said co-corresponding author Dr. Elizabeth McNally, director of the Center for Genetic Testing and a professor of medicine in the division of cardiology and of biochemistry and molecular genetics at Northwestern University Feinberg School of Medicine.

The researchers say their findings could support the development of targeted treatments shaped around an individual's full genetic profile. They also note that this type of analysis may allow clinicians to identify people at risk long before any symptoms arise.




The study, which analyzed data from 1,119 participants, was published on November 11 in Cell Reports Medicine.

Integrating Three Major Genetic Testing Methods

Current genetic testing typically falls into one of three separate categories:
    	Monogenic testing: Identifies rare mutations in a single gene, similar to spotting a typo in a single word.
    	Polygenic testing: Looks at many common gene variants to estimate overall risk, similar to examining the tone of a chapter.
    	Genome sequencing: Reads the complete genetic code, much like reviewing an entire book.

"Genetic researchers, companies and geneticists often operate in silos," McNally said. "The companies that offer gene panel testing are not the same ones that provide polygenic risk scores."

In this study, the team combined information from all three genetic sources to produce a fuller view of disease risk. This integrated method uncovers rare mutations, evaluates cumulative genetic effects and reveals subtle patterns across the entire genome.

"When you sequence the whole genome, you can say, 'Let me look at this cardiomyopathy gene component, the gene panel and the polygenic component.' By combining the data together, you get a very high odds ratio of identifying who is at highest risk, and that's where we think this approach can really improve upon what is currently used," McNally said.




Why Physicians Need Greater Access to Genetic Testing

Cardiologists usually assess heart risk based on symptoms, family history and diagnostic tools such as EKGs, echocardiograms and MRIs. McNally said she also incorporates genetic testing into her patient evaluations.

"It helps me manage that patient better, know who's at greatest risk, and if we think the risk is really high, we'll recommend defibrillators for patients like that," McNally said. "Knowledge is power."

Despite the benefits, genetic testing remains underused. McNally said that only an estimated 1 to 5% of people who would benefit from genetic testing actually receive it. Even within cancer care, where genetic links are widely recognized, only 10 to 20% of eligible patients undergo testing.

"We need to improve uptake," McNally said. "The biggest challenge is a workforce that isn't trained in how to use genetic testing. As polygenic risk scores become more common, our approach will become even more valuable."

How Researchers Carried Out the Study

The research team enrolled 523 people diagnosed with arrhythmias, some of whom also had heart failure. They thoroughly reviewed each participant's records, including data directly from implanted devices, to confirm the diagnoses. Afterward, the scientists sequenced each person's genome and used both monogenic and polygenic testing to calculate a risk score.

They then compared these results to the genomes of 596 control participants drawn from the NUgene biobank. These control individuals were age 40 or older and had no known history of cardiac disease.

"It was painstaking going through 500-plus records and making sure that the people in the study really belonged in the study," McNally said.

The paper is titled "A combined genomic arrhythmia propensity score delineates cumulative risk." Additional Northwestern contributors include Tanner Monroe, Megan Puckelwartz, Lorenzo Pesce, Dr. Alfred George and Dr. Gregory Webster.
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This tiny quantum clock packs a billion-fold energy mystery | ScienceDaily
A team led by the University of Oxford has uncovered an unexpected contributor to entropy in quantum timekeeping: the act of measurement itself. In findings published on November 14 in Physical Review Letters, the researchers show that the energy required to read a quantum clock is far greater than the energy needed to run it. Their results point to new challenges and opportunities for developing next-generation quantum technologies.


						
Traditional clocks, from pendulums to atomic oscillators, depend on irreversible processes to track time. At the quantum level, these processes become extremely weak or may barely occur at all, which makes reliable timekeeping far more complicated. Devices such as quantum sensors and navigation systems, which rely on precise timing, will need internal clocks that use energy sparingly. Until now, the thermodynamic behavior of these systems has remained largely unknown.

Investigating the Real Energy Cost of Time

The researchers set out to determine the true thermodynamic burden of keeping time in the quantum realm and to separate how much of that cost is caused by the act of measurement.

To explore this, they built a tiny clock that uses single electrons hopping between two nanoscale regions (known as a double quantum dot). Each hop serves as a clock-like tick. The team then monitored these ticks using two different techniques; one measured extremely small electric currents, while the other used radio waves to detect subtle changes in the system. In both approaches, the detectors convert quantum events (electron jumps) into classical information that can be recorded: a quantum-to-classical transition.

A Billion-Fold Measurement Energy Surprise

The team calculated the entropy (amount of energy dissipated) generated both by the clock itself (i.e., the double quantum dot) and by the measurement devices. They found that the energy required to read the quantum clock (i.e., to convert its tiny signals into something measurable) can be up to a billion times larger than the energy used by the clockwork. This result challenges the long-held belief that measurement costs in quantum physics are negligible. It also reveals something striking: observation introduces irreversibility, which is what gives time its forward direction.




This finding overturns the usual expectation that improving quantum clocks requires better quantum components. Instead, the researchers argue that future progress depends on designing measurement methods that gather information more efficiently.

Rethinking Efficiency in Quantum Clock Design

Lead author Professor Natalia Ares (Department of Engineering Science, University of Oxford) said: "Quantum clocks running at the smallest scales were expected to lower the energy cost of timekeeping, but our new experiment reveals a surprising twist. Instead, in quantum clocks the quantum ticks far exceed that of the clockwork itself."

According to the researchers, this imbalance might actually offer an advantage. The additional energy used during measurement can provide richer information about the clock's behavior, not only counting ticks but capturing every minor fluctuation. This could make it possible to build highly precise clocks that operate more efficiently.

Co-author Vivek Wadhia (PhD student, Department of Engineering Science) said: "Our results suggest that the entropy produced by the amplification and measurement of a clock's ticks, which has often been ignored in the literature, is the most important and fundamental thermodynamic cost of timekeeping at the quantum scale. The next step is to understand the principles governing efficiency in nanoscale devices so that we can design autonomous devices that compute and keep time far more efficiently, as nature does."

Co-author Florian Meier (PhD student, Technische Universitat Wien) said: "Beyond quantum clocks, the research touches on deep questions in physics, including why time flows in one direction. By showing that it is the act of measuring -- not just the ticking itself -- that gives time its forward direction, these new findings draw a powerful connection between the physics of energy and the science of information."

The study also involved researchers from TU Wien and Trinity College Dublin.
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"Great Unified Microscope" reveals micro and nano worlds in a single view | ScienceDaily
Researchers Kohki Horie, Keiichiro Toda, Takuma Nakamura, and Takuro Ideguchi at the University of Tokyo have created a microscope capable of detecting signals across an intensity range fourteen times broader than that of standard instruments. The system also works label-free, meaning it does not rely on added dyes. This gentle approach allows cells to remain unharmed during long-term imaging, which could benefit testing and quality control in pharmaceutical and biotechnology settings. The study appears in Nature Communications.


						
Microscopes have driven scientific progress since the 16th century, but major improvements have often required increasingly specialized tools. As techniques became more advanced, they also faced tradeoffs in what they could measure. Quantitative phase microscopy (QPM) uses forward-scattered light to visualize structures at the microscale (in this study, over 100 nanometers), which makes it useful for capturing still images of complex cell features. However, QPM cannot detect very small particles. Interferometric scattering (iSCAT) microscopy works differently by capturing back-scattered light and can detect structures as tiny as single proteins. While iSCAT enables researchers to "track" individual particles and observe rapid changes inside cells, it lacks the wider view offered by QPM.

Capturing Two Directions of Light at Once

"I would like to understand dynamic processes inside living cells using non-invasive methods," says Horie, one of the first authors.

Motivated by this goal, the team examined whether collecting light from both directions at the same time could bridge the gap and reveal activity across a broad range of sizes and motions in a single image. To explore the idea and confirm that their microscope performed as expected, they observed how cells behaved during cell death. In one experiment, they captured an image that contained information from both forward- and backward-traveling light.

Separating Overlapping Signals

"Our biggest challenge," Toda, another first author, explains, "was cleanly separating two kinds of signals from a single image while keeping noise low and avoiding mixing between them."

The researchers succeeded in identifying the movement of larger cell structures (micro) as well as much smaller particles (nano). By comparing the patterns in forward- and back-scattered light, they could estimate each particle's size and its refractive index, which describes how strongly light bends or scatters when it passes through a material.

Future Applications for Smaller Particles

"We plan to study even smaller particles," Toda says, already thinking about future research, "such as exosomes and viruses, and to estimate their size and refractive index in different samples. We also want to reveal how living cells move toward death by controlling their state and double-checking our results with other techniques."
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Astronomers unveil the surprising hidden geometry of a supernova | ScienceDaily
Swift observations with the European Southern Observatory's Very Large Telescope (ESO's VLT) have captured a star in the act of exploding, right as the blast pushed through its surface. This moment revealed the shape of the explosion during its earliest stage, a phase so brief that it would have disappeared from view within a day. Scientists have long hoped to observe this initial moment because it helps answer key questions about how massive stars end their lives as supernovae.


						
SN 2024ggi was first noticed on the night of 10 April 2024 local time. At that moment, Yi Yang, an assistant professor at Tsinghua University in Beijing, China, and lead author of the study, had just arrived in San Francisco after a long flight. Realizing the urgency, he moved quickly. Twelve hours later, he submitted an observation request to ESO, which approved it soon after. By April 11, only 26 hours after the discovery, the VLT in Chile was already observing the event.

A Rare Nearby Explosion

The supernova is located in the galaxy NGC 3621, in the direction of the constellation Hydra, approximately 22 million light-years away. For astronomers, this distance is close enough to investigate the blast in fine detail. Using the VLT and specialized instruments, the international team captured the early behavior of the explosion. "The first VLT observations captured the phase during which matter accelerated by the explosion near the centre of the star shot through the star's surface. For a few hours, the geometry of the star and its explosion could be, and were, observed together," says Dietrich Baade, an ESO astronomer in Germany and co-author of the study, published on November 12 in Science Advances.

"The geometry of a supernova explosion provides fundamental information on stellar evolution and the physical processes leading to these cosmic fireworks," Yang explains. Scientists are still investigating the exact steps that trigger the explosions of massive stars, which are defined as stars more than eight times the mass of the Sun. SN 2024ggi began as a red supergiant with a mass between 12 and 15 times that of the Sun and a radius 500 times larger. This makes it a textbook example of a massive star approaching the end of its life.

What Happens When a Massive Star Runs Out of Fuel

Throughout its life, a star keeps a stable spherical shape because gravity pulls inward while pressure from nuclear fusion pushes outward. When the star exhausts its fuel, this balance collapses. The core gives way, the surrounding layers fall inward, and then bounce off the dense center. This rebound launches a shock wave that travels outward, ultimately tearing the star apart.




Once the shock reaches the surface, energy is released in enormous amounts and the supernova becomes visible. During the short window before the explosion interacts with surrounding material, astronomers can study the initial breakout shape.

Revealing Hidden Geometry with Spectropolarimetry

To capture this early structure, astronomers used a technique called 'spectropolarimetry'. "Spectropolarimetry delivers information about the geometry of the explosion that other types of observation cannot provide because the angular scales are too tiny," says Lifan Wang, co-author and professor at the Texas A&M University in the US, who began his career as a student at ESO. Although the exploding star appears as a single point of light, the polarization of that light contains subtle signals about the explosion's shape, which the team successfully decoded.[1]

The VLT's FORS2 instrument, the only facility in the southern hemisphere able to make this type of measurement, revealed that the first burst of material resembled the shape of an olive. As the blast expanded and encountered material surrounding the star, the shape grew flatter, although the axis of symmetry stayed consistent. Yang notes that "these findings suggest a common physical mechanism that drives the explosion of many massive stars, which manifests a well-defined axial symmetry and acts on large scales."

Advancing Supernova Science Through Global Collaboration

These observations allow scientists to eliminate some existing models and refine others, improving our understanding of massive star deaths. "This discovery not only reshapes our understanding of stellar explosions, but also demonstrates what can be achieved when science transcends borders," says co-author and ESO astronomer Ferdinando Patat. "It's a powerful reminder that curiosity, collaboration, and swift action can unlock profound insights into the physics shaping our Universe."

Notes
    	Light particles (photons) have a property called polarization. In a sphere, the shape of most stars, the polarization of the individual photons cancels out so that the net polarization of the object is zero. When astronomers measure a non-zero net polarization, they can use that measurement to infer the shape of the object -- a star or a supernova -- emitting the observed light.

This research was presented in a paper published in Science Advances.

The team is composed of Y. Yang (Department of Physics, Tsinghua University, China [Tsinghua University]), X. Wen (School of Physics and Astronomy, Beijing Normal University, China [Beijing Normal University] and Tsinghua University), L. Wang (Department of Physics and Astronomy, Texas A&M University, USA [Texas A&M University] and George P. and Cynthia Woods Mitchell Institute for Fundamental Physics & Astronomy Texas A&M University, USA [IFPA Texas A&M University]), D. Baade (European Organisation for Astronomical Research in the Southern Hemisphere, Germany [ESO]), J. C. Wheeler (University of Texas at Austin, USA), A. V. Filippenko (Department of Astronomy, University of California, Berkeley, USA [UC Berkeley] and Hagler Institute for Advanced Study, Texas A&M University, USA), A. Gal-Yam (Department of Particle Physics and Astrophysics, Weizmann Institute of Science, Israel), J. Maund (Department of Physics, Royal Holloway, University of London, United Kingdom), S. Schulze (Center for Interdisciplinary Exploration and Research in Astrophysics, Northwestern University, USA), X. Wang (Tsinghua University), C. Ashall (Department of Physics, Virginia Tech, USA and Institute for Astronomy, University of Hawai'i at Manoa, USA), M. Bulla (Department of Physics and Earth Science, University of Ferrara, Italy and INFN, Sezione di Ferrara, Italy and INAF, Osservatorio Astronomico d'Abruzzo, Italy), A. Cikota (Gemini Observatory/NSF NOIRLab, Chile), H. Gao (Beijing Normal University and Institute for Frontier in Astronomy and Astrophysics, Beijing Normal University, China), P. Hoeflich (Department of Physics, Florida State University, USA), G. Li (Tsinghua University), D. Mishra (Texas A&M University and IFPA Texas A&M University), Ferdinando Patat (ESO), K. C. Patra (California and Department of Astronomy & Astrophysics, University of California, Santa Cruz, USA), S. S. Vasylyev (UC Berkeley), S. Yan (Tsinghua University).
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Astronomers discover thousands of hidden siblings of the "Seven Sisters" | ScienceDaily
Astronomers at the University of North Carolina at Chapel Hill have found that the well-known Pleiades star cluster, often called the "Seven Sisters," represents only the bright center of a much larger community of related stars. By analyzing data from NASA's Transiting Exoplanet Survey Satellite (TESS) and the European Space Agency's Gaia space telescope, the team identified thousands of additional stellar relatives spread far across the sky. They refer to this enormous structure as the Greater Pleiades Complex, and their results show that the Pleiades is about 20 times larger than scientists once believed.


						
Most stars, including the Sun, form within groups. As they age, these groups gradually disperse, which makes it difficult to track which stars were born together. Astronomers can use stellar rotation as a "cosmic clock," since young stars spin quickly and older stars slow down over time. The UNC-Chapel Hill team used this technique to locate many long-lost members of the Pleiades spread far beyond the central cluster. With rotation data from NASA's TESS and precise measurements from ESA's Gaia, they concluded that the Pleiades is not a compact grouping but the dense core of a much larger and slowly dispersing stellar association.

"This study changes how we see the Pleiades -- not just seven bright stars, but thousands of long-lost siblings scattered across the whole sky," said Andrew Boyle, lead author and graduate student in physics and astronomy at UNC-Chapel Hill.

Cultural Significance and Expanding Scientific Insight

The discovery reaches beyond astrophysics. The Pleiades has long served as a key reference point for understanding young stars and exoplanets, and it holds cultural meaning across many societies. It appears in the Old Testament and the Talmud, is honored as Matariki in New Zealand, and is depicted in the logo of Subaru in Japan. "We're realizing that many stars near the Sun are part of massive extended stellar families with complex structures," said Andrew Mann, co-author and professor of physics and astronomy at UNC-Chapel Hill. "Our work provides a new way to uncover these hidden relationships."

Mapping Hidden Structures in the Milky Way

By studying how stars rotate, the researchers developed a new way to map our region of the Galaxy. Their findings suggest that many star clusters once thought to be isolated may actually belong to much larger stellar families. This method may eventually help scientists investigate the Sun's own origins and determine whether it formed within a similarly extensive stellar group.




"By measuring how stars spin, we can identify stellar groups too scattered to detect with traditional methods -- opening a new window into the hidden architecture of our Galaxy," Boyle said.

Understanding How Solar Systems Form

The research contributes to ongoing efforts to reconstruct the environments in which stars and planets are born. These insights are essential for understanding how solar systems, including our own, take shape and evolve over time.

The research paper is available online in The Astrophysical Journal.
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Animals are developing the same chronic diseases as humans | ScienceDaily
Across the globe, a wide range of animals, including household pets, livestock, and marine species, are developing serious health problems such as cancer, obesity, diabetes, and degenerative joint disease. These non-communicable diseases (NCDs) chronic diseases are becoming increasingly common, yet the scientific community still lacks broad, interdisciplinary research that explains why they are rising in so many species. Understanding these trends is essential because the same factors influencing animal health often affect people as well.


						
A recent study in Risk Analysis introduces a new conceptual approach designed to improve monitoring and management of chronic diseases in animals. Led by animal scientist Antonia Mataragka of the Agricultural University of Athens, the research offers an evidence-based risk assessment model. The framework not only supports veterinary health but also provides insights relevant to public health, since humans and animals are experiencing similar increases in chronic illnesses.

Genetic and Environmental Drivers of Disease

After reviewing existing research on NCDs in animals, Mataragka's study highlights multiple contributing factors.

Genetic predisposition increases disease risk in certain populations. Dogs and cats that have been selectively bred for appearance and livestock bred for productivity show higher rates of conditions such as diabetes and mitral valve disease.

Environmental influences, including poor diet, limited physical activity, and long-term stress, also shape how and when these diseases appear across species.

Examples of these patterns are found in many environments. Obesity is widespread among domestic cats and dogs, with recent surveys estimating that 50-60% fall into the overweight category, which has contributed to yearly increases in feline diabetes. In agricultural settings, about 20% of intensively raised pigs develop osteoarthritis. Marine animals face similar challenges: beluga whales have documented gastrointestinal cancers, while farmed Atlantic salmon experience cardiomyopathy syndrome. Wildlife living in polluted estuaries contaminated with industrial chemicals such as polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) show liver tumor rates as high as 15-25%.




Environmental Change Intensifies Disease Risk

Human-driven ecological transformation is amplifying these threats. Urbanization, climate disruption, land conversion, and loss of biodiversity increase the frequency and severity of harmful exposures. Warming oceans and the decline of coral ecosystems correlate with higher tumor rates in marine turtles and fish. In cities, rising temperatures and poor air quality contribute to obesity, diabetes, and immune disorders in companion animals, while chemical runoff and airborne pollution influence endocrine function in birds and mammals.

"As environmental changes accelerate disease emergence, the absence of early diagnostic systems further delays the detection of NCDs in animals," says Mataragka. "While organizations like the World Health Organization provide extensive data on NCD mortality in humans, similar detailed statistics for animals are scarce. This indicates the need for more comprehensive research and enhanced surveillance in veterinary health to better understand and address these issues."

Understanding Disease Patterns Across Species

The study assesses NCD prevalence among different animal groups and examines how specific risk factors contribute to disease development. It proposes mitigation strategies at four levels: individual, population (herd), ecosystem, and policy. The findings highlight climate change, habitat degradation, pollution, and dietary imbalance as major forces increasing vulnerability among pets, livestock, and wildlife.

Linking One Health and Ecohealth Approaches

Mataragka's model blends One Health and Ecohealth frameworks, both of which emphasize the connections between human, animal, and environmental well-being (but typically operate independently). By bringing these perspectives together, the model shows how biological susceptibility (genetic predisposition) intersects with environmental and socio-ecological pressures to drive disease.

She hopes this integrated approach will support more coordinated monitoring of animals, people, and ecosystems and help identify early warning signs of rising NCDs. By recognizing shared drivers of chronic illness, researchers and policymakers may be better equipped to reduce disease risks across species.
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Melanoma rates are spiking fast in these 15 Pennsylvania counties | ScienceDaily
Counties in Pennsylvania that contain or sit close to cultivated cropland show notably higher melanoma rates than other parts of the state, according to new research led by scientists at Penn State.


						
Researchers at the Penn State Cancer Institute reviewed cancer registry data collected from 2017 through 2021 and discovered that adults over age 50 living in a 15-county area of South Central Pennsylvania were 57% more likely to be diagnosed with melanoma, the deadliest form of skin cancer, compared to residents elsewhere in the state. The team reported these results on Nov. 14 in the journal JCO Clinical Cancer Informatics.

Charlene Lam, associate professor of dermatology at Penn State Health and co-author of the study, noted that the elevated cases appear in both rural and urban counties. She explained that the higher risk is not limited to isolated locations or people who spend much of their time outdoors.

Agricultural Environments Linked to Elevated Risk

"Melanoma is often associated with beaches and sunbathing, but our findings suggest that agricultural environments may also play a role," she said. "And this isn't just about farmers. Entire communities living near agriculture, people who never set foot in a field, may still be at risk."

The usual suspect -- sunlight -- was included in the analysis. Yet even after adjusting for ultraviolet radiation levels in Pennsylvania and considering socioeconomic factors, two consistent associations emerged. Counties with more cultivated acreage and counties with greater herbicide use displayed significantly higher melanoma rates.

Herbicides, Biological Effects, and Melanoma Patterns

"Pesticides and herbicides are designed to alter biological systems," said Eugene Lengerich, emeritus professor of public health sciences at Penn State and senior author on the paper. "Some of those same mechanisms, like increasing photosensitivity or causing oxidative stress, could theoretically contribute to melanoma development."




According to the analysis, a 10% increase in cultivated land was linked to a 14% rise in melanoma cases across the region. Herbicide exposure showed a similar pattern: a 9% increase in herbicide-treated land corresponded to a 13% increase in melanoma incidence.

Lam emphasized that exposure is not restricted to those handling agricultural chemicals. She explained that these substances can drift on air currents, settle in household dust and enter water sources.

Chemical Drift and Community-Wide Exposure

"Our findings suggest that melanoma risk could extend beyond occupational settings to entire communities," she said. "This is relevant for people living near farmland. You don't have to be a farmer to face environmental exposure."

The study also referenced earlier research showing links between pesticide and herbicide exposure and melanoma, citing evidence that these chemicals can heighten sensitivity to sunlight, interfere with immune responses and damage DNA in non-human animals and plants.

Study Shows Associations, Not Proof of Cause

Benjamin Marks, first author on the paper and a medical and public health student at the Penn State College of Medicine, cautioned that while higher melanoma rates appear in areas with more cropland and herbicide use, the findings do not prove that chemicals used on crops such as corn, soybeans and grains directly cause cancer. Instead, he said the patterns point to a connection that deserves further study.




He added that research of this kind is useful for spotting broad trends, even though it cannot identify individual risk.

"Think of this as a signal, not a verdict," Marks said. "The data suggest that areas with more cultivated land and herbicide use tend to have higher melanoma rates, but many other factors could be at play like genetics, behavior or access to health care. Understanding these patterns helps us protect not just farmers, but entire communities living near farmland."

Implications Beyond Pennsylvania

Lam said she hopes to better understand how agricultural practices relate to public health, especially since similar trends have been identified in farming regions of Utah, Poland and Italy. She encouraged anyone concerned about risk to perform routine skin checks and use sun-protective clothing and sunscreen. As part of the next phase of research, she is leading studies in rural communities within the affected area to learn more about farming practices and potential exposure pathways.

"Cancer prevention can't happen in isolation," Lengerich said. "This study demonstrates the importance of a 'One Health' approach, an understanding that human health is deeply connected to our environment and agricultural systems. If herbicides and farming practices are contributing to melanoma risk, then solutions must involve not just doctors, but farmers, environmental scientists, policymakers and communities working together."

Other co-authors include Jiangang Liao, professor of public health sciences at Penn State College of Medicine, and Camille Moeckel, a fourth-year medical student and research associate at Penn State College of Medicine.

This work was supported by the MPH Capstone Program and the Medical Student Research Project at the Penn State College of Medicine, along with the University's Algin B. Garrett Professorship.
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Daily music listening linked to big drop in dementia risk | ScienceDaily
Listening to music after the age of 70 appears to be associated with a meaningful reduction in dementia risk. A research team from Monash University analyzed data from more than 10,800 older adults and found that people in this age group who regularly listened to music experienced a 39 percent lower likelihood of developing dementia.


						
The project, led by Monash honours student Emma Jaffa and Professor Joanne Ryan, examined how both listening to music and playing instruments relate to cognitive health in adults over 70. Their analysis showed that individuals who consistently listened to music, compared with those who never, rarely, or only sometimes did so, had a 39 percent reduced risk of dementia. Playing an instrument was also tied to benefits, with a 35 percent reduction in dementia risk.

Findings Drawn From Large-Scale Aging Studies

Researchers based their work on information from the ASPirin in Reducing Events in the Elderly (ASPREE) study and the ASPREE Longitudinal Study of Older Persons (ALSOP) sub-study. The results were published in the International Journal of Geriatric Psychiatry.

People who reported always listening to music demonstrated the strongest cognitive advantages. This group showed a 39 percent lower incidence of dementia and a 17 percent lower incidence of cognitive impairment, along with higher overall cognitive scores and better episodic memory (used when recalling everyday events). Those who both listened to and played music on a regular basis had a 33 percent reduced risk of dementia and a 22 percent reduced risk of cognitive impairment.

Music as an Accessible Activity for Brain Health

Ms Jaffa noted that the outcomes of the research "suggests music activities may be an accessible strategy for maintaining cognitive health in older adults, though causation cannot be established," she said.




The findings come at a time when population aging is creating new public health challenges. Longer life expectancy has led to rising rates of age-related conditions, including cognitive decline and dementia, which places increasing pressure on families and healthcare systems.

Lifestyle Choices May Shape Cognitive Aging

Senior author Professor Ryan emphasized the urgency of exploring options to help delay or prevent dementia. "With no cure currently available for dementia, the importance of identifying strategies to help prevent or delay onset of the disease is critical," she said.

She added that "Evidence suggests that brain aging is not just based on age and genetics but can be influenced by one's own environmental and lifestyle choices. Our study suggests that lifestyle-based interventions, such as listening and/or playing music can promote cognitive health."
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Scientists uncover a surprising protein that heals stubborn wounds | ScienceDaily
When a routine blood test shows high levels of a protein called SerpinB3, it often alerts doctors that something is seriously wrong. Elevated SerpinB3 can be associated with difficult-to-treat cancers or severe inflammatory diseases.


						
SerpinB3 is known as a key protein that helps reveal when the body's barrier tissues, such as the skin and lungs, are under intense strain from cancer or long-term illness. It has typically been viewed as a sign that these protective surfaces are in trouble.

Recent work from scientists at Arizona State University adds an unexpected twist. Their research shows that SerpinB3, long regarded mainly as a disease marker, also plays a natural part in helping the body repair itself by supporting wound healing.

Chronic Wounds, High Costs

Skin wounds remain a major medical challenge. Each year in the U.S., an estimated 6 million wounds occur, and many are slow to heal or difficult to manage. These hard-to-treat injuries are frequently linked with diabetes, burns, infection or older age, and together they are thought to cost about $20 billion annually.

In a new study, coauthors Jordan Yaron, Kaushal Rege and their colleagues at the Biodesign Center for Biomaterials Innovation and Translation found that SerpinB3 is one of the body's own wound-healing tools. Their results indicate that the protein helps damaged skin recover after injury.

The work opens the door to new medical strategies. Increasing SerpinB3 activity might one day speed wound repair, while limiting its activity could become a way to slow or control aggressive cancers. The research may also shed light on how SerpinB3 contributes to inflammatory diseases, ranging from skin disorders to asthma.




The findings are reported in Proceedings of the National Academy of Sciences.

Linking Biomaterials, Serpins and Tissue Repair

This study emerged from the intersection of two major efforts in the team's lab: their broader research on bioactive materials that promote wound repair and their expertise in a family of proteins known as serpins (short for serine protease inhibitors). Serpins help regulate many processes in the body, including blood clotting and immune responses, and several members of this family appear to help keep tissue breakdown and tissue repair in balance.

"When we looked deeper into how our bioactive nanomaterials were helping tissue repair, SerpinB3, a protein originally implicated in cancer, jumped at us as a key factor that correlated with nanomaterial-driven wound healing," Rege said. "This journey, which started from use-inspired research on biomaterials for tissue repair to uncovering the fundamental role of this protein as an injury-response mechanism in skin, has been truly fascinating. We are now building on this basic finding and investigating the role of SerpinB3 in other pathological conditions."

Rege is a professor of chemical engineering and director of the Biodesign Center for Biomaterials Innovation and Translation. Yaron serves as an assistant professor of chemical engineering and is also part of the center's faculty. Both researchers hold academic appointments in the School for Engineering of Matter, Transport and Energy at ASU.

A Protein With a Double Life: Cancer and Healing

Many serpins are associated with disease when their levels in the body fall out of balance, contributing to inflammation, fibrosis and cancer. SerpinB3, one member of this family, has been widely used in cancer diagnostics as a marker of particularly aggressive forms of the disease.




SerpinB3 -- also known as squamous cell carcinoma antigen-1 -- was first identified in cervical cancer tissue in 1977. Since then, it has been routinely used as a biomarker for aggressive cancers of the lung, liver and skin, where high concentrations often signal a poorer prognosis.

"For more than four decades, SerpinB3 has been recognized as a driver of cancer growth and metastasis -- so much so that it became a clinical diagnostic. Yet after all this time, its normal role in the body remained a mystery," Yaron said. "But when we looked at injured, healing skin, we found that cells moving into the wound bed were producing enormous amounts of this protein. It became clear that this is part of the machinery humans evolved to heal epithelial injuries, a process that cancer cells have learned to exploit to spread. This now opens the doors to understanding how this protein is involved in many more diseases."

How SerpinB3 Speeds Skin Repair

By monitoring which genes become active during the healing process, the researchers discovered that SerpinB3 levels rose sharply in wounded skin. This increase was even greater in wounds covered with advanced biomaterial dressings, confirming earlier work from the group that showed how these materials can amplify the body's own repair signals.

In laboratory experiments, supplying additional SerpinB3 caused skin cells to move more quickly and cover wounds more rapidly. It proved to be about as effective as Epidermal Growth Factor, a well-known molecule that promotes healing. SerpinB3 acts by stimulating keratinocytes -- the skin cells that normally migrate to repair damage. When activated, these cells become less tightly attached to their surroundings and more able to move, allowing them to slide into the wound area and rebuild tissue.

The protein also supports the body's broader repair networks, helping to coordinate healing and the growth of new tissue. Wounds treated in this way showed collagen fibers that were more orderly and better organized, creating a stronger support framework that helps the skin regain its strength and integrity.

Future Treatments for Wounds and Cancer

The scientists emphasize that additional research is needed to understand how SerpinB3 fits into the body's overall healing systems. Because it appears to accelerate repair, SerpinB3 could eventually be developed into a therapy for chronic, hard-to-heal wounds, such as pressure sores and other ulcers that close only very slowly over time.

By uncovering SerpinB3's double role in both cancer and tissue repair, the study suggests that learning more about the body's own healing machinery could lead to improved treatments for persistent wounds and new approaches to controlling cancer.
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The hidden brain bias that makes some lies so convincing | ScienceDaily
Detecting dishonesty requires people to interpret social cues, judge intent, and decide whether someone's words are trustworthy. Scientists have long wondered how we sort through this kind of social information and how we decide if someone is being honest. A key question is whether people evaluate information in the same way when it comes from a close friend or from someone they barely know.


						
To explore this, Yingjie Liu from North China University of Science and Technology led a research team investigating how people judge information depending on the relationship they share with the communicator.

Studying Deception Through Brain Imaging

According to findings published in JNeurosci, the researchers used a neuroimaging method to observe brain activity in 66 healthy adults. Pairs of participants sat facing each other but interacted through computer screens, allowing the scientists to control the flow of information. Each message the participants exchanged had consequences that were described as either a "gain" or a "loss." A "gain" referred to information that benefited both individuals in the pair, while a "loss" referred to information that produced a negative outcome. Contributing researcher Rui Huang explained, "The key reason we chose 'gain' and 'loss' contexts is that they illustrate how people adjust decision-making in response to potential rewards or punishments."

The team discovered that people were more likely to trust false information during "gain" situations, and this behavior corresponded with activation in regions of the brain that process reward, assess risk, and interpret others' intentions. This suggests that the promise of a positive outcome can strongly influence whether a lie seems believable, even if the information should raise doubts.

Friends Show Unique Brain Patterns During Deception

One of the most striking findings involved the role of friendship. When the person delivering the potentially deceptive information was considered a friend, both individuals showed synchronized brain activity. This synchrony shifted depending on the context. For example, brain regions involved in reward showed greater alignment during "gain" scenarios, while regions tied to risk evaluation became more synchronized during "loss" moments. This shared activity provided enough information for researchers to predict when a participant was likely to be deceived by a friend.

Why People May Trust Rewarding Lies

Taken together, the results indicate that people may be especially vulnerable to believing lies when the information suggests the possibility of a "gain." The study also highlights how the brain processes social information differently between friends, which may make it harder to accurately judge the truthfulness of what is being said. This combination of reward-driven thinking and interpersonal connection appears to influence how people weigh honesty, potentially leading them to accept false information more easily in certain situations.
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GLP-1 drugs like Ozempic deliver huge weight loss but new research reveals a hidden catch | ScienceDaily
Three new Cochrane reviews report that GLP-1 drugs can lead to meaningful weight loss, although the strong involvement of pharmaceutical companies in many studies raises concerns. The World Health Organization (WHO) requested these reviews to help shape upcoming recommendations on using these medications for obesity treatment.


						
The analyses evaluated three GLP-1 receptor agonists used for weight management and found that each one produced clinically important weight loss when compared with placebo. Even so, there is still limited or uncertain evidence about their long-term safety, possible side effects, and how financial ties might influence study results.

Glucagon-like peptide-1 (GLP-1) receptor agonists were first introduced in the mid-2000s to help people with type 2 diabetes. In that setting, particularly among those with underlying heart or kidney disease, the drugs helped improve blood sugar levels, lowered the risk of related complications, aided weight reduction, and reduced the likelihood of early death.

More recently, researchers have been testing GLP-1 receptor agonists in people with obesity. These medications work by imitating a natural hormone that slows digestion and helps individuals feel full for longer. In the United Kingdom, they are approved for weight management when combined with a reduced calorie diet and physical activity for people with obesity or for those who are overweight with related health issues.

GLP-1 drugs show promise for weight management

Across the reviewed studies, tirzepatide, semaglutide, and liraglutide consistently led to significant weight loss over one to two years compared with placebo, and the benefits appeared to continue during ongoing treatment.
    	Tirzepatide (administered once weekly) produced about a 16% reduction in body weight after 12 to 18 months. Results from 8 randomized controlled trials (6 361 participants) indicated that these effects might last up to 3.5 years, although long-term safety data remain limited.
    	Semaglutide (also injected weekly) was associated with an average weight loss of around 11% after 24 to 68 weeks, with evidence suggesting the effect can persist for up to two years, based on 18 randomized controlled trials (27 949 participants). More people achieved at least a 5% weight reduction, but the drug caused higher rates of mild-to-moderate gastrointestinal issues.
    	Liraglutide (a daily injection) resulted in an average 4-5% weight loss in 24 trials (9 937 participants), still outperforming placebo. Evidence on benefits beyond two years was more limited.

The reviews found little to no difference between the drugs and placebo when looking at major cardiovascular events, mortality, or quality of life. However, nausea and digestive discomfort appeared more often among people taking GLP-1 drugs, and some participants discontinued treatment because of these side effects.




"These drugs have the potential to bring about substantial weight loss, particularly in the first year," says Juan Franco, co-lead researcher from Heinrich Heine University Dusseldorf, Germany. "It's an exciting moment after decades of unsuccessful attempts to find effective treatments for people living with obesity."

Independent research and equitable access are key

Most of the studies included in the reviews were funded by the companies that manufacture the drugs and were shaped by those companies in terms of design, analysis, and reporting. This has raised questions about potential conflicts of interest and highlights the importance of independent research.

The authors also stressed that the use of these medications should be viewed in a broader health context, including issues such as access, affordability, and insurance coverage, so that existing health inequities are not made worse. Costs remain a major barrier, particularly for semaglutide and tirzepatide, while liraglutide has become more affordable since its patent expired. Semaglutide's patent is set to expire in 2026.

Most of the trials were conducted in middle- and high-income countries, with little or no representation from regions such as Africa, Central America, and Southeast Asia. Because body composition, eating patterns, and health behaviors differ around the world, the authors emphasized the need to understand how these drugs work in more diverse populations.

"We need more data on the long-term effects and other outcomes related to cardiovascular health, particularly in lower-risk individuals," says Eva Madrid, co-lead researcher from the Universidad de Valparaiso, Chile. "Weight regain after stopping treatment may affect the long-term sustainability of the observed benefits. More independent studies from a public health perspective are needed."

The reviews highlight the need for long-term, independent investigations to guide clinical and policy decisions and to better define the role of GLP-1 receptor agonists in lasting weight management.

Commissioned by the World Health Organization, the reviews will contribute to upcoming WHO guidelines on the use of GLP-1 receptor agonists for treating obesity.
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Physicists reveal a new quantum state where electrons run wild | ScienceDaily
Electricity keeps modern life running, from cars and phones to computers and nearly every device we rely on. It works through the movement of electrons traveling through a circuit. Although these particles are far too small to see, the electric current they produce flows through wires in a way that resembles water moving through a pipe.


						
In some materials, however, this steady flow can suddenly lock into organized, crystal-like patterns. When electrons settle into these rigid arrangements, the material undergoes a shift in its state of matter and stops conducting electricity. Instead of acting like a metal, it behaves as an insulator. This unusual behavior provides scientists with valuable insight into how electrons interact and has opened the door to advances in quantum computing, high-performance superconductors used in energy and medical imaging, innovative lighting systems, and extremely precise atomic clocks.

A group of physicists at Florida State University, including National High Magnetic Field Laboratory Dirac Postdoctoral Fellow Aman Kumar, Associate Professor Hitesh Changlani, and Assistant Professor Cyprian Lewandowski, has now identified the specific conditions that allow a special kind of electron crystal to form. In this state, electrons arrange themselves in a solid lattice yet can also shift into a more fluid form. This hybrid phase is called a generalized Wigner crystal, and the team's findings appear in npj Quantum Materials, a Nature publication.

How Electron Crystals Form

Scientists have long known that electrons in thin, two-dimensional materials can solidify into Wigner crystals, a concept first proposed in 1934. Experiments in recent years have detected these structures, but researchers had not fully understood how they arise once additional quantum effects are considered.

"In our study, we determined which 'quantum knobs' to turn to trigger this phase transition and achieve a generalized Wigner crystal, which uses a 2D moire system and allows different crystalline shapes to form, like stripes or honeycomb crystals, unlike traditional Wigner crystals that only show a triangular lattice crystal," Changlani said.

To explore these conditions, the team relied on advanced computational tools at FSU's Research Computing Center, an academic service unit of Information Technology Services, as well as the National Science Foundation's ACCESS program (an advanced computing and data resource under the Office of Advanced Cyberinfrastructure). They used methods such as exact diagonalization, density matrix renormalization group, and Monte Carlo simulations to test how electrons behave under various scenarios.




Processing Enormous Amounts of Quantum Data

Quantum mechanics assigns two pieces of information to every electron, and when hundreds or thousands of electrons interact, the total amount of data becomes extremely large. The researchers used sophisticated algorithms to compress and organize this overwhelming information into networks that could be examined and interpreted.

"We're able to mimic experimental findings via our theoretical understanding of the state of matter," Kumar said. "We conduct precise theoretical calculations using state-of-the-art tensor network calculations and exact diagonalization, a powerful numerical technique used in physics to collect details about a quantum Hamiltonian, which represents the total quantum energy in a system. Through this, we can provide a picture for how the crystal states came about and why they're favored in comparison to other energetically competitive states."

A New Hybrid: The Quantum Pinball Phase

While studying the generalized Wigner crystal, the team uncovered another surprising state of matter. In this newly identified phase, electrons show both insulating and conducting behavior at the same time. Some electrons remain anchored in place within the crystal lattice, while others break free and move throughout the material. Their motion resembles a pinball ricocheting between stationary posts.

"This pinball phase is a very exciting phase of matter that we observed while researching the generalized Wigner crystal," Lewandowski said. "Some electrons want to freeze and others want to float around, which means that some are insulating and some are conducting electricity. This is the first time this unique quantum mechanical effect has been observed and reported for the electron density we studied in our work."

Why These Discoveries Matter




These results expand scientists' ability to understand and control how matter behaves at the quantum level.

"What causes something to be insulating, conducting or magnetic? Can we transmute something into a different state?" Lewandowski said. "We're looking to predict where certain phases of matter exist and how one state can transition to another -- when you think of turning a liquid into gas, you picture turning up a heat knob to get water to boil into steam. Here, it turns out there are other quantum knobs we can play with to manipulate states of matter, which can lead to impressive advances in experimental research."

By adjusting these quantum knobs, or energy scales, researchers can push electrons from solid to liquid phases within these materials. Understanding Wigner crystals and their related states may shape the future of quantum technologies, including quantum computing and spintronics -- a rapidly evolving area of condensed-matter physics that promises faster, more efficient nano-electronic devices with lower energy use and reduced manufacturing costs.

The team aims to further explore how electrons cooperate and influence one another in complex systems. Their goal is to address fundamental questions that could ultimately drive innovations in quantum, superconducting, and atomic technologies.
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Princeton's new quantum chip marks a major step toward quantum advantage | ScienceDaily
Princeton engineers have created a superconducting qubit that remains stable for three times longer than the strongest designs available today. This improvement represents an important move toward building quantum computers that can operate reliably.


						
"The real challenge, the thing that stops us from having useful quantum computers today, is that you build a qubit and the information just doesn't last very long," said Andrew Houck, leader of a federally funded national quantum research center, Princeton's dean of engineering and co-principal investigator on the paper. "This is the next big jump forward."

In a Nov. 5 article published in Nature, the Princeton team reported that their qubit maintains coherence for more than 1 millisecond. This performance is triple the longest lifetime documented in laboratory experiments and nearly fifteen times greater than the standard used in industrial quantum processors. To confirm the result, the team constructed a functioning quantum chip based on the new qubit, demonstrating that the design can support error correction and scale toward larger systems.

The researchers noted that their qubit is compatible with the architectures used by major companies such as Google and IBM. According to their analysis, replacing key components in Google's Willow processor with Princeton's approach could increase its performance by a factor of 1,000. Houck added that as quantum systems incorporate more qubits, the advantages of this design increase even more rapidly.

Why Better Qubits Matter for Quantum Computing

Quantum computers show promise for solving problems that traditional computers cannot address. Yet their current abilities remain limited because qubits lose their information before complex calculations can be completed. Extending coherence time is therefore essential for building practical quantum hardware. Princeton's improvement represents the largest single gain in coherence time in more than ten years.

Many labs are pursuing different qubit technologies, but Princeton's design builds on a widely used approach known as the transmon qubit. Transmons, which operate as superconducting circuits held at extremely low temperatures, are known for being resistant to environmental interference and compatible with modern manufacturing tools.




Despite these strengths, increasing the coherence time of transmon qubits has proven difficult. Recent results from Google showed that material defects now pose the main barrier to improving their newest processor.

Tantalum and Silicon: A New Materials Strategy

The Princeton team developed a two-part strategy to address these material challenges. First, they incorporated tantalum, a metal known for helping delicate circuits retain energy. Second, they replaced the standard sapphire substrate with high-purity silicon, a material foundational to the computing industry. Growing tantalum directly on silicon required solving several technical problems related to how the two materials interact, but the researchers succeeded and uncovered significant advantages in the process.

Nathalie de Leon, co-director of Princeton's Quantum Initiative and co-principal investigator of the project, said the tantalum-silicon design not only performs better than previous approaches but is also simpler to manufacture at scale. "Our results are really pushing the state of the art," she said.

Michel Devoret, chief scientist for hardware at Google Quantum AI, which provided partial funding, described the difficulty of extending the lifetime of quantum circuits. He noted that the challenge had become a "graveyard" of attempted solutions. "Nathalie really had the guts to pursue this strategy and make it work," said Devoret, the 2025 Nobel Prize winner in physics.

The project received primary funding from the U.S. Department of Energy National Quantum Information Science Research Centers and the Co-design Center for Quantum Advantage (C2QA), a center directed by Houck from 2021 to 2025 and where he now serves as chief scientist. The paper lists postdoctoral researcher Faranak Bahrami and graduate student Matthew P. Bland as co-lead authors.




How Tantalum Improves Qubit Stability

Houck, the Anthony H.P. Lee '79 P11 P14 Professor of Electrical and Computer Engineering, explained that a quantum computer's capability depends on two main factors. One is the total number of qubits that can be linked together. The other is how many operations each qubit can complete before errors accumulate. Improving the durability of a single qubit strengthens both of these factors. Longer coherence time directly supports scaling and more reliable error correction.

Energy loss is the most common cause of failure in these systems. Microscopic surface defects in the metal can trap energy and disrupt the qubit during calculations. These disruptions multiply as more qubits are added. Tantalum is especially beneficial because it typically contains fewer of these defects than metals like aluminum. With fewer defects, the system produces fewer errors and simplifies the process of correcting the ones that remain.

Houck and de Leon introduced tantalum for superconducting chips in 2021 with help from Princeton chemist Robert Cava, the Russell Wellman Moore Professor of Chemistry. Cava, who specializes in superconducting materials, became interested in the problem after hearing one of de Leon's talks. Their conversations eventually led him to suggest tantalum as a promising material. "Then she went and did it," Cava said. "That's the amazing part."

Researchers across all three labs followed this idea and built a tantalum-based superconducting circuit on a sapphire substrate. The result showed a significant improvement in coherence time, approaching the previous world record.

Bahrami noted that tantalum stands out because it is extremely durable and can withstand the harsh cleaning used to remove contamination during fabrication. "You can put tantalum in acid, and still the properties don't change," she said.

Once contaminants were removed, the team evaluated the remaining energy losses. They found that the sapphire substrate was responsible for most of the remaining problems. Switching to high-purity silicon eliminated that source of loss, and the combination of tantalum and silicon, along with refined fabrication techniques, produced one of the biggest improvements ever achieved in a transmon qubit. Houck described the outcome as "a major breakthrough on the path to enabling useful quantum computing."

Houck added that because the benefits of the design increase exponentially as systems grow, replacing today's industry-leading qubits with the Princeton version could allow a theoretical 1,000-qubit computer to operate about 1 billion times more effectively.

Silicon-Based Design Supports Industry-Scale Growth

The project draws from three areas of expertise. Houck's group focuses on the design and optimization of superconducting circuits. De Leon's lab specializes in quantum metrology along with the materials and fabrication methods that determine qubit performance. Cava's group has spent decades developing superconducting materials. By combining their strengths, the team produced results that none of the groups could have achieved individually. Their success has already attracted attention from the quantum industry.

Devoret said collaborations between universities and companies are essential for moving advanced technologies forward. "There is a rather harmonious relationship between industry and academic research," he said. University researchers can investigate the fundamental limits of quantum performance, while industry partners apply those findings to large-scale systems.

"We've shown that it's possible in silicon," de Leon said. "The fact that we've shown what the critical steps are, and the important underlying characteristics that will enable these kinds of coherence times, now makes it pretty easy for anyone who's working on scaled processors to adopt."

The paper "Millisecond lifetimes and coherence times in 2D transmon qubits" was published in Nature on Nov. 5. Along with de Leon, Houck, Cava, Bahrami, and Bland, the authors include Jeronimo G.C. Martinez, Paal H. Prestegaard, Basil M. Smitham, Atharv Joshi, Elizabeth Hedrick, Alex Pakpour-Tabrizi, Shashwat Kumar, Apoorv Jindal, Ray D. Chang, Ambrose Yang, Guangming Cheng and Nan Yao. This research received primary support from the U.S. Department of Energy, Office of Science, National Quantum Information Science Research Centers, Co-design Center for Quantum Advantage (C2QA), and partial support from Google Quantum AI.
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Ultra-processed foods quietly push young adults toward prediabetes | ScienceDaily
More than half of the calories people consume in the United States come from ultra-processed foods (UPFs), which include items such as fast food and packaged snacks that tend to contain large amounts of sodium, added sugars and unhealthy fats. While studies in adults have firmly connected these foods to type 2 diabetes and other chronic conditions, far less is known about how UPFs affect younger populations.


						
Researchers at the Keck School of Medicine of USC have now completed one of the earliest studies to examine how UPF intake relates to the body's ability to manage glucose, a key factor for predicting diabetes. By monitoring changes over several years, the team gained a clearer picture of how long-term food choices can influence important metabolic functions.

Tracking Young Adults Over Time

The study followed 85 young adults for four years. During this period, the researchers found that higher consumption of UPFs was tied to an increased likelihood of developing prediabetes, an early stage of elevated blood sugar that can progress to diabetes. Young adults who ate more UPFs also showed signs of insulin resistance, a condition in which the body becomes less efficient at using insulin to manage blood sugar. The findings, published in the journal Nutrition and Metabolism, were supported in part by the National Institutes of Health.

"Our findings show that even modest increases in ultra-processed food intake can disrupt glucose regulation in young adults at risk for obesity. These results point to diet as a modifiable driver of early metabolic disease, and an urgent target for prevention strategies among young people," said Vaia Lida Chatzi, MD, PhD, a professor of population and public health sciences and pediatrics and director of the Southern California Superfund Research and Training Program for PFAS Assessment, Remediation and Prevention (ShARP) Center at the Keck School of Medicine, who is the study's senior author.

Why Early Adulthood Matters

Early adulthood represents a period when individuals have reached physical maturity and are forming routines that may continue for decades. Replacing heavily processed meals with whole foods such as fruits, vegetables and whole grains can lower the chance of developing type 2 diabetes in the future.




"Young adulthood is a critical window for shaping long-term health," Chatzi said. "By focusing on young adults, we have an opportunity to intervene early, before prediabetes and other risk factors become lifelong conditions."

Identifying Early Signs of Prediabetes

The participants in the study were part of the Metabolic and Asthma Incidence Research (Meta-AIR) study, itself a segment of the larger Southern California Children's Health Study. The 85 volunteers, aged 17-22, provided dietary and health information during one visit between 2014 and 2018 and again roughly four years later.

At each appointment, participants listed everything they had eaten on a recent weekday and weekend day. Researchers grouped each food into one of two categories: UPFs (such as candy, soda, cereal, packaged spreads, flavored yogurts and many restaurant meals) or foods that were not ultra-processed. They then calculated the percentage of each person's total daily calories that came from UPFs.

Blood samples were collected before and after participants drank a sugary beverage so the researchers could evaluate how effectively their bodies produced insulin in response to rising blood sugar. Statistical analyses were used to compare dietary shifts with markers of prediabetes while accounting for differences in age, sex, ethnicity and physical activity.

Between the baseline and follow-up visits, a 10% rise in UPF intake was linked to a 64% higher risk of prediabetes and a 56% higher likelihood of impaired glucose regulation. Participants who consumed more UPFs at the start of the study were also more likely to show elevated insulin at the follow-up visit -- an early indicator of insulin resistance, when the body compensates for reduced insulin effectiveness by producing more of it.




Reducing Ultra-Processed Foods for Better Health

The results underscore that UPFs pose significant risks for young adults, a demographic rarely examined in previous work.

"These findings indicate that ultra-processed food consumption increases the risk for pre-diabetes and type 2 diabetes among young adults -- and that limiting consumption of those foods can help prevent disease," said the study's first author, Yiping Li, a doctoral student in quantitative biomedical sciences at Dartmouth College who previously worked as a researcher at the Keck School of Medicine.

The researchers noted that larger studies with more detailed food tracking could help pinpoint which specific UPFs are most harmful for young adults. They also aim to explore how nutrients in these foods may influence insulin function and blood sugar control.

Study Contributors and Funding

In addition to Li and Chatzi, the study's authors include Elizabeth Costello, Sarah Rock, Zhanghua Chen, Frank Gilliland, Michael I. Goren, Jesse A. Goodrich and David V. Conti from the Department of Population and Public Health Sciences, Keck School of Medicine of USC, University of Southern California; William B. Patterson from the University of Colorado School of Medicine; Tanya L. Alderete from the Bloomberg School of Public Health, Johns Hopkins University; and Nikos Stratakis from the Barcelona Institute for Global Health (ISGlobal).

This work was primarily supported by the National Institute of Environmental Health Sciences (NIEHS) of the National Institutes of Health [P42ES036506, P30ES007048]. Funding for the Meta-AIR study came from the Southern California Children's Environmental Health Center grants funded by NIEHS [5P01ES022845-03, P30ES007048, 5P01ES011627]; the U.S. Environmental Protection Agency [RD83544101]; and the Hastings Foundation. Additional funding came from NIEHS [R01ES036253, R01ES029944, R01ES030364, U01HG013288, T32ES013678, U01HG013288, R01ES035035 and R01ES035056]; the European Union [The Advancing Tools for Human Early Lifecourse Exposome Research and Translation (ATHLETE) project: 874583]; the National Institute on Minority Health and Health Disparities [P50MD017344]; and the Horizon Europe Research and Innovation Program [Marie Sklodowska-Curie Actions Postdoctoral Fellowships: 101059245]. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.
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New research uncovers the massive squid diet of Hawaiian pilot whales | ScienceDaily

How much energy a species must take in each day is an important indicator of its vulnerability if food becomes scarce. For short-finned pilot whales, which routinely plunge to depths of up to 1700m in search of squid, this information is especially valuable.

"These animals have been studied in locations around the world, but relatively little is known about them in Hawaiian waters," says William Gough (University of Hawai`i at Manoa, USA). He and his colleagues set out to determine exactly how much squid Hawaiian short-finned pilot whales rely on.

Tagging Pilot Whales to Track Deep Diving Behavior

To gather the data, the team traveled into offshore waters and placed suction-cup tags on eight whales. Each tag recorded extensive information, including motion data, video footage from a lighted camera, hydrophone audio of echolocation clicks, and GPS coordinates.

"Short-finned pilot whales are fairly small and quick, so we really have to pick our moment," recalls Gough. He explains that the ideal position for the tag was directly behind the blowhole and oriented toward the head so it could capture feeding activity during deep dives.

To estimate each animal's size, the researchers also used a drone positioned 25m above the whales as they swam.




Energy Use During Dives and How It Translates to Squid Needs

After retrieving the tags, which sometimes drifted as far as 50 miles before being recovered, Gough and his team documented 118 deep dives, with the whales reaching depths of up to 864m and averaging about 39 dives per day.

By analyzing tail-beat patterns as the whales descended, the researchers determined that the animals expend 73.8kJ/min during dives and 44.4kJ/min while resting at the surface. This led to a key question: how many squid must a whale consume to meet this daily energy demand?

By listening for distinct echolocation signals that indicate a whale catching a squid, the team estimated an average of about 4 squid captured per dive. Each squid provides roughly 560kJ of digestible energy.

From these calculations, Gough concluded that a single whale needs between 82 and 202 squid each day, adding up to around 73,730 squid per whale per year.

Scaling Up to the Full Hawaiian Population

To understand broader ecological impact, the scientists then estimated the total squid intake for the regional whale community. With up to 8,000 short-finned pilot whales living around Hawai`i, the combined consumption reaches approximately 88,000 tonnes of squid annually. Despite the enormous scale of these numbers, the scientists report that the squid populations in Hawaiian waters are robust enough to support this demand.

"These results show that short-finned pilot whales are in relatively good shape in Hawai`i, having found an abundant and reliable source of food," says Gough, who remains optimistic about the species' outlook in the region.
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AI creates the first 100-billion-star Milky Way simulation | ScienceDaily
Researchers led by Keiya Hirashima at the RIKEN Center for Interdisciplinary Theoretical and Mathematical Sciences (iTHEMS) in Japan, working with partners from The University of Tokyo and Universitat de Barcelona in Spain, have created the first Milky Way simulation capable of tracking more than 100 billion individual stars across 10 thousand years of evolution. The team achieved this milestone by pairing artificial intelligence (AI) with advanced numerical simulation techniques. Their model includes 100 times more stars than the most sophisticated earlier simulations and was generated more than 100 times faster.


						
The work, presented at the international supercomputing conference SC '25, marks a major step forward for astrophysics, high-performance computing, and AI-assisted modeling. The same strategy could also be applied to large-scale Earth system studies, including climate and weather research.

Why Modeling Every Star Is So Difficult

For many years, astrophysicists have aimed to build Milky Way simulations detailed enough to follow each individual star. Such models would allow researchers to compare theories of galactic evolution, structure, and star formation directly to observational data. However, simulating a galaxy accurately requires calculating gravity, fluid behavior, chemical element formation, and supernova activity across enormous ranges of time and space, which makes the task extremely demanding.

Scientists have not previously been able to model a galaxy as large as the Milky Way while maintaining fine detail at the level of single stars. Current cutting-edge simulations can represent systems with the equivalent mass of about one billion suns, far below the more than 100 billion stars that make up the Milky Way. As a result, the smallest "particle" in those models usually represents a group of roughly 100 stars, which averages away the behavior of individual stars and limits the accuracy of small-scale processes. The challenge is tied to the interval between computational steps: to capture rapid events such as supernova evolution, the simulation must advance in very small time increments.

Shrinking the timestep means dramatically greater computational effort. Even with today's best physics-based models, simulating the Milky Way star by star would require about 315 hours for every 1 million years of galactic evolution. At that rate, generating 1 billion years of activity would take over 36 years of real time. Simply adding more supercomputer cores is not a practical solution, as energy use becomes excessive and efficiency drops as more cores are added.

A New Deep Learning Approach

To overcome these barriers, Hirashima and his team designed a method that blends a deep learning surrogate model with standard physical simulations. The surrogate was trained using high-resolution supernova simulations and learned to predict how gas spreads during the 100,000 years following a supernova explosion without requiring additional resources from the main simulation. This AI component allowed the researchers to capture the galaxy's overall behavior while still modeling small-scale events, including the fine details of individual supernovae. The team validated the approach by comparing its results against large-scale runs on RIKEN's Fugaku supercomputer and The University of Tokyo's Miyabi Supercomputer System.




The method offers true individual-star resolution for galaxies with more than 100 billion stars, and it does so with remarkable speed. Simulating 1 million years took just 2.78 hours, meaning that 1 billion years could be completed in approximately 115 days instead of 36 years.

Broader Potential for Climate, Weather, and Ocean Modeling

This hybrid AI approach could reshape many areas of computational science that require linking small-scale physics with large-scale behavior. Fields such as meteorology, oceanography, and climate modeling face similar challenges and could benefit from tools that accelerate complex, multi-scale simulations.

"I believe that integrating AI with high-performance computing marks a fundamental shift in how we tackle multi-scale, multi-physics problems across the computational sciences," says Hirashima. "This achievement also shows that AI-accelerated simulations can move beyond pattern recognition to become a genuine tool for scientific discovery -- helping us trace how the elements that formed life itself emerged within our galaxy."
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Microquasars emerge as the Milky Way's most extreme particle engines | ScienceDaily
Milestone results released by the Large High Altitude Air Shower Observatory (LHAASO) on November 16 have finally clarified a decades-old puzzle in astrophysics: the unusual drop in cosmic ray counts above 3 PeV that produces what scientists call the "knee" in the cosmic ray energy spectrum.


						
The cause of this steep decline has remained mysterious since it was first identified nearly 70 years ago. Researchers long suspected that the feature reflects the highest energies that cosmic ray sources can reach, marking a shift in the spectrum from one power-law behavior to another.

Micro-quasars emerge as the likely origin of the "knee"

Two new studies -- published in National Science Review and Science Bulletin -- now point to micro-quasars powered by black hole accretion as the leading explanation. These studies show that these compact systems act as extremely powerful particle accelerators within the Milky Way and can plausibly generate the energies associated with the "knee." The findings also deepen scientific understanding of how black hole systems drive extreme physical processes.

The research team included scientists from the Institute of High Energy Physics of the Chinese Academy of Sciences (CAS), Nanjing University, the University of Science and Technology of China of CAS, La Sapienza University of Rome, and several additional institutions.

LHAASO detects ultra-high-energy emission from five micro-quasars

Black holes in binary systems pull in matter from companion stars, creating relativistic jets that transform these systems into "micro-quasars." LHAASO has now detected ultra-high-energy gamma rays from five such objects: SS 433, V4641 Sgr, GRS 1915+105, MAXI J1820+070, and Cygnus X-1. This marks the first time these sources have been systematically observed at such high energies.




One of the most striking results comes from SS 433, where the detected gamma rays overlap with a massive atomic cloud. This strongly indicates that the black hole accelerates high-energy protons which then collide with the surrounding material. Proton energies in SS 433 exceeded 1 PeV, and the total power reached approximately 1032 joules per second, a level comparable to the energy released each second by four trillion of the most powerful hydrogen bombs. Another micro-quasar, V4641 Sgr, produced gamma rays reaching 0.8 PeV, identifying it as another "super PeV particle accelerator." The parent particles behind these gamma rays carried energies above 10 PeV.

These observations confirm that micro-quasars are capable of accelerating particles to PeV levels across the Milky Way. This resolves a long-standing tension in cosmic ray research: while supernova remnants are known to produce cosmic rays, both data and theory suggest they cannot account for the energies seen at and above the "knee."

LHAASO measures proton energies once thought impossible to isolate

Understanding the full picture requires precise measurements of the energy spectra of different cosmic ray species and their individual "knees." Measuring the spectrum of protons (the lightest nuclei) is the first and most crucial step. Yet protons in the "knee" energy range are extremely rare, and satellite detectors have limited coverage, making such observations extraordinarily challenging. Ground-based methods introduce atmospheric interference, which historically made it almost impossible to distinguish protons from heavier nuclei.

Using its advanced cosmic ray detection facilities, LHAASO developed multi-parameter analysis techniques that allowed researchers to identify a statistically large and highly pure sample of protons. This enabled a precise measurement of their energy spectrum that rivals the accuracy of satellite-based instruments. The results revealed an unexpected structure: instead of a smooth shift between power-law behaviors, the proton spectrum contains a distinct new "high-energy component."

Multiple cosmic accelerators shape the Milky Way's particle environment

When combined with proton data from the AMS-02 satellite at lower energies and the intermediate-energy measurements from the DArk Matter Particle Explorer (DAMPE), the results show that the Milky Way hosts multiple types of accelerators. Each has its own characteristic energy limit. The "knee" marks the maximum energy reached by sources that produce the newly identified high-energy component.




The intricate structure of the proton spectrum suggests that PeV cosmic rays are largely produced by "new sources" such as micro-quasars, which can accelerate particles to significantly higher energies than supernova remnants. This ability allows them to generate the particles responsible for the "knee" and those that extend beyond it.

Black hole jet systems linked directly to the cosmic ray "knee"

Together, the discoveries form a consistent explanation. They resolve the long-debated origin of the "knee" and provide compelling observational evidence for the role of black hole systems in producing cosmic rays.

LHAASO's hybrid detector array enables both the detection of high-energy gamma rays from cosmic accelerators and precise measurements of the cosmic rays that reach near-Earth space. This dual capability offers new insights into the acceleration limits of astrophysical sources and the spectral signatures they contribute. For the first time, scientists have been able to directly connect the "knee" to a specific class of objects: black hole jet systems.

LHAASO, designed, built, and operated by Chinese scientists, has become a global leader in high-energy cosmic ray research due to its exceptional sensitivity in gamma-ray astronomy and precision cosmic ray measurements. Its achievements continue to expand understanding of the universe's most extreme processes.
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        Why saving microbes may be the most important conservation effort ever
        Researchers have launched the first coordinated plan to protect microbial biodiversity, calling attention to the "invisible 99% of life" that drives essential Earth systems. The IUCN has formally recognized this effort through the creation of the Microbial Conservation Specialist Group. By developing new metrics, policies, and restoration tools, scientists aim to make microbial life a core part of global conservation action. The roadmap also outlines upcoming goals such as microbial hotspot maps ...

      

      
        Scientists grow a tiny human "blood factory" that actually works
        Researchers have recreated a miniature human bone marrow system that mirrors the real structure found inside our bones. The model includes the full mix of cells and signals needed for blood production and even maintains this process for weeks. It could transform how scientists study blood cancers and test new drugs. In the future, it may support more personalized treatment strategies.

      

      
        Light has been hiding a magnetic secret for nearly 200 years
        New research shows that light's magnetic field is far more influential than scientists once believed. The team found that this magnetic component significantly affects how light rotates as it passes through certain materials. Their work challenges a 180-year-old understanding of the Faraday Effect and opens pathways to new optical and magnetic technologies.

      

      
        Massive hidden structures deep inside Earth may explain how life began
        Scientists may finally be closing in on the origins of two colossal, mysterious structures buried nearly 1,800 miles inside Earth--hidden formations that have puzzled researchers for decades. New modeling suggests that slow leakage of elements from Earth's core into the mantle prevented the planet from developing strong chemical layers after its primordial magma-ocean era.

      

      
        Quantum computers just simulated physics too complex for supercomputers
        Researchers created scalable quantum circuits capable of simulating fundamental nuclear physics on more than 100 qubits. These circuits efficiently prepare complex initial states that classical computers cannot handle. The achievement demonstrates a new path toward simulating particle collisions and extreme forms of matter. It may ultimately illuminate long-standing cosmic mysteries.

      

      
        A 2,000-year mystery in chameleon eyes is finally solved
        Chameleons' extraordinary ability to move their eyes independently stems from a previously overlooked anatomical marvel: long, tightly coiled optic nerves hidden behind their bulging eyes. Modern CT imaging finally revealed this structure, which centuries of dissections and even the scrutiny of figures like Aristotle and Newton failed to capture. The coils give the eyes extra slack, enabling nearly 360-degree scanning without neck mobility.

      

      
        Scientists finally discover what's fueling massive sargassum blooms
        Massive Sargassum blooms sweeping across the Caribbean and Atlantic are fueled by a powerful nutrient partnership: phosphorus pulled to the surface by equatorial upwelling and nitrogen supplied by cyanobacteria living directly on the drifting algae. Coral cores reveal that this nutrient engine has intensified over the past decade, perfectly matching surges in Sargassum growth since 2011. By ruling out older theories involving Saharan dust and river runoff, researchers uncovered a climate-driven p...

      

      
        Everyday microplastics could be fueling heart disease
        Microplastics--tiny particles now found in food, water, air, and even human tissues--may directly accelerate artery-clogging disease, and new research shows the danger may be far greater for males. In mice, environmentally realistic doses of microplastics dramatically worsened plaque buildup, altered key vascular cells, and activated harmful genes linked to inflammation and atherosclerosis, all without changes to weight or cholesterol.

      

      
        How to keep Ozempic/Wegovy weight loss without the nausea
        Scientists are uncovering how GLP-1 drugs like Ozempic and Wegovy act on brain regions that control hunger, nausea, pleasure-based eating, and thirst. These discoveries may help create treatments that keep the benefits of weight loss while reducing unwanted side effects.

      

      
        Nearly 47 million Americans live near hidden fossil fuel sites
        A nationwide analysis has uncovered how sprawling fossil fuel infrastructure sits surprisingly close to millions of American homes. The research shows that 46.6 million people live within about a mile of wells, refineries, pipelines, storage sites, or transport facilities. Many of these locations release pollutants that may affect nearby communities, yet mid-supply-chain sites have rarely been studied. The findings reveal major gaps in understanding how this hidden network affects health.

      

      
        Supercomputer creates the most realistic virtual brain ever
        Researchers have created one of the most detailed virtual mouse cortex simulations ever achieved by combining massive biological datasets with the extraordinary power of Japan's Fugaku supercomputer. The digital brain behaves like a living system, complete with millions of neurons and tens of billions of synapses, giving scientists the ability to watch diseases like Alzheimer's or epilepsy unfold step by step. The project opens a new path for studying brain function, tracking how damage spreads a...

      

      
        Secret chemical traces reveal life on Earth 3. 3 billion years ago
        Researchers have discovered chemical traces of life in rocks older than 3.3 billion years, offering a rare look at Earth's earliest biology. By combining advanced chemical methods with artificial intelligence, scientists were able to detect faint molecular patterns left behind long after the original biomolecules disappeared. Newly analyzed fossils, including ancient seaweed from Canada's Yukon Territory, helped validate the method and deepen understanding of early ecosystems.

      

      
        Blocking one enzyme may break the link between alcohol and liver disease
        Scientists discovered that alcohol activates a sugar-producing pathway in the body, creating fructose that may reinforce addictive drinking. The enzyme responsible, KHK, appears to drive both alcohol cravings and liver injury. When this enzyme was blocked in mice, their drinking decreased and their livers showed far less damage.

      

      
        Amazon scorpion venom shows stunning power against breast cancer
        Scientists are turning venom, radioisotopes, engineered proteins, and AI into powerful new tools against cancer. From Amazonian scorpions yielding molecules that kill breast cancer cells as effectively as chemotherapy, to improved fibrin sealants and custom-grown bioactive factors, researchers are pushing biotechnology into uncharted territory. Parallel teams are advancing radiotheranostics that diagnose and destroy tumors with precision, while others forge experimental vaccines that train the im...

      

      
        A surprising CBD advance calms pain without side effects
        Researchers developed a new nano-micelle formulation, CBD-IN, that finally gets CBD into the brain effectively. In mice, it relieved neuropathic pain quickly and didn't cause the usual movement or memory side effects. Surprisingly, the pain relief didn't use typical cannabinoid receptors, instead calming abnormal nerve activity more directly. The findings hint at new avenues for treating chronic pain and neurological diseases.

      

      
        Supercomputers decode the strange behavior of Enceladus's plumes
        Cutting-edge simulations show that Enceladus' plumes are losing 20-40% less mass than earlier estimates suggested. The new models provide sharper insights into subsurface conditions that future landers may one day probe directly.

      

      
        Scientists discover metformin may block key exercise benefits
        Rutgers scientists found that metformin can blunt many of the metabolic and cardiovascular improvements normally produced by exercise. Participants who took the drug saw reduced gains in fitness, blood vessel function, and glucose control. The interference may stem from how metformin affects mitochondrial activity.

      

      
        A silent kidney crisis is spreading faster than anyone expected
        Chronic kidney disease has surged to nearly 800 million cases and is now among the top causes of death worldwide. The condition is heavily linked to diabetes, hypertension, and obesity, and often goes unnoticed until late stages. Many countries lack access to dialysis and transplants, leaving millions without adequate care.

      

      
        Secret underwater language of Hawaiian monk seals has 25 new calls
        Scientists have revealed that Hawaiian monk seals produce far more underwater vocalizations than previously believed. Their newly discovered 25-call repertoire includes complex combinations and a rare foraging-related call. These findings highlight an intricate acoustic world unfolding beneath the waves. The research opens the door to better protection strategies as human-made ocean noise continues to rise.

      

      
        A crisis deepens as African penguins compete with fishing fleets for food
        During years of scarce fish, African penguins crowd into the same areas as commercial fishing vessels, heightening competition for dwindling prey. A new metric called "overlap intensity" shows how many penguins are affected and is already shaping improved conservation policies.

      

      
        A tiny ancient virus reveals secrets that could help fight superbugs
        Scientists mapped the Bas63 bacteriophage in unprecedented detail, uncovering how its tail machinery infects bacteria. The structure reveals rare whisker-collar features and distant evolutionary ties reaching back billions of years. These insights could guide new phage therapies and innovations in medicine, agriculture, and industry.

      

      
        This tiny quantum clock packs a billion-fold energy mystery
        Scientists built a tiny clock from single-electron jumps to probe the true energy cost of quantum timekeeping. They discovered that reading the clock's output requires vastly more energy than the clock uses to function. This measurement process also drives the irreversibility that defines time's forward direction. The insight could push researchers to rethink how quantum devices handle information.

      

      
        "Great Unified Microscope" reveals micro and nano worlds in a single view
        A new dual-light microscope lets researchers observe micro- and nanoscale activity inside living cells without using dyes. The system captures both detailed structures and tiny moving particles at once, providing a more complete view of cellular behavior. Its creators tested it by analyzing changes during cell death and were able to estimate particle size and refractive index. They hope to push the technique toward imaging particles as small as viruses.

      

      
        Astronomers unveil the surprising hidden geometry of a supernova
        Astronomers have, for the first time, recorded the moment a star's explosion broke through its surface. The nearby supernova, SN 2024ggi, revealed a surprisingly olive-shaped blast when studied with ESO's Very Large Telescope. The discovery helps scientists better understand the forces that drive massive stars to explode and underscores how quick international cooperation can lead to groundbreaking results.

      

      
        Astronomers discover thousands of hidden siblings of the "Seven Sisters"
        The "Seven Sisters" have far more relatives than anyone imagined. Using NASA and ESA space telescopes, astronomers found thousands of hidden stars linked to the Pleiades, forming a colossal stellar complex. The discovery expands the cluster's size by a factor of 20 and offers a new way to trace the shared origins of stars--including our own Sun.

      

      
        Animals are developing the same chronic diseases as humans
        Across the planet, animals are increasingly suffering from chronic illnesses once seen only in humans. Cats, dogs, cows, and even marine life are facing rising rates of cancer, diabetes, arthritis, and obesity -- diseases tied to the same factors affecting people: genetics, pollution, poor nutrition, and stress. A new study led by scientists at the Agricultural University of Athens proposes a unified model linking these conditions across species.

      

      
        Melanoma rates are spiking fast in these 15 Pennsylvania counties
        Penn State scientists identified a striking rise in melanoma across several Pennsylvania counties dominated by cropland and herbicide use. The elevated risk persisted even after factoring in sunlight, suggesting an environmental influence beyond the usual expectations. Researchers warn that drifting chemicals may expose nearby residents, not just farm workers.

      

      
        Daily music listening linked to big drop in dementia risk
        Older adults who regularly listen to or play music appear to have significantly lower risks of dementia and cognitive decline. The data suggests that musical engagement could be a powerful, enjoyable tool for supporting cognitive resilience in aging.

      

      
        Scientists uncover a surprising protein that heals stubborn wounds
        Researchers have uncovered that SerpinB3, typically linked to severe cancers, is also a key player in natural wound healing. The protein drives skin cell movement and tissue rebuilding, especially when paired with next-generation biomaterial dressings. Its newfound role explains why cancer cells exploit it and opens the door to new wound-healing therapies.

      

      
        The hidden brain bias that makes some lies so convincing
        People are more likely to believe lies when there's the possibility of a reward. Neuroimaging shows that the brain shifts into reward or risk mode depending on whether the context involves a gain or a loss. Friends show synchronized brain activity that can predict successful deception. Social bonds and incentives can subtly warp how we judge honesty.

      

      
        Physicists reveal a new quantum state where electrons run wild
        Electrons can freeze into strange geometric crystals and then melt back into liquid-like motion under the right quantum conditions. Researchers identified how to tune these transitions and even discovered a bizarre "pinball" state where some electrons stay locked in place while others dart around freely. Their simulations help explain how these phases form and how they might be harnessed for advanced quantum technologies.

      

      
        Ultra-processed foods quietly push young adults toward prediabetes
        Ultra-processed foods, already known for their links to health problems in adults, are now shown to harm young adults too, disrupting blood sugar regulation long before illness appears. A four-year USC study following 85 participants found that even modest increases in UPF consumption drove up the risk of prediabetes and insulin resistance, two early markers that pave the way for type 2 diabetes.

      

      
        New research uncovers the massive squid diet of Hawaiian pilot whales
        Hawaiian short-finned pilot whales are surprisingly voracious hunters, diving hundreds of meters beneath the Pacific to snatch squid in the dark. By tagging and tracking eight whales, researchers uncovered just how much energy these deep-sea forays require--and how many squid the whales must eat to stay fueled. Their calculations reveal that each whale downs dozens to hundreds of squid per day, adding up to a staggering 88,000 tonnes of squid consumed annually by the whole population.

      

      
        AI creates the first 100-billion-star Milky Way simulation
        Researchers combined deep learning with high-resolution physics to create the first Milky Way model that tracks over 100 billion stars individually. Their AI learned how gas behaves after supernovae, removing one of the biggest computational bottlenecks in galactic modeling. The result is a simulation hundreds of times faster than current methods.

      

      
        Microquasars emerge as the Milky Way's most extreme particle engines
        LHAASO has uncovered that micro-quasars, black holes feeding on companion stars, are powerful PeV particle accelerators. Their jets produce ultra-high-energy gamma rays and protons that exceed long-held expectations. Precise cosmic-ray measurements reveal a new high-energy component, suggesting multiple sources within the Milky Way. These findings finally tie the "knee" structure to black hole jet systems.

      

      
        Extreme-pressure experiment reveals a strange new ice phase
        Researchers at KRISS observed water's rapid freeze-melt cycles under ultrahigh pressure and discovered Ice XXI, the first new ice phase found in decades. Using advanced high-pressure tech and microsecond XFEL imaging, they uncovered complex crystallization pathways never seen before. Ice XXI's structure resembles the high-pressure ice found inside Jupiter and Saturn's moons, hinting at planetary science implications.

      

      
        Smoking cannabis with tobacco may disrupt the brain's "bliss molecule"
        Scientists found that people who use both cannabis and tobacco show a distinct brain pattern tied to mood and stress regulation. Their scans revealed higher levels of an enzyme that reduces a natural feel-good molecule in the brain. This imbalance may help explain why co-users experience more anxiety and struggle more when quitting.

      

      
        Scientists find a surprising link between lead and human evolution
        Researchers found that ancient hominids--including early humans--were exposed to lead throughout childhood, leaving chemical traces in fossil teeth. Experiments suggest this exposure may have driven genetic changes that strengthened language-related brain functions in modern humans.

      

      
        Chimps shock scientists by changing their minds with new evidence
        Chimps may revise their beliefs in surprisingly human-like ways. Experiments showed they switched choices when presented with stronger clues, demonstrating flexible reasoning. Computational modeling confirmed these decisions weren't just instinct. The findings could influence how we think about learning in both children and AI.

      

      
        Dark matter acts surprisingly normal in a new cosmic test
        Dark matter may be invisible, but scientists are getting closer to understanding whether it follows the same rules as everything we can see. By comparing how galaxies move through cosmic gravity wells to the depth of those wells, researchers found that dark matter appears to behave much like ordinary matter, obeying familiar physical laws. Still, the possibility of a hidden fifth force lingers, one that must be very weak to have evaded detection so far.

      

      
        Scientists recover 40,000-year-old mammoth RNA still packed with clues
        Researchers have sequenced the oldest RNA ever recovered, taken from a woolly mammoth frozen for nearly 40,000 years. The RNA reveals which genes were active in its tissues, offering a rare glimpse into its biology and final moments. Surprisingly, the team also identified ancient microRNAs and rare mutations that confirm their mammoth origin. The finding shows that RNA can endure millennia--reshaping how scientists study extinct species.

      

      
        Extreme floods are slashing global rice yields faster than expected
        Scientists discovered that a week of full submergence is enough to kill most rice plants, making flooding a far greater threat than previously understood. Intensifying extreme rainfall events may amplify these losses unless vulnerable regions adopt more resilient rice varieties.

      

      
        Scientists melt early protein clumps and shut down Alzheimer's damage
        Researchers found that tau proteins don't jump straight into forming Alzheimer's-associated fibrils--first they assemble into soft, reversible clusters. When the clusters were dissolved, fibril growth was almost entirely suppressed. This reveals a promising new strategy: stop the precursors, stop the disease.

      

      
        Ancient Chinese tombs reveal a hidden 4,000-year pattern
        Researchers digitally mapped ancient Chinese tombs and discovered that their distribution mirrors shifts in political stability, population movements, and natural geography. Peaceful, prosperous eras produced more elaborate and numerous burial sites, while wartime periods saw far fewer. Tomb clusters also tended to form in fertile, humid regions that supported thriving settlements. The findings lay groundwork for better preservation and protection.

      

      
        Science finally solves a 700-year-old royal murder
        Genetic, isotopic, and forensic evidence has conclusively identified the remains of Duke Bela of Macso and uncovered remarkable details about his life, ancestry, and violent death. The study reveals a young nobleman with Scandinavian-Rurik roots who was killed in a coordinated, emotionally charged attack in 1272.

      

      
        Scientists uncover a massive hidden crater in China that rewrites Earth's recent history
        A massive, well-preserved impact crater has been uncovered in Guangdong, revealing the signature of a powerful meteorite strike during the Holocene. Measuring 900 meters across, it dwarfs other known craters from the same era. Shock-damaged quartz confirms the intense forces involved. Its survival in a high-erosion environment makes it a geological rarity.

      

      
        Astronomers spot a rare planet-stripping eruption on a nearby star
        Scientists have finally confirmed a powerful coronal mass ejection from another star, using LOFAR radio data paired with XMM-Newton's X-ray insights. The eruption blasted into space at extraordinary speeds, strong enough to strip atmospheres from close-orbiting worlds. This suggests planets around active red dwarfs may be far less hospitable than hoped.

      

      
        55-million-year-old fossils reveal bizarre crocs that dropped from trees
        Scientists uncovered Australia's oldest known crocodile eggshells, revealing the secret lives of ancient mekosuchine crocodiles that once dominated inland ecosystems. These crocs filled surprising niches, including terrestrial stalking and possibly tree-dropping ambushes.

      

      
        Breakthrough shows light can move atoms in 2D semiconductors
        Laser light can physically distort Janus TMD materials, revealing how their asymmetrical structure amplifies light-driven forces. These effects could power breakthroughs in photonic chips, sensors, and tunable light technologies.

      

      
        Scientists uncover hidden atomic process that supercharges propylene production
        Scientists have decoded the atomic-level secrets behind catalysts that turn propane into propylene. Their algorithms reveal unexpected oxide behavior that stabilizes the catalytic reaction by clustering around defective metal sites. The findings could help streamline industrial chemistry and inspire better catalysts for major processes like methanol synthesis.
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Why saving microbes may be the most important conservation effort ever | ScienceDaily
A newly released study describes how researchers collaborated to design the first comprehensive roadmap for protecting microbial life. The effort was led by Professor Jack Gilbert, President of Applied Microbiology International.


						
The work appears in the article titled 'Safeguarding Microbial Biodiversity: Microbial Conservation Specialist Group (MCSG) within the Species Survival Commission of the International Union for Conservation of Nature (IUCN)', published in Sustainable Microbiology, an AMI journal.

Launching a New Global Effort Through the IUCN

In July 2025, the IUCN formally created the MCSG within its Species Survival Commission. The group is co-chaired by Professor Gilbert and Raquel Peixoto (KAUST / ISME). Its formation followed a May workshop led by Professor Gilbert that brought together conservation specialists and microbiologists to explore how traditional conservation goals apply in a world driven by microbial processes.

"This is the first global coalition dedicated to safeguarding microbial biodiversity, which is the 'invisible 99% of life', to ensure that microbes are recognized as essential to the planet's ecological, climate, and health systems," Professor Gilbert said.

He added: "I think this reframes conservation from saving individual species to preserving the networks of invisible life that make visible life possible -- a paradigm shift toward planetary health. It also gives us a really good look into the microbial tools that can support conservation action -- so that we may use microbiology to solve the world's biggest problems."

Why Microbial Biodiversity Matters for the Planet

Microbes are central to soil fertility, carbon cycling, marine productivity, and the health of plants and animals. Despite this, they rarely appear in conservation policy. Professor Gilbert noted that overlooking microbial diversity weakens climate resilience, food security, and ecosystem restoration efforts. He explained: "The MCSG fills this gap by embedding microbiology directly into IUCN's conservation machinery, i.e. using Red List criteria, ecosystem assessments, and restoration programs, to make microbes visible in policy, not just in science."




Building a Global Network to Guide Microbial Conservation

Over the past two years, the founding members have assembled an international community of microbiologists, ecologists, legal experts, and Indigenous knowledge holders from more than 30 countries. Together, they created the first microbial conservation roadmap, outlining five core components of the IUCN Species Conservation Cycle:
    	Assessment -- develop Red List-compatible metrics for microbial communities and biobanks.
    	Planning -- create ethical and economic frameworks for microbial interventions.
    	Action -- pilot restoration projects using microbial solutions (coral probiotics, soil carbon microbiomes, pathogen-resistant wildlife).
    	Networking -- connect scientists, culture collections, and Indigenous custodians worldwide.
    	Communication & Policy -- launch public and policy campaigns, including "Invisible but Indispensable."

Early work is supported by funding from the Gordon & Betty Moore Foundation, along with in kind support from AMI and ISME. This first phase focuses on mapping microbial hotspots, building conservation indices, and linking existing microbial biobanks into a coordinated global archive.

Overcoming Scientific and Ethical Challenges

Professor Gilbert explained that creating a conservation framework for microscopic life comes with complex scientific and conceptual barriers. These challenges include:
    	Determining what qualifies as a "microbial species" within Red List criteria.
    	Integrating genomic and ecological information into systems originally developed for plants and animals.
    	Addressing the belief that microbes are too resilient or too complicated to require protection.

"Microbial conservation must contend with enormous unseen diversity and highly dynamic community structures that defy classical species concepts. Taxonomic instability, lack of long-term baselines, and the ethical handling of microbial samples (including Indigenous or human-associated microbiota) all require new definitions of 'loss', 'restoration', and 'rights of microbes'," he said.




He added, "But a major landmark came when the IUCN approved the MCSG as a formal Specialist Group -- officially extending global conservation to microbes for the first time."

Plans for the Next Phase of Conservation Work

The group's upcoming goals include:
    	Developing the first Microbial Red List framework by 2027.
    	Creating global maps of microbial hotspots across soil, marine, and host-associated systems.
    	Testing conservation strategies such as microbial bioremediation, coral probiotics, and soil carbon restoration.
    	Ensuring microbial indicators are incorporated alongside plants and animals in IUCN and UN biodiversity targets by 2030.

What Is Needed for Long-Term Progress

Sustained investment will be essential to expand global microbial monitoring networks. Future progress also depends on integrating microbes into national biodiversity and climate strategies, including "30 by 30" and One Health policies. Another key priority is building "public microbial literacy -- recognizing microbes as the foundation of ecosystem and human health." The roadmap also highlights the importance of digital-twin and AI tools to anticipate how microbial communities will respond to environmental change.

The paper was published today (November 20) in Sustainable Microbiology.
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Scientists grow a tiny human "blood factory" that actually works | ScienceDaily
Our body's "blood factory" is made of highly specialized tissue containing bone cells, nerves, blood vessels and several other cell types. Researchers have now recreated this complex network in the laboratory using only human cells, marking a first in the field. This new system could help reduce the number of animal experiments needed for many types of research.


						
The bone marrow usually operates quietly and goes largely unnoticed. It becomes a focus of attention only when its function falters, such as in blood cancers. In those moments, knowing how blood is normally produced, and what causes that process to break down, becomes essential.

Human Cell Model Offers a New Research Tool

For decades, most studies on bone marrow have relied on animal research or simplified cell systems that cannot fully mimic the human environment. Scientists from the Department of Biomedicine at the University of Basel and University Hospital Basel have now produced a realistic bone marrow model made entirely from human cells. The team, led by Professor Ivan Martin and Dr Andres Garcia Garcia, reports in Cell Stem Cell that this platform may support blood cancer studies, drug testing and possibly future personalized treatments.

Understanding Bone Marrow Niches

Bone marrow contains several specialized microenvironments known as "niches." One niche that plays a central role in creating new blood cells lies near the bone surface and is linked to blood cancer's ability to resist treatment. Called the endosteal niche, it features blood vessels, immune cells, nerves and bone cells. Until now, no human model had managed to include all of these components in a single system.

The researchers have now developed a model that replicates this complexity. Their work began with an artificial bone framework made of hydroxyapatite, a natural mineral found in teeth and bones. They then used human cells that had been reprogrammed into pluripotent stem cells through molecular biology techniques. These stem cells can develop into many different cell types based on the signals present in their environment.




Building a Functional 3D Bone Marrow System

The team introduced these stem cells into the artificial bone scaffold and guided them through controlled developmental steps to produce a diverse range of bone marrow cell types. Their analysis showed that the resulting three-dimensional structure closely matches the human endosteal niche. It is also larger than previous models, measuring eight millimeters in diameter and four millimeters in thickness. Using this model, the researchers were able to maintain human blood cell formation in the laboratory for several weeks.

Potential to Reduce Animal Experiments

"We have learned a great deal about how bone marrow works from mouse studies," says Ivan Martin. "However, our model brings us closer to the biology of the human organism. It could serve as a complement to many animal experiments in the study of blood formation in both healthy and diseased conditions." This goal aligns with the university's broader effort to reduce, refine and replace animal experiments whenever feasible.

The system could also support drug development. "However, for this specific purpose, the size of our bone marrow model might be too large," explains Andres Garcia Garcia. To test many drugs or doses at the same time, the platform would need to be made smaller.

In the future, this approach could help guide personalized treatment decisions for blood cancers. Researchers envision creating patient-specific bone marrow models that allow doctors to test therapies and identify the most effective option for each individual. Further improvements will be necessary before this becomes possible, but the study represents an important early step.
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Light has been hiding a magnetic secret for nearly 200 years | ScienceDaily
Researchers at the Hebrew University of Jerusalem have found that the magnetic component of light plays a direct part in the Faraday Effect, overturning a 180-year belief that only light's electric field was involved. Their work shows that light can exert magnetic influence on matter, not simply illuminate it. This insight could support advances in optics, spintronics, and emerging quantum technologies.


						
The team's findings, published in Nature's Scientific Reports, show that the magnetic portion of light, not only its electric one, has a meaningful and measurable influence on how light interacts with materials. This result contradicts a scientific explanation that has shaped the understanding of the Faraday Effect since the nineteenth century.

The study, led by Dr. Amir Capua and Benjamin Assouline of the university's Institute of Electrical Engineering and Applied Physics, offers the first theoretical evidence that the oscillating magnetic field of light contributes directly to the Faraday Effect. This effect describes how the polarization of light rotates as it travels through a material placed in a constant magnetic field.

How Light and Magnetism Interact

"In simple terms, it's an interaction between light and magnetism," says Dr. Capua. "The static magnetic field 'twists' the light, and the light, in turn, reveals the magnetic properties of the material. What we've found is that the magnetic part of light has a first-order effect, it's surprisingly active in this process."

For nearly two centuries, scientists attributed the Faraday Effect solely to the electric field of light interacting with electric charges in matter. The new study shows that the magnetic field of light also plays a direct role by interacting with atomic spins, a contribution long assumed to be insignificant.

Calculating the Magnetic Contribution

Using advanced calculations informed by the Landau-Lifshitz-Gilbert (LLG) equation, which describes how spins behave in magnetic materials, the researchers demonstrated that light's magnetic field can generate magnetic torque within a material in a manner similar to a static magnetic field. Capua explains, "In other words, light doesn't just illuminate matter, it magnetically influences it."




To measure the extent of that influence, the team applied their theoretical model to Terbium Gallium Garnet (TGG), a crystal commonly used to study the Faraday Effect. Their analysis revealed that the magnetic component of light is responsible for about 17% of the observed rotation in the visible spectrum and as much as 70% in the infrared.

New Pathways for Future Technologies

"Our results show that light 'talks' to matter not only through its electric field, but also through its magnetic field, a component that has been largely overlooked until now," says Benjamin Assouline.

The researchers note that this revised understanding of light's magnetic behavior could open doors for innovations in optical data storage, spintronics, and magnetic control using light. The work may also contribute to future developments in spin-based quantum computing.
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Massive hidden structures deep inside Earth may explain how life began | ScienceDaily
For many years, researchers have puzzled over two enormous and unusual features hidden deep inside Earth. Their size, shape and behavior are so extreme that traditional ideas about how the planet formed and evolved have struggled to explain them.


						
A recent study in Nature Geoscience, led by Rutgers geodynamicist Yoshinori Miyazaki with a team of collaborators, presents a new interpretation that may finally clarify the origins of these structures and how they relate to Earth's long-term habitability.

These features, called large low-shear-velocity provinces and ultra-low-velocity zones, rest at the boundary between the mantle and the core nearly 1,800 miles below the surface. Large low-shear-velocity provinces are enormous masses of extremely hot, dense rock, with one positioned beneath Africa and the other under the Pacific Ocean. Ultra-low-velocity zones resemble thin, partly molten layers that cling to the core in puddle-like patches. Both strongly slow seismic waves, suggesting they contain materials or conditions unlike the surrounding mantle.

"These are not random oddities," said Miyazaki, an assistant professor in the Department of Earth and Planetary Sciences in the Rutgers School of Arts and Sciences. "They are fingerprints of Earth's earliest history. If we can understand why they exist, we can understand how our planet formed and why it became habitable."

Clues From Earth's Magma Ocean Past

According to Miyazaki, Earth was once encased in a global ocean of molten rock. As this ancient magma ocean cooled, many scientists expected the mantle to have developed distinct chemical layers, similar to how frozen juice separates into sugary concentrate and watery ice. However, seismic observations reveal no such clear layering. Instead, large low-shear-velocity provinces and ultra-low velocity zones appear to form complex, uneven piles at the bottom of the mantle.

"That contradiction was the starting point," Miyazaki said. "If we start from the magma ocean and do the calculations, we don't get what we see in Earth's mantle today. Something was missing."

Leaking Core Materials and a Long-Lost Magma Layer




The research team suggested that the missing factor is the core itself. Their model indicates that over billions of years, elements such as silicon and magnesium gradually escaped from the core into the mantle. This mixing would have disrupted the formation of strong chemical layers. It may also account for the unusual composition of the large low-shear-velocity provinces and ultra-low-velocity zones, which the scientists interpret as the cooled remains of a "basal magma ocean" altered by core-derived material.

"What we proposed was that it might be coming from material leaking out from the core," Miyazaki said. "If you add the core component, it could explain what we see right now."

How Deep-Earth Processes Shape Planetary Habitability

Miyazaki noted that the implications stretch beyond mineral chemistry. Interactions between the mantle and core may have influenced how Earth released heat, how volcanic activity developed and even how the atmosphere changed over time. This perspective may help clarify why Earth ended up with oceans and life, while Venus became extremely hot and Mars turned cold and barren.

"Earth has water, life and a relatively stable atmosphere," Miyazaki said. "Venus' atmosphere is 100 times thicker than Earth's and is mostly carbon dioxide, and Mars has a very thin atmosphere. We don't fully understand why that is. But what happens inside a planet, that is, how it cools, how its layers evolve, could be a big part of the answer."

A New Framework for Understanding Earth's Interior

By bringing together seismic observations, mineral physics and geodynamic simulations, the team reframed large low-shear-velocity provinces and ultra-low-velocity zones as essential records of how Earth formed. The study also suggests that these deep features may help fuel volcanic hotspots such as Hawaii and Iceland, creating a direct link between Earth's interior and the surface.




"This work is a great example of how combining planetary science, geodynamics and mineral physics can help us solve some of Earth's oldest mysteries," said Jie Deng of Princeton University, a co-author of the study. "The idea that the deep mantle could still carry the chemical memory of early core-mantle interactions opens up new ways to understand Earth's unique evolution."

The researchers noted that each new insight brings them closer to reconstructing the planet's earliest chapters. Bits of evidence that once seemed isolated now appear to fit together in a more coherent story.

"Even with very few clues, we're starting to build a story that makes sense," Miyazaki said. "This study gives us a little more certainty about how Earth evolved, and why it's so special."
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Quantum computers just simulated physics too complex for supercomputers | ScienceDaily
Scientists study matter under extreme conditions to uncover some of nature's most fundamental behaviors. The Standard Model of particle physics contains the equations needed to describe these phenomena, but in many real situations such as fast-changing environments or extremely dense matter, those equations become too complex for even the most advanced classical supercomputers to handle.


						
Quantum computing offers a promising alternative because, in principle, it can represent and simulate these systems far more efficiently. A major challenge, however, is finding reliable methods to set up the initial quantum state that a simulation needs. In this work, researchers achieved a first: they created scalable quantum circuits capable of preparing the starting state of a particle collision similar to those produced in particle accelerators. Their test focuses on the strong interactions described by the Standard Model.

The team began by determining the required circuits for small systems using classical computers. Once those designs were known, they applied the circuits' scalable structure to build much larger simulations directly on a quantum computer. Using IBM's quantum hardware, they successfully simulated key features of nuclear physics on more than 100 qubits.

Scalable Quantum Methods for High-Density Physics

These scalable quantum algorithms open the door to simulations that were previously out of reach. The approach can be used to model the vacuum state before a particle collision, physical systems with extremely high densities, and beams of hadrons. Researchers anticipate that future quantum simulations built on these circuits will exceed what classical computing can accomplish.

Such simulations could shed light on major open questions in physics, including the imbalance of matter and antimatter, the creation of heavy elements inside supernovae, and the behavior of matter at ultra-high densities. The same techniques may also help model other difficult systems, including exotic materials with unusual quantum properties.

Nuclear physicists used IBM's quantum computers to perform the largest digital quantum simulation ever completed. Their success stemmed in part from identifying patterns in physical systems, including symmetries and differences in length scales, which helped them design scalable circuits that prepare states with localized correlations. They demonstrated the effectiveness of this algorithm by preparing the vacuum state and hadrons within a one-dimensional version of quantum electrodynamics.




Advancing from Small Models to Large-Scale Quantum Systems

The team validated their circuit components by first testing them on small systems with classical computing tools, confirming that the resulting states could be systematically improved. They then expanded the circuits to handle more than 100 qubits and ran them on IBM's quantum devices. Using the data from these simulations, scientists extracted properties of the vacuum with percent-level accuracy.

They also used the circuits to generate pulses of hadrons, then simulated how those pulses evolved over time to track their propagation. These advances point toward a future in which quantum computers can carry out full dynamical simulations of matter under extreme conditions that lie well beyond the reach of classical machines.

This research received support from the Department of Energy (DOE) Office of Science, Office of Nuclear Physics, InQubator for Quantum Simulation (IQuS) through the Quantum Horizons: QIS Research and Innovation for Nuclear Science Initiative, and the Quantum Science Center (QSC), a DOE and University of Washington National Quantum Information Science Research Center. Additional computing resources were provided by the Oak Ridge Leadership Computing Facility, a DOE Office of Science User Facility, and by the Hyak supercomputer system at the University of Washington. The team also acknowledges the use of IBM Quantum services for this project.
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A 2,000-year mystery in chameleon eyes is finally solved | ScienceDaily
Chameleons have intrigued observers for thousands of years, largely because their eyes seem to roam independently in nearly every direction. After centuries of curiosity, modern imaging techniques have now uncovered the anatomical feature responsible for this extraordinary ability. Hidden behind each protruding eye are two long, spiraled optic nerves -- a configuration not documented in any other lizard species.


						
"Chameleon eyes are like security cameras, moving in all directions," explained Juan Daza, associate professor at Sam Houston State University and author of a new study describing the trait. "They move their eyes independently while scanning their environment to find prey. And the moment they find their prey, their eyes coordinate and go in one direction so they can calculate where to shoot their tongues."

A Surprising Discovery in the Lab

Although chameleons' shifting gaze is easy to see, the internal structures enabling it have remained unclear. That changed in 2017 when Edward Stanley, director of the Florida Museum of Natural History's digital imaging laboratory, noticed an unexpected pattern while visiting Daza's lab. A CT scan of the minute leaf chameleon (Brookesia minima) revealed tightly coiled optic nerves, a shape unlike anything he had encountered.

Despite the excitement, both researchers hesitated at first. Given the long scientific history surrounding chameleons, they assumed someone must have reported this structure before.

"I was surprised by the structure itself, but I was more surprised that nobody else had noticed it," Daza said. "Chameleons are well studied, and people have been doing anatomical studies of them for a long time."

Chameleons' Distinctive Biology

Chameleons inhabit parts of Africa, Europe and Asia, and their remarkable adaptations go far beyond color change. They move through trees using a prehensile tail for balance and mitten-like feet for a careful, measured stride. Their slow pace is compensated by a high-speed weapon: a tongue that can accelerate from zero to 60 miles per hour in about one hundredth of a second. This sticky, elongated tongue can strike prey located at more than double the chameleon's own body length.




With such striking qualities, it is unsurprising that chameleons have appeared in human culture for millennia. Their recognizable silhouettes, complete with coiled tails, even appear in ancient Egyptian rock carvings. Convinced that someone must have described the optic nerve coils in earlier literature, the research team combed through vast archives. They enlisted language experts to interpret old anatomical works written in French, Italian and Latin, sometimes in a perplexing blend of several languages.

Historical Attempts to Explain Chameleon Vision

More than two thousand years ago, Aristotle incorrectly suggested that chameleons lacked optic nerves entirely. He believed their eyes were connected directly to the brain, which, in his view, explained their independent movement. In the mid-1600s, Roman physician Domenico Panaroli refuted this idea, asserting that chameleons do possess optic nerves, but that they do not cross as they do in many other animals. In most vertebrates, this crossing transfers information from the right eye to the left side of the brain and vice versa. Panaroli reasoned that the absence of this crossing granted chameleons greater freedom of eye movement.

Isaac Newton later supported Panaroli's conclusions. He referenced chameleons in his 1704 book Optiks, a collection of three decades of his ideas on color and light. However, French anatomist Claude Perrault had already drawn a much more accurate representation in 1669, showing two optic nerves that crossed and then continued straight. His illustration received little attention from Newton's contemporaries, even though it was one of the clearest early depictions.

Why the Optic Nerve Coils Went Unnoticed

Over time, published diagrams came close to showing the true shape of the optic nerves but never captured it fully. Johann Fischer's 1852 treatise on lizard neuroanatomy included part of the coil but omitted the remainder, and Fischer never described the curled structure. In 2015, Lev-Ari Thidar, a master's student at the University of Haifa, noted a C-shaped section of the nerve. Only after a detailed literature search did the modern research team confirm that no complete description of the coil existed.




How such a distinctive feature remained hidden for so long became clear as scientists examined historical research methods. Earlier studies relied heavily on physical dissections. These procedures frequently damaged or shifted the fragile optic nerves, making accurate observations nearly impossible.

"Throughout history people have looked at chameleon eyes because they're interesting," Stanley said. "But if you physically dissect the animal, you lose information that can tell the full story."

CT Imaging and Open Access Data Transform Research

Today, CT scanning is widespread in medical and scientific settings. High-resolution X-ray CT makes it possible to view structures concealed inside preserved specimens, including the interior of a chameleon's skull.

Spotting a coiled optic nerve in one chameleon provided an important clue, but researchers needed broader evidence. Fortunately, they had access to extensive digital resources through oVert (short for openVertebrate). This project, led by the Florida Museum of Natural History and involving 18 U.S. institutions, offers public access to 3D digital models of vertebrate anatomy.

"These digital methods are revolutionizing the field," Daza said. "Before, you couldn't discover details like this. But with these methods, you can see things without affecting the anatomy or damaging the specimen."

Comparing Chameleons With Other Reptiles

Using oVert datasets, the team examined CT scans from more than thirty lizards and snakes, including three chameleon species representing major lineages. They built 3D brain models for 18 of these reptiles and measured the optic nerves in each. All three chameleon species displayed optic nerves that were significantly longer and more tightly coiled than those of the other lizards. This confirmed that the initial finding in Daza's lab was representative of the group.

The researchers then investigated how the coils develop in young chameleons. Examining embryos of the veiled chameleon (Chamaeleo calyptratus) at three stages, they noted that the optic nerves start straight and lengthen over time, eventually forming loops before the animal hatches. Hatchlings already possess fully mobile eyes.

Evolutionary Context for the Eye Coils

Determining when this feature evolved is more difficult. The oldest known chameleon fossils date to the early Miocene, about 16 to 23 million years ago, long after many of their arboreal adaptations had appeared. These fossils do not reveal much about the sequence in which traits emerged. However, the newly documented nerve coils provide a clue about why this adaptation may have arisen.

Many vertebrates with large eyes expand their field of view in one of two ways: by turning their head or by moving their eyes extensively. Owls and lemurs rotate their necks to look around. Humans and some other mammals rely on stretchy optic nerves that allow substantial eye movement. Rodents achieve a similar effect with wavy nerve fibers that add flexibility.

Chameleons, however, do not have flexible necks. The researchers suggest that the coiled optic nerve developed as a workaround, giving the eyes extra slack and reducing strain as they pivot. A comparable adaptation has been observed only in a few invertebrates, such as the stalk-eyed fly.

"You can compare optic nerves with old phones," Daza said. "The first phones just had a simple, straight cord attached to the headset, but then someone had the idea to coil the cord and give it more slack so people could walk farther while holding it. That's what these animals are doing: They're maximizing the range of motion of the eye by creating this coiled structure."

Continuing the Search for Visual Adaptations

Even with thousands of years of interest in chameleons, new surprises continue to emerge. Researchers now wonder whether other tree-dwelling lizards evolved similar solutions. Stanley and Daza plan to explore this question in future work.

"These giants we've cited -- Newton, Aristotle and others -- have inspired natural historians for centuries," Stanley said. "It's exciting to be the ones taking the next step along the long road to understanding what on earth is going on in chameleons."

The authors published their study in the journal Scientific Reports.
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Scientists finally discover what's fueling massive sargassum blooms | ScienceDaily

The algae originate in the Sargasso Sea east of Florida. Since 2011, scientists have tracked the recurring appearance of the Great Atlantic Sargassum Belt, a massive band of gulfweed that moves from the equator toward the Caribbean during periods of strong easterly winds. Until recently, the source of the phosphorus (P) and nitrogen (N) that fueled its rapid growth remained uncertain. Some had proposed that agricultural runoff or nutrients released by rainforest deforestation were responsible. These explanations, however, do not match the steady increase in Sargassum biomass seen in recent years.

Identifying the Forces Behind the Blooms

A team of international researchers led by the Max Planck Institute for Chemistry has now determined the primary process driving these large-scale blooms. They have also identified the climate patterns that set the stage for this growth, allowing them to begin developing a system that could predict future Sargassum arrivals.

In a recent publication in Nature Geoscience, the researchers describe how strong wind-driven upwelling near the equator brings phosphorus-rich deep water to the surface and transports it northward into the Caribbean. The increased supply of phosphorus benefits cyanobacteria that live on the surface of the brown algae. These microorganisms capture atmospheric nitrogen gas (N2) and convert it into a form that Sargassum can use, a process known as nitrogen fixation. Cyanobacteria commonly colonize Sargassum, forming a partnership that provides the algae with an extra nitrogen source. According to the study, this symbiosis offers Sargassum a competitive advantage over other algae in the Equatorial Atlantic and helps explain the changes in Sargassum abundance recorded in past years.

Coral Cores Reveal a Century of Nitrogen Fixation

The team linked algae growth, enhanced nitrogen fixation, and the upwelling of cool, nutrient-rich waters by studying coral cores collected across the Caribbean. Corals serve as long-term environmental archives because their skeletons incorporate chemical traces from the surrounding water as they grow. By examining their yearly growth layers, similar to tree rings, scientists can reconstruct changes in ocean chemistry over centuries.




In this study, the researchers measured the nitrogen isotopic composition in corals to infer how much nitrogen microorganisms have fixed over the past 120 years. During nitrogen fixation, bacteria reduce the ratio of the stable nitrogen isotopes 15N to 14N in seawater. When corals display low 15N to 14N ratios, it signals periods of increased nitrogen fixation. To confirm the meaning of these chemical signatures, seawater samples collected by the research vessel Eugen Seibold were used to calibrate the nitrogen isotopes in modern corals, demonstrating that they reliably record nitrogen fixation.

Coupled Trends Since 2011

Jonathan Jung, a PhD student at the Max Planck Institute for Chemistry and the study's lead author, explains, "In the first set of measurements we noticed two significant increases in nitrogen fixation in 2015 and 2018, two years of record Sargassum blooms. So we compared our coral reconstruction with annual Sargassum biomass data, and the two records aligned perfectly! At that time, however, it was not at all clear whether there was a causal link."

A deeper comparison showed that algae biomass and nitrogen fixation have been consistently linked since 2011, including both high and low values. This timing is notable because in 2010 strong winds transported brown algae from the Sargasso Sea into the tropical Atlantic for the first time.

Ruling Out Other Nutrient Sources

After eliminating other ideas, the team concluded that an oversupply of phosphorus is the main factor behind major Sargassum events. Earlier theories that Saharan dust carried iron that could stimulate algae growth did not match biomass records. Similarly, nutrient inputs from the Amazon or Orinoco rivers showed no correlation with the timing or intensity of Sargassum blooms.




A Mechanism That Improves Future Predictions

The researchers describe a process in which phosphorus delivered by upwelling deep water and nitrogen supplied by nitrogen-fixing bacteria together fuel the blooms seen over past decades. Geochemist Jung notes, "Our mechanism explains the variability of Sargassum growth better than any previous approaches. However, there is still uncertainty as to whether and to what extent other factors also play a role."

The arrival of phosphorus-rich water depends on cooler sea surface temperatures in the tropical North Atlantic and warmer conditions in the southern Atlantic. These temperature differences shift air pressure patterns, creating changes in wind strength and direction that move surface waters aside and allow the deeper phosphorus-rich water to rise.

According to the researchers in Mainz, monitoring wind conditions, sea surface temperatures, and associated upwelling patterns in the equatorial Atlantic can help refine predictions of future Sargassum growth. Alfredo Martinez-Garcia, group leader at the Max Planck Institute for Chemistry and senior author of the study, explains, "Ultimately, the future of Sargassum in the tropical Atlantic will depend upon how global warming affects the processes that drive the supply of excess phosphorous to the equatorial Atlantic." The team plans to expand their analysis by examining new coral records from multiple locations throughout the Caribbean. They expect that these insights will support efforts to protect coral reefs and help coastal communities manage the growing ecological and economic impacts of Sargassum blooms.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251118220054.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Everyday microplastics could be fueling heart disease | ScienceDaily
A research team at the University of California, Riverside has found that routine exposure to microplastics -- tiny pieces released from packaging, fabrics, and common consumer plastics -- may speed up the formation of atherosclerosis, the artery-narrowing condition associated with heart attacks and strokes. The effect appeared only in male mice, offering new insight into how microplastics may influence cardiovascular health in people.


						
"Our findings fit into a broader pattern seen in cardiovascular research, where males and females often respond differently," said lead researcher Changcheng Zhou, a professor of biomedical sciences in the UCR School of Medicine. "Although the precise mechanism isn't yet known, factors like sex chromosomes and hormones, particularly the protective effects of estrogen, may play a role."

Microplastics Found Throughout the Environment and the Body

Microplastics are found widely in the modern environment, including in food, drinking water, and the air. They have also been detected inside the human body. Recent clinical studies have identified microplastics in atherosclerotic plaques and associated higher concentrations with elevated cardiovascular risk, although it was not clear whether these particles directly cause arterial injury.

"It's nearly impossible to avoid microplastics completely," Zhou said. "Still, the best strategy is to reduce exposure by limiting plastic use in food and water containers, reducing single-use plastics, and avoiding highly-processed foods. There are currently no effective ways to remove microplastics from the body, so minimizing exposure and maintaining overall cardiovascular health -- through diet, exercise, and managing risk factors -- remains essential."

Study Design Using a Heart Disease Mouse Model

In their paper published in Environment International, Zhou and colleagues describe their use of LDLR-deficient mice, a common model for examining atherosclerosis. Both male and female mice were placed on a low-fat, low-cholesterol diet similar to what a lean and healthy person might eat.




The team then administered microplastics daily (10 milligrams per kilogram of body weight) for nine weeks. This amount reflects levels that could realistically be encountered through contaminated food and water.

Microplastics Intensify Plaque Formation in Male Mice

The results showed a sharp increase in atherosclerosis, but only in males. Male mice exposed to microplastics developed 63% more plaque in the aortic root, the segment of the aorta connected to the heart, and 624% more plaque in the brachiocephalic artery, a major vessel branching from the aorta in the upper chest. Female mice exposed to the same conditions did not show significant plaque progression.

The researchers confirmed that microplastics did not cause weight gain or increased cholesterol in either sex. The mice stayed lean, and their lipid profiles remained unchanged, indicating that traditional risk factors such as obesity or high cholesterol did not explain the heightened arterial damage.

Disruption of Artery-Lining Cells

The study also showed that microplastics interfered with the function and makeup of cells lining the arteries. Using single-cell RNA sequencing, which identifies gene activity in individual cells, the researchers observed that microplastics altered several cell types involved in atherosclerosis. Endothelial cells -- the cells that form the inner lining of blood vessels and help regulate inflammation and circulation -- were affected the most.




"We found endothelial cells were the most affected by microplastic exposure," Zhou said. "Since endothelial cells are the first to encounter circulating microplastics, their dysfunction can initiate inflammation and plaque formation."

Microplastics Enter Arterial Plaques and Alter Gene Activity

Fluorescent microplastics used in the study were found inside plaques and concentrated within the endothelial layer, consistent with reports from human samples that have revealed microplastics in arterial lesions.

Another key observation was that microplastics activated harmful gene pathways in endothelial cells from both mice and humans. This included genes associated with pro-atherogenic (plaque-promoting) activity, suggesting that microplastics trigger similar biological responses across species.

"Our study provides some of the strongest evidence so far that microplastics may directly contribute to cardiovascular disease, not just correlate with it," Zhou said. "The surprising sex-specific effect -- harming males but not females -- could help researchers uncover protective factors or mechanisms that differ between men and women."

Future Research on Sex Differences and Microplastic Types

Zhou and his team emphasize that more work is needed to determine why males appear more susceptible. The group plans to investigate whether humans show similar patterns.

"We would like to investigate how different types or sizes of microplastics affect vascular cells," Zhou said. "We will also look into the molecular mechanisms behind endothelial dysfunction and explore how microplastics affect male and female arteries differently. As microplastic pollution continues to rise worldwide, understanding its impacts on human health -- including heart disease -- is becoming more urgent than ever."

Zhou conducted the study with collaborators from UCR, Boston Children's Hospital and Harvard Medical School in Massachusetts, and the University of New Mexico Health Sciences.

The work received partial support from the National Institutes of Health.

The title of the paper is "Microplastic exposure elicits sex-specific atherosclerosis development in lean low-density lipoprotein receptor-deficient mice."
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How to keep Ozempic/Wegovy weight loss without the nausea | ScienceDaily
New studies are revealing how medications that act on the glucagon-like peptide-1 (GLP-1) system influence brain networks tied to nausea, thirst, and reward-driven behaviors. GLP-1 drugs include commonly used treatments such as semaglutide (Ozempic, Wegovy), liraglutide (Victoza, Saxenda), and tirzepatide (Mounjaro, Zepbound). These findings will be featured at Neuroscience 2025, the Society for Neuroscience's annual meeting and the largest global event for new research in brain science and health.


						
Medications that work through the GLP-1 system are widely prescribed for type 2 diabetes and obesity. They imitate a natural hormone released in the digestive tract after eating and signal the brain to reduce hunger. Although these drugs are effective, up to 40% of people taking them experience side effects such as nausea and vomiting, which often lead to stopping treatment. Scientists are now examining whether the helpful actions of GLP-1 medications can be separated from the uncomfortable ones, and whether these drugs might have additional therapeutic applications.

Key New Findings Across Brain and Behavior

Today's new findings show that:

Combining low doses of the drug tirzepatide, a "dual agonist" that works, in part, by activating GLP-1 receptors, with the hormone oxytocin results in weight loss without gastrointestinal side effects in obese rats. (James E. Blevins, University of Washington)

Nerve cells in the area postrema -- the brain's vomit center -- are important for both weight loss and nausea in response to GLP-1 drugs in mice. (Warren Yacawych, University of Michigan)

In mice, activation of GLP-1 receptors on cells in the central amygdala activates a newly identified brain circuit that suppresses signals driving pleasure-based eating. (Ali D. Guler, University of Virginia)

GLP-1 receptor agonists suppress thirst as well as appetite, and a region in the forebrain of rats called the median preoptic area appears to be involved in this effect. (Derek Daniels, University at Buffalo)




"Research demonstrates an effect of these medications on the brain beyond treating diabetes and obesity, via mechanisms that are still not fully understood," says Lorenzo Leggio, MD, PhD, a physician-scientist and clinical director of the National Institute on Drug Abuse (NIDA), part of the National Institutes of Health. "GLP-1 therapies appear to have multiple synergistic effects that may be useful for treating chronic diseases with overlapping neural mechanisms, including binge eating disorders and addictive disorders."

This research was funded by national agencies including the National Institutes of Health (NIH), the Department of Veterans Affairs (VA), and private organizations. The authors are solely responsible for the content, which does not necessarily represent the views of NIH or VA. Media credentials are required for full in-person and online access to Neuroscience 2025.

Highlights From the GLP-1 Press Conference
    	GLP-1 medications effectively treat type 2 diabetes and obesity by curbing hunger, but these drugs often cause gastrointestinal side effects like nausea and vomiting, as well as decreases in other motivated behaviors like thirst.
    	Working with rodent models, research demonstrates that GLP-1 drugs affect reward processing in the brain, and ongoing efforts are working to reduce the gastrointestinal side effects of these drugs.

Oxytocin May Enhance Tirzepatide's Weight-Loss Benefits

James E. Blevins, Abstract PSTR033.02
    	Tirzepatide (TZP; Mounjaro(r)) is a dual GLP-1 receptor (GLP-1R)/glucose-dependent insulinotropic polypeptide receptor (GIPR) agonist approved for obesity and type 2 diabetes, but it can also lead to nausea, vomiting, and loss of muscle mass. Oxytocin, a hormone known for its role in social behavior, can reduce bodyweight without causing nausea or vomiting.
    	In this study, obese rats were treated with low doses of TZP combined with oxytocin. Researchers monitored changes in bodyweight and kaolin intake -- a soft clay animals consume when nauseated -- over 28 days.
    	Oxytocin and low-dose TZP each produced a 6-7% reduction in bodyweight when used alone, but the combination nearly doubled the effect to 11%. Food intake and body fat mass decreased without an increase in kaolin consumption, indicating the absence of gastrointestinal discomfort.
    	These findings suggest that pairing oxytocin with lower doses of TZP may promote weight loss while minimizing unpleasant side effects.

Pinpointing the Brain Region Responsible for Both Nausea and Weight Loss

Warren Yacawych, Abstract PSTR083.12
    	GLP-1 receptor agonists reduce hunger and support weight loss through actions in the brain. However, they also frequently cause nausea and vomiting. To understand how these effects are controlled, researchers examined two key brain areas: the nucleus tractus solitarius (NTS) -- involved in satiety -- and the area postrema -- involved in vomiting.
    	Although NTS cells containing GLP-1 receptors naturally help regulate bodyweight, directly targeting this region with GLP-1 receptor agonists did not lead to weight loss. In contrast, targeting the area postrema -- the brain's vomit center -- produced both weight loss and nausea.
    	The results indicate that the area postrema is central to both the beneficial and unpleasant effects of GLP-1 receptor agonists. Separating appetite suppression from nausea will be a major focus for improving these medications.




A Newly Identified Brain Circuit That Dampens Reward-Driven Eating

Ali D. Guler, Abstract PSTR151.06
    	GLP-1 receptor agonists can reduce appetite and bodyweight, but the precise neural pathways behind these effects are still being mapped. Using genetically engineered mice, researchers demonstrated that GLP-1 drugs influence two major brain systems: one that regulates hunger and another that reduces cravings for highly "rewarding" foods.
    	The team studied GLP-1 receptor-expressing cells in the central amygdala. When activated, these cells lowered food intake. They send signals to the ventral tegmental area, which is important for dopamine responses to "rewarding" stimuli.
    	Activation of these central amygdala neurons lowered dopamine activity in this reward circuit, revealing a pathway that connects the amygdala, brainstem, and midbrain. This circuit appears relevant to pleasure-based eating, binge eating, addiction, and other conditions involving reward-related behaviors.

How GLP-1 Drugs Influence Thirst and Hydration Signals

Derek Daniels, Abstract PSTR083.03
    	GLP-1 receptor agonists decrease thirst in addition to reducing food intake. Brattleboro rats, a specific laboratory strain, are especially sensitive to this thirst-suppressing effect.
    	Researchers observed that brain regions involved in thirst -- including the nucleus of the solitary tract and the median preoptic area -- showed significant changes in GLP-1 receptor expression after thirsty Brattleboro rats were rehydrated.
    	These results offer insight into why GLP-1 drugs affect thirst and may guide the development of medications that maintain metabolic benefits without altering hydration behaviors.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251118220041.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Nearly 47 million Americans live near hidden fossil fuel sites | ScienceDaily
Fossil fuels pollute the air when they are extracted and when they are burned, but the steps between those two points involve far more than familiar scenes of drilling equipment and smoke-filled power plants. These visible operations represent only the beginning and end of a five-stage process that brings fossil fuels from the ground to their final use.


						
Oil and gas move through several additional stages before reaching power facilities. They are refined to remove unwanted materials, stored in specialized facilities, and transported across the country. These activities form a vast mid-supply chain network that stretches across the United States and often operates out of public view.

Millions Live Near Fossil Fuel Infrastructure

A new analysis led by Boston University researchers provides the first nationwide estimate of how many people live close to this infrastructure. Published in Environmental Research Letters, the study finds that 46.6 million people in the contiguous United States live within 1.6 km (roughly a mile) of at least one component of the fossil fuel supply chain. This accounts for 14.1% of the population.

Previous studies have shown that communities near extraction sites and end-use facilities experience higher rates of adverse birth outcomes and asthma, and there is growing interest in potential links to other conditions, including leukemia. However, the health effects of living near facilities in the middle of the supply chain remain far less understood. Some sites in these stages have been found to emit volatile organic compounds and other harmful pollutants.

"This study helps us get a general size of the potential problem, and really starts the process of doing a better job of understanding exactly what the hazards are and how many people are potentially exposed," said Jonathan Buonocore, the paper's first author, an assistant professor of environmental health at BU's School of Public Health (SPH), and core faculty at BU's Institute for Global Sustainability (IGS). "Especially for these more obscure pieces of energy infrastructure, this is the first step to tracking what emissions and stressors those are imposing on the communities."

Where Americans Live Along the Energy Supply Chain

The researchers also examined how exposure varies across different types of infrastructure. Nearly 21 million Americans live near end-use facilities such as power plants. More than 20 million live within a mile of extraction sites, including oil and gas wells. Storage locations, which include peak shaving facilities, underground gas storage sites, and petroleum product terminals, have over 6 million nearby residents. Fewer people reside near refining or transportation facilities. About 9 million people live close to multiple infrastructure types, meaning they are counted in more than one category.




"There is reason to believe that there could be air pollution coming from each of these stages, from consistent pollution, gas leaks, or blowouts, when gas or oil flows from a well uncontrollably," said Mary Willis, the study's senior author, an assistant professor of epidemiology at SPH, and core faculty at IGS. "All of these stages can reasonably impact a range of population health outcomes, yet the basic information of who is even near the infrastructure components has not been examined to date."

Environmental Inequities and Urban Concentration

The study highlights clear disparities in where fossil fuel infrastructure is located. Communities that are predominantly non-white experience higher exposure across all stages of the supply chain, reinforcing findings from previous environmental justice research.

The analysis also shows that proximity is far more common in urban areas. Almost 90% of the people living near end-use, transportation, refining, and storage sites are located in cities.

Looking at individual infrastructure types revealed trends that could guide future policy. A single piece of storage infrastructure has, on average, 2,900 residents living within a mile, while an extraction site typically has only 17. This reflects the fact that extraction sites are more numerous but located in less populated regions, whereas storage facilities are fewer in number but tend to be placed in densely populated areas.

"That means that if a local policymaker in an urban area were to take interest in reducing exposures, they may receive the most impact per piece of infrastructure if they focus on storage," Buonocore said.




A New National Database Makes This Research Possible

This study is the first to use the Energy Infrastructure Exposure Intensity and Equity Indices (EI3) Database for Public Health, introduced by Buonocore and Willis in spring 2024 at the Power & People Symposium. The research team also included Fintan Mooney, Erin Campbell, Brian Sousa, Breanna van Loenen, Patricia Fabian, and Amruta Nori-Sarma.

Before EI3, information on fossil fuel infrastructure was scattered across local, state, and federal databases, and some data sources required payment or special access. With support from an IGS Sustainability Research Grant jointly funded by IGS and SPH, the team combined available data into a single national resource. Their dataset is hosted on Harvard Dataverse. The grant also helped launch the SPH Energy and Health Lab, which Buonocore and Willis co-direct.

"The study really shows that there are big knowledge gaps across the supply chain, in terms of the hazards people are being exposed to, the consequent health impacts, and who is being exposed," Buonocore said. "With a lot of these different types of infrastructure, the hazards have not been fully characterized. Characterizing hazards and understanding who is most heavily exposed should be the first steps of understanding the possible health impacts. This research takes the first steps down that path."

Looking Ahead to Better Policies and Future Research

Although some states and municipalities regulate where fossil fuel operations can take place, many areas still allow infrastructure to be located very close to homes and schools. The team hopes their work will lead to more studies that can support informed policymaking and improve public health. Future research may include detailed monitoring of air, water, noise, and light pollution near facilities, and investigations using new datasets such as Medicaid records or information on specific groups like pregnancy planners.

"We're really the first group thinking about this as an integrated system. By quantifying all of these factors at once, we're potentially able to, down the line, directly compare: what are the health effects of living near an extraction site, compared to living near a storage site?" Willis said. "Having that in one database is the first step to doing any health studies in the future on this integrated system."
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Supercomputer creates the most realistic virtual brain ever | ScienceDaily
Using the strength of one of the fastest supercomputers on the planet, scientists have created one of the most comprehensive and biologically realistic animal brain simulations ever developed. This digital reconstruction of the entire mouse cortex gives researchers a new way to explore brain function by recreating conditions such as Alzheimer's or epilepsy inside a virtual environment. It allows them to track how damage moves through neural circuits and to investigate processes involved in cognition and consciousness. The simulation includes nearly ten million neurons, 26 billion synapses, and 86 connected brain regions, capturing both structure and activity at high resolution.


						
This major accomplishment was enabled by Supercomputer Fugaku, Japan's premier high-performance system capable of performing quadrillions of calculations per second. Scientists from the Allen Institute and Tadashi Yamazaki, Ph.D., at Japan's University of Electro-Communications, partnered with three additional Japanese organizations to lead this work. The full findings will be detailed in a paper scheduled for release at SC25, the top global supercomputing conference taking place in mid-November.

A New Way to Explore Disease and Brain Function

Researchers can use this virtual cortex to study how neurological disorders form, how brain waves contribute to attention, and how seizures move through neural networks. In the past, these kinds of questions required real brain tissue and could only be addressed through individual experiments. With this model, scientists can test many ideas in a digital space. These simulations may offer early clues about how brain disorders begin before symptoms appear and provide a safe way to evaluate potential therapies.

"This shows the door is open. We can run these kinds of brain simulations effectively with enough computing power," said Anton Arkhipov, Ph.D., an investigator at the Allen Institute who worked on the project. "It's a technical milestone giving us confidence that much larger models are not only possible, but achievable with precision and scale."

This collaborative effort brings together deep neuroscience knowledge and the processing power of a world-class machine. The Allen Institute contributed the biological foundation of the virtual brain using data from the Allen Cell Types Database and the Allen Connectivity Atlas, while Fugaku handled the massive computations needed to generate the model.

How Researchers Created the Whole Cortex Simulation

Fugaku, developed by RIKEN and Fujitsu, ranks among the fastest computers ever built and can process more than 400 quadrillion operations every second. To grasp the scale of that number, counting to it at one count per second would take over 12.7 billion years (approximately the age of the universe: 13.8 billion years). The system's name, "Fugaku," refers to Mount Fuji and reflects the machine's far-reaching capability and towering performance.




"Fugaku is used for research in a wide range of computational science fields, such as astronomy, meteorology, and drug discovery, contributing to the resolution of many societal problems," said Yamazaki. "On this occasion, we utilized Fugaku for a neural circuit simulation."

The supercomputer is assembled from many small processing units called nodes. These nodes are organized into units, shelves, and racks, forming a system of 158,976 total nodes that can handle enormous amounts of data and calculations.

From Biological Data to a Living Digital Cortex

Using the Allen Institute's Brain Modeling ToolKit, the team converted biological data into a functioning digital reconstruction of the cortex. To simulate living neuronal behavior, a tool called Neulite transformed mathematical equations into virtual neurons capable of spiking, signaling, and communicating as real neurons do.

Watching the simulation is similar to observing live brain activity. The model reproduces fine details of neuron structure, synapse activity, and electrical signaling across cell membranes. "It's a technical feat, but it's only the first step," said Yamazaki. "God is in the details, so in the biophysically detailed models, I believe."

"Our long-term goal is to build whole-brain models, eventually even human models, using all the biological details our Institute is uncovering," said Arkhipov. "We're now moving from modeling single brain areas to simulating the entire brain of the mouse." With computational systems this powerful, the possibility of a complete, biologically accurate brain model is moving from concept to reality. Scientists are entering a new era in which understanding the brain also means being able to construct one.

This cutting-edge research was made possible by an international team including Laura Green, Ph.D.; Beatriz Herrera, Ph.D.; Kael Dai, B.Sc.; Rin Kuriyama, M.Sc.; and Kaaya Akira, Ph.D.
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Secret chemical traces reveal life on Earth 3. 3 billion years ago | ScienceDaily
A recent investigation has identified new chemical signs of ancient life in rocks that formed over 3.3 billion years ago. The same research uncovered molecular evidence that oxygen-producing photosynthesis began nearly a billion years earlier than scientists once believed.


						
Researchers from the Carnegie Institution for Science led an international effort that combined state-of-the-art chemical techniques with artificial intelligence. Their goal was to uncover extremely subtle chemical "whispers" of past biology hidden inside heavily altered ancient rocks. By applying machine learning, the team trained computer models to recognize faint molecular fingerprints left by living organisms long after the original biomolecules were destroyed.

Seaweed Fossils Offer a Window Into Early Complex Life

Michigan State University's Katie Maloney, an assistant professor in the Department of Earth and Environmental Sciences, contributed to the project. Her work focuses on how early complex life evolved and shaped ancient ecosystems. Maloney provided exceptionally well-preserved seaweed fossils that are roughly one billion years old, collected from Yukon Territory, Canada. These fossils are among the earliest known seaweeds in the geological record, dating to a time when most organisms were visible only under a microscope.

The study, published in the Proceedings of the National Academy of Sciences, offers new understanding of Earth's earliest biosphere. It also carries major implications for exploring life beyond Earth. The same methods could be applied to samples from Mars or other planetary bodies to determine whether they once supported life.

"Ancient rocks are full of interesting puzzles that tell us the story of life on Earth, but a few of the pieces are always missing," Maloney said. "Pairing chemical analysis and machine learning has revealed biological clues about ancient life that were previously invisible."

Why Early Biosignatures Are So Hard to Find

Life on early Earth left behind only sparse molecular evidence. Fragile materials such as primitive cells and microbial mats were buried, squeezed, heated, and fractured as the planet's crust shifted over billions of years. These intense processes destroyed most original biosignatures that could have provided insight into life's earliest stages.




Yet the new findings show that even after original molecules vanish, the arrangement of surviving fragments can still reveal important information about ancient ecosystems.

This research demonstrates that ancient life left behind more signals than scientists once suspected -- faint chemical "whispers" preserved within the rock record.

To identify these clues, the team used high-resolution chemical techniques to break down both organic and inorganic material into molecular fragments. They then trained an artificial intelligence system to recognize the chemical "fingerprints" associated with biological origins. The researchers analyzed more than 400 samples, ranging from modern plants and animals to billion-year-old fossils and meteorites. The AI system distinguished biological from nonbiological materials with over 90 percent accuracy and detected signs of photosynthesis in rocks at least 2.5 billion years old.

Doubling the Time Span for Detecting Ancient Life

Before this work, dependable molecular evidence for life had only been identified in rocks younger than 1.7 billion years. This new approach effectively doubles the period during which scientists can study chemical biosignatures.

"Ancient life leaves more than fossils; it leaves chemical echoes," said Dr. Robert Hazen, senior staff scientist at Carnegie and a co-lead author. "Using machine learning, we can now reliably interpret these echoes for the first time."

A New Way to Explore Earth's Deep Past and Other Worlds




For Maloney, who studies how early photosynthetic organisms reshaped the planet, the results are especially meaningful.

"This innovative technique helps us to read the deep time fossil record in a new way," she said. "This could help guide the search for life on other planets."
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Blocking one enzyme may break the link between alcohol and liver disease | ScienceDaily
Scientists have identified an unexpected link between the way the body processes sugar and the development of alcohol addiction. This connection also points to a promising therapeutic target for treating alcohol-associated liver disease (ALD) and alcohol use disorder (AUD).


						
A study published in Nature Metabolism by researchers at the University of Colorado Anschutz reports that alcohol activates a metabolic pathway that causes the body to produce fructose internally. Fructose is the same sugar found in many sweetened foods and drinks. This internal production relies on an enzyme called ketohexokinase (KHK), which appears to strengthen alcohol-seeking behavior while also contributing to liver damage.

Blocking KHK Reduces Drinking and Liver Injury

Experiments in mice showed that animals lacking KHK had a noticeably lower interest in alcohol. They consumed less in voluntary drinking tests, performed differently in reward-based experiments, and showed reduced activity in brain regions associated with addictive behavior.

The study also found that liver injury caused by alcohol did not develop when KHK was disrupted through genetic methods or medication. These mice had less fat buildup, less inflammation, and less scarring in their livers. The findings suggest that limiting fructose metabolism could slow or even prevent the progression of alcohol-related liver disease.

Breaking the Cycle Between Sugar and Alcohol

"Our findings show that alcohol doesn't just damage the liver directly, it hijacks the body's sugar metabolism in a way that enhances drinking behavior and worsens liver injury," said Miguel A. Lanaspa, DVM, PhD, associate research professor at CU Anschutz and senior author. "By targeting fructose metabolism, we may be able to break this cycle and develop new treatments for both alcohol addiction and liver disease."

Because alcohol-associated liver disease and metabolic dysfunction-associated steatotic liver disease (MASLD) rely on similar fructose-driven processes, the researchers suggest that treatments aimed at blocking fructose metabolism could help people with liver disease related to either alcohol or diet.




A Shared Metabolic Pathway for Liver Damage

"This discovery highlights an unexpected intersection between sugar and alcohol metabolism," said Richard Johnson, MD, professor at CU Anschutz and study co-author. "It opens exciting possibilities for developing treatments that target a common pathway underlying both metabolic and alcohol-related liver diseases."

The results offer a promising new direction for tackling alcohol addiction and liver disease, two conditions with limited effective treatment options.
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Amazon scorpion venom shows stunning power against breast cancer | ScienceDaily
The venom of an Amazonian scorpion species may contain a compound capable of helping treat breast cancer, a disease that remains one of the top causes of death among women.


						
Researchers at the University of Sao Paulo's Ribeirao Preto School of Pharmaceutical Sciences (FCFRP-USP) in Brazil have pinpointed a molecule in the toxin of Brotheas amazonicus that appears to attack breast cancer cells in a way similar to a widely used chemotherapy medication.

These early findings were generated through a collaboration with scientists from the National Institute for Amazonian Research (INPA) and the Amazonas State University (UEA), and were presented during FAPESP Week France in the Occitanie region of southern France.

"Through bioprospecting, we were able to identify a molecule in the species of this Amazonian scorpion that is similar to that found in the venoms of other scorpions and that acts against breast cancer cells," said Eliane Candiani Arantes, a professor at FCFRP-USP and the coordinator of the project.

Turning Venom Components Into Biopharmaceutical Tools

Teams at FCFRP-USP and partner institutions have long worked to clone and express bioactive molecules, including proteins from rattlesnake and scorpion venom. These efforts take place within projects supported by FAPESP and connected to the Center for Translational Science and Development of Biopharmaceuticals (CTS), housed at the Center for the Study of Venoms and Venomous Animals (CEVAP) at Sao Paulo State University (UNESP) in Botucatu.

One result of this research is CEVAP's patented fibrin sealant, described as a "biological glue." It is produced from serinoproteinase enzymes extracted from snake venom (including Bothrops neuwiedi pauloensis and Crotalus durissus terrificus) combined with cryoprecipitate enriched with fibrinogen from buffalo, cattle, or sheep.




When applied, these components form a fibrin structure resembling the body's natural clotting and tissue repair processes. The sealant has been investigated for use in nerve repair, bone healing, and restoring movement following spinal cord injury. It is currently undergoing phase three clinical trials, which represent the final evaluation stage required before approval of a new therapy.

Advancing Fibrin Sealant Technology Through Genetic Expression

Recently, researchers cloned and expressed another rattlesnake serine protease known as cholinein-1. Its amino acid sequence differs from gyroxine, a toxin taken directly from rattlesnake venom and used in fibrin sealant production.

"Our idea now is to obtain this serine protease through heterologous expression [in a fragment or complete gene from a host organism that doesn't have it naturally] in Pichia pastoris," Arantes explained.

Using this same yeast species, first isolated in France in 1950, the researchers also plan to produce an endothelial growth factor called CdtVEGF. This molecule was originally identified in the venom of Crotalus durissus terrificus.

"This growth factor favors the formation of new vessels. If we combine it with colinein-1, we can create an improved fibrin sealant compared to the one being developed at CEVAP, with the possibility of expanding the industrial scale, since it can be obtained through heterologous expression," she said.




Through similar genetic expression approaches, the team identified two neurotoxins in scorpion venom with immunosuppressive effects. Working with collaborators at INPA and UEA, they also found a molecule named BamazScplp1 in the venom of Brotheas amazonicus that appears to have anti-tumor potential.

Laboratory tests showed that the peptide's impact on breast cancer cells was comparable to paclitaxel, a commonly prescribed chemotherapy treatment. It primarily triggers necrosis, a form of cell death previously associated with molecules from other scorpion species.

"We also intend to obtain these molecules through heterologous expression," said Arantes.

Developing New Cancer Therapies With Radioisotopes

In Campinas, in the state of Sao Paulo, researchers at a Research, Innovation and Dissemination Center (RIDC) funded by FAPESP -- the Cancer Theranostics Innovation Center (CancerThera) -- are pursuing a different therapeutic strategy. Their goal is to combine diagnosis and targeted treatment in a single approach.

This method originated in Germany and involves attaching various radioisotopes to molecules that target specific tumors. These tagged molecules can then be used in imaging and treatment.

"Depending on the type of radiation emitted by the isotope we attach to the molecule -- whether positron or gamma -- we can produce images of it using the tomography equipment available at CancerThera. When we document that an isotope captures too much of a particular molecule, we can replace it with another that emits more intense radiation locally and thus treat tumors," explained Celso Dario Ramos, a professor at the School of Medical Sciences at the State University of Campinas (FCM-UNICAMP) and one of CancerThera's lead researchers.

One group at the center focuses on identifying molecules that accumulate in different cancers, while the clinical team evaluates how known compounds might be repurposed.

"We've been studying known molecules from hematological cancers, primarily multiple myeloma, as well as other unknown molecules from head and neck cancer, liver cancer, sarcomas, lung cancer, colorectal cancer, and gastric cancer, among others. In addition, we've also been studying thyroid cancer, which has been treated with radioactive material, radioactive iodine, for many years, but some patients are resistant. That's why we're trying to identify another treatment possibility, with a different radioactive material, for these patients," Ramos told Agencia FAPESP.

A Personalized Cancer Vaccine Built From Dendritic Cells

Another experimental strategy is under development at the Biomedical Sciences Institute at the University of Sao Paulo (ICB-USP), where researchers are exploring an immunotherapy based on dendritic cells.

These cells are important components of the immune system, and their functioning is often compromised in cancer patients, explained Jose Alexandre Marzagao Barbuto, a professor at ICB-USP and the project coordinator.

"A few years ago it was discovered that it's possible to take monocytes from the blood cells of cancer patients and turn them into dendritic cells in the laboratory. But the dendritic cells produced in this way are often diverted to induce tolerance."

To address this issue, the team created dendritic cells from healthy donors and fused them with cancer cells from patients, producing a personalized vaccine designed to activate the immune system against the individual's own tumor.

Results from studies involving various cancers, including more recent tests with glioblastoma patients, suggest that this strategy can be effective when the immune response it generates is properly controlled.

"The immune system interprets this vaccine, based on dendritic cells from a healthy donor fused with the patient's tumor cells, as a transplant and reacts violently," said Barbuto. "We did the first studies on patients with melanoma and kidney cancer, and the results were very good, and others with glioblastoma. Now we're hoping to carry out a phase three clinical study."

Using AI to Improve MRI Predictions for Brain Cancer

Researchers at the Cancer University Institute of Toulouse (IUCT-Oncopole) in France are also contributing to the understanding of glioblastoma. Their work investigates whether artificial intelligence applied to magnetic resonance imaging can reliably indicate whether chemotherapy patients have a DNA modification associated with treatment outcomes and survival.

The modification, known as "MGMT promoter region methylation," influences how the MGMT protein is produced and regulated.

"MGMT methylation status is an important prognostic factor, but it requires biopsies that aren't necessarily representative of the entire tumor and can vary in recurrence," said Elizabeth Moyal, a researcher at IUCT-Oncopole and coordinator of the project.

Partnering with computer scientist Ahmed Berjaoui from IRT Saint-Exupery, the team adopted AI techniques originally designed for aerospace applications to help resolve these challenges.

"We've developed a model capable of predicting survival with high accuracy, ranging from 80% to 90%, and which surpasses other existing techniques," said Berjaoui.
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A surprising CBD advance calms pain without side effects | ScienceDaily
Many people use CBD-infused oils and lotions believing they offer an easy and relatively low-risk way to ease discomfort. However, scientists still have a limited understanding of how CBD actually interacts with the nervous system.


						
The popularity of cannabis-based products has risen sharply over the past ten years. One major reason is the 2018 federal decision to remove hemp from the Controlled Substances Act, which allowed hemp-derived CBD to be legally sold and widely distributed. As a result, CBD is now commonly available in oils, creams, and cosmetic items. It is widely accepted that CBD does not cause a 'high', but its effects within the human brain and body remain poorly understood. At this time, the Food and Drug Administration only approves CBD as an additional treatment for certain types of epilepsy, and it advises against its use during pregnancy.

"We need to understand more about this compound, what mechanisms it interacts with in the brain, its impact on the body, and whether it is a potentially safer solution for treating the chronic pain epidemic," said Kuan Hong Wang, PhD, professor of Neuroscience and member of the Del Monte Institute for Neuroscience at the University of Rochester. Working with researchers at Harvard Medical School and Boston Children's Hospital, Wang's lab recently showed in mice that they could deliver CBD directly to the brain to relieve neuropathic pain without producing harmful side effects. These results were published in Cell Chemical Biology.

A New Way to Deliver CBD to the Brain

The main obstacle for researchers was the blood-brain barrier, a protective system that shields the brain from harmful substances. While essential for brain health, this barrier significantly limits how much CBD can enter the brain, especially because CBD does not dissolve well in water. As a result, very little of the CBD taken in its usual oil form reaches the brain.

To address this challenge, staff scientist Jingyu Feng, PhD, the study's first author, helped create a specialized delivery method called inclusion-complex-enhanced nano-micelle formulation, or CBD-IN. This approach encloses CBD molecules within water-soluble nano-micelles, which are considered safe for use in foods and medicines.

Tests in mice showed that CBD-IN triggered pain relief within half an hour. Importantly, the mice did not experience the common side effects often linked to conventional pain medications, such as problems with balance, movement, or memory. "The pain relief also lasted through repeated use," said Feng. "We did not see its effect wear off over time."

How CBD-IN Affects the Nervous System




With the help of imaging tools and genetic mapping, the researchers found that CBD-IN reduces excessive nerve activity in areas of the brain and spinal cord involved in processing touch and pain. This effect only appeared in regions experiencing abnormal activation, such as after a nerve injury. Healthy neurons were unaffected.

Another unexpected result was that CBD-IN did not rely on the well-known cannabinoid receptors (CB1 and CB2) typically involved when THC or other cannabis compounds act in the body. "Instead, CBD-IN seems to influence broader electrical and calcium signaling in nerve cells, offering a new way to control nerve hyperactivity without triggering the 'high' or dependency risks associated with traditional cannabinoids or opioids," Feng said.

Potential for Treating Chronic Pain and Other Brain Disorders

"The broader implication of this research is that nanotechnology can make natural compounds like CBD more effective and precise," said Wang, co-senior author of the study. "By enhancing brain delivery and targeting only disease-related neural overactivity, this strategy could open new doors for treating chronic pain and possibly other neurological disorders, such as epilepsy or neurodegenerative diseases, where abnormal nerve activity plays a central role."

This work was carried out through a collaboration involving the University of Rochester, Harvard Medical School, and Boston Children's Hospital. Additional contributors include Jessica Page, PhD, and Leeyup Chung, PhD, both co-first authors, and Zhigang He, PhD, co-senior author, from Harvard Medical School. Funding was provided by the National Institutes of Health and the Del Monte Institute for Neuroscience.
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Supercomputers decode the strange behavior of Enceladus's plumes | ScienceDaily
In the 17th century, astronomers Christiaan Huygens and Giovanni Cassini pointed some of the earliest telescopes at Saturn and made a surprising discovery. The bright structures around the planet were not solid extensions of the world itself, but separate rings formed from many thin, nested arcs.


						
Centuries later, NASA's Cassini-Huygens (Cassini) mission carried that exploration into the space age. Starting in 2005, the spacecraft returned a flood of detailed images that reshaped scientists' view of Saturn and its moons. One of the most dramatic findings came from Enceladus, a small icy moon where towering geysers shot material into space, creating a faint sub-ring around Saturn made of the ejected debris.

New computer simulations run at the Texas Advanced Computing Center (TACC), using data collected by Cassini, now provide refined estimates of how much ice Enceladus is losing to space. The updated numbers are important for understanding the moon's internal activity and for planning future robotic missions that may explore its buried ocean, which could potentially support life.

"The mass flow rates from Enceladus are between 20 to 40 percent lower than what you find in the scientific literature," said Arnaud Mahieux, a senior researcher at the Royal Belgian Institute for Space Aeronomy and an affiliate of the UT Austin Department of Aerospace Engineering & Engineering Mechanics.

Supercomputers and DSMC Models Reveal Plume Physics

Mahieux is the corresponding author of a computational study of Enceladus published August 2025 in the Journal of Geophysical Research: Planets. In this work, he and his collaborators used Direct Simulation Monte Carlo (DSMC) models to better describe how enormous plumes of water vapor and icy grains behave after erupting from cracks and vents at the surface of Enceladus.

The project builds on earlier research led by Mahieux and published in 2019. That previous study was the first to use DSMC techniques to pin down the starting conditions for the plumes, including the size of the vents, the ratio of water vapor to solid ice grains, the temperature of the material, and the speed at which it escapes into space.




"DSMC simulations are very expensive," Mahieux said. "We used TACC supercomputers back in 2015 to obtain the parameterizations to reduce computation time from 48 hours then to just a few milliseconds now."

Using these mathematical parameterizations, the team calculated key properties of Enceladus's cryovolcanic plumes, such as how dense they are and how fast the gas and particles move. They based their calculations on Cassini measurements collected while the spacecraft flew directly through the jets.

"The main finding of our new study is that for 100 cryovolcanic sources, we could constrain the mass flow rates and other parameters that were not derived before, such as the temperature at which the material was exiting. This is a big step forward in understanding what's happening on Enceladus," Mahieux said.

A Tiny Moon With Powerful Cryovolcanic Jets

Enceladus is a relatively small moon, only about 313 miles wide, and its weak gravity is not strong enough to keep the erupting jets from escaping into space. The new DSMC models are designed to represent this low-gravity environment accurately. Earlier models did not capture the physics and gas dynamics in as much detail as the current DSMC approach.

Mahieux compares the phenomenon to a volcanic eruption. What Enceladus does is akin to a volcano hurling lava into space -- except the ejecta are plumes of water vapor and ice.




The simulations track how gas in the plumes behaves on very small scales, where individual particles move, collide, and transfer energy in a way similar to marbles bouncing into one another. The models follow several millions of molecules in time steps measured in microseconds. Because of the DSMC method, scientists can now simulate conditions at lower, more realistic pressures and allow for longer distances between collisions than previous models could handle.

The Planet Code and the Power of TACC Supercomputers

David Goldstein, a professor at UT Austin and co-author of the study, led the development in 2011 of the DSMC code known as Planet. TACC granted Goldstein computing time on its Lonestar6 and Stampede3 supercomputers through The University of Texas Research cyberinfrastructure portal, which provides resources to researchers across all 14 UT system institutions.

"TACC systems have a wonderful architecture that offer a lot of flexibility," Mahieux said. "If we're using the DSMC code on just a laptop, we could only simulate tiny domains. Thanks to TACC, we can simulate from the surface of Enceladus up to 10 kilometers of altitude, where the plumes expand into space."

Enceladus and the Family of Icy Ocean Worlds

Saturn orbits beyond what astronomers call the "snow line" in the solar system, along with other giant planets that host icy moons, including Jupiter, Uranus, and Neptune.

"There is an ocean of liquid water under these 'big balls of ice,'" Mahieux said. "These are many other worlds, besides the Earth, which have a liquid ocean. The plumes at Enceladus open a window to the underground conditions."

Because the plumes carry material from deep below the surface into space, they offer a rare natural sample of the hidden ocean, without the need to drill through miles of ice.

Future Missions and the Search for Life

NASA and the European Space Agency are planning new missions that would return to Enceladus with far more ambitious goals than simple flybys. Some proposals envision landing spacecraft on the surface and drilling through the crust to reach the ocean beneath, in order to look for chemical signs of life that might be preserved there.

In the meantime, measuring what is inside the plumes and how much material they carry gives scientists a powerful indirect way to study the subsurface environment. By analyzing the jets, researchers can infer conditions in the ocean without having to physically bore through the ice shell.

"Supercomputers can give us answers to questions we couldn't dream of asking even 10 or 15 years ago," Mahieux said. "We can now get much closer to simulating what nature is doing."
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Scientists discover metformin may block key exercise benefits | ScienceDaily
A widely used medication for diabetes prevention may unexpectedly interfere with one of the most reliable ways to lower disease risk: regular physical activity.


						
A Rutgers-led team reported in The Journal of Clinical Endocrinology & Metabolism that metformin appeared to weaken several important benefits normally gained from exercise. These include improvements in blood vessel function, overall fitness and the body's ability to control blood sugar.

Since 2006, medical guidance has encouraged people with elevated blood sugar to combine metformin with consistent exercise. The expectation was that two well-established treatments would reinforce one another. According to the Rutgers researchers, the evidence suggests a different outcome.

"Most health care providers assume one plus one equals two," said Steven Malin, a professor in the Department of Kinesiology and Health in the School of Arts and Sciences and the lead author of the study. "The problem is that most evidence shows metformin blunts exercise benefits."

How the Study Tested Metformin's Impact

To explore this issue, Malin and his colleagues enrolled 72 adults considered at risk for metabolic syndrome, which is a cluster of conditions known to raise the likelihood of both diabetes and heart disease. Participants were separated into four groups: high-intensity exercise with placebo, high-intensity exercise with metformin, low-intensity exercise with placebo and low-intensity exercise with metformin.

Over a 16-week training period, the research team measured how well participants' blood vessels responded to insulin. This response helps vessels widen and deliver oxygen, hormones and nutrients after eating.




The results showed that exercise alone strengthened vascular insulin sensitivity. Blood vessels became more responsive to insulin, allowing greater blood flow to the muscles. This is important because insulin-assisted dilation helps move glucose from the bloodstream into body tissues, lowering blood sugar after meals.

Metformin Significantly Reduced Expected Gains

When metformin was added, these improvements became noticeably smaller. The medication also appeared to limit gains in aerobic capacity and lessen positive changes in inflammation and fasting blood glucose.

"Blood vessel function improved with exercise training, regardless of intensity," Malin said. "Metformin blunted that observation, suggesting one type of exercise intensity is not better either with the drug for blood vessel health."

These findings are concerning because exercise is intended to support healthy blood sugar levels and improve physical capability. If metformin reduces these effects, patients relying on both may not receive the degree of protection they expect.

"If you exercise and take metformin and your blood glucose does not go down, that's a problem," Malin said. "People taking metformin also didn't gain fitness. That means their physical function isn't getting better and that could have long-term health risk."

Real-Life Consequences for Daily Function and Well-Being




Malin noted that exercise-driven fitness improvements influence everyday activities such as climbing stairs, playing with children or maintaining an active social life. If these gains are diminished, overall quality of life can suffer.

The researchers emphasized that the findings should not prompt anyone to stop taking metformin or abandon exercise. Instead, the study highlights the need for physicians to closely consider how these interventions interact and to monitor patient progress. Malin hopes that future studies will help identify approaches that preserve the positive effects of both.

Why Metformin May Interfere With Exercise Adaptation

The reason metformin dampens exercise benefits is still being investigated. Malin explained that metformin partly works by inhibiting specific mitochondrial processes. This action reduces oxidative stress and helps regulate blood sugar. However, the same interference may block the cellular changes typically triggered by exercise, including better mitochondrial efficiency and improved aerobic performance. In essence, the mechanism that makes metformin effective may also hinder the body's ability to fully respond to physical training.

Earlier studies have suggested a similar pattern, but this trial is one of the first to look closely at vascular insulin sensitivity, a key factor in both glucose control and cardiovascular health. By demonstrating that metformin can limit changes in both major arteries and small capillaries across different exercise intensities, the researchers highlight how complex these combined treatments can be.

Implications for Diabetes Prevention and Clinical Guidelines

Malin pointed out that nearly 35 million people in the United States live with type 2 diabetes, and prevention strategies often depend on a mix of lifestyle changes and medication. If these approaches do not work together as expected, long-term risks may increase.

"We need to figure out how to best recommend exercise with metformin," Malin said. "We also need to consider how other medications interact with exercise to develop better guidelines for doctors to help people lower chronic disease risk."

Other Rutgers researchers involved in the study include: Sue Shapses, professor in the Department of Nutritional Sciences at the School of Environmental and Biological Sciences; Andrew Gow, professor of pharmacology and toxicology at the Ernest Mario School of Pharmacy; Ankit Shah, assistant professor in the Department of Medicine at Robert Wood Johnson Medical School; Tristan Ragland, a former post-doctoral fellow in Department of Kinesiology and Health; Emily Heiston, project scientist and clinical coordinator in the Applied Metabolism and Physiology Laboratory; and Daniel Battillo, a former doctoral student in the Department of Kinesiology and Health.
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A silent kidney crisis is spreading faster than anyone expected | ScienceDaily
A growing number of people worldwide are now believed to have reduced kidney function, according to a new analysis. The number of affected individuals increased from 378 million in 1990 to 788 million in 2023. As populations have expanded and grown older, the condition has reached a point where it is now listed among the top 10 causes of death across the globe.


						
Researchers from NYU Langone Health, the University of Glasgow, and the Institute for Health Metrics and Evaluation (IHME) at the University of Washington led the investigation. Their work focused on chronic kidney disease, a condition in which the kidneys gradually lose the ability to clear waste and extra fluid from the bloodstream. Early stages often produce no noticeable symptoms, while advanced disease may require dialysis, kidney replacement therapy, or a transplant.

Global Burden and Mortality Trends

The study estimates that roughly 14% of adults worldwide live with chronic kidney disease. In addition, approximately 1.5 million people died from the condition in 2023. When changes in population age structures are taken into account, this represents more than a 6% increase in deaths since 1993.

"Our work shows that chronic kidney disease is common, deadly, and getting worse as a major public health issue," said study co-senior author Josef Coresh, MD, PhD, director of NYU Langone's Optimal Aging Institute. "These findings support efforts to recognize the condition alongside cancer, heart disease, and mental health concerns as a major priority for policymakers around the world."

Growing Health Priority for Global Agencies

In May, the World Health Organization added chronic kidney disease to its list of health priorities aimed at reducing early deaths from noncontagious diseases by one-third before 2030. Coresh, who is also the Terry and Mel Karmazin Professor of Population Health at the NYU Grossman School of Medicine, notes that identifying current patterns in the disease is essential for developing effective strategies.




The new report was published online Nov. 7 in The Lancet and, according to the authors, represents the most detailed assessment of chronic kidney disease in nearly ten years. It is also being presented at the American Society of Nephrology's annual Kidney Week conference.

How the Study Was Conducted

The research was part of the Global Burden of Disease (GBD) 2023 study, considered the most wide-ranging effort to track health-related loss in countries over long periods of time. Findings from this initiative frequently inform public health policy and guide future research.

To generate the new estimates, the team examined 2,230 scientific papers and national health datasets from 133 countries. Their work centered not only on diagnoses and deaths, but also on the level of disability associated with chronic kidney disease.

Links to Heart Disease and Leading Risk Factors

Another key conclusion was that impaired kidney function is a major contributor to heart disease. The study reports that it accounted for about 12% of global cardiovascular deaths. In 2023, chronic kidney disease ranked as the 12th leading cause of disability-related reductions in quality of life. High blood sugar, high blood pressure, and high body mass index (a measure of obesity) were identified as the most significant risk factors for developing the condition.




Most individuals in the study were in the early stages of chronic kidney disease. Coresh emphasizes that this is a crucial window for intervention, as timely treatment and lifestyle changes can prevent the need for dialysis or transplantation later on.

Access to Treatment Remains Uneven Worldwide

Coresh also points out that in parts of sub-Saharan Africa, Southeast Asia, Latin America, and other lower-income regions, many people do not receive dialysis or transplants. These therapies are less accessible and often too expensive for widespread use in those areas.

"Chronic kidney disease is underdiagnosed and undertreated," said study co-lead author Morgan Grams, MD, PhD. "Our report underscores the need for more urine testing to catch it early and the need to ensure that patients can afford and access therapy once they are diagnosed."

New Therapies but Slow Global Progress

Grams, the Susan and Morris Mark Professor of Medicine at the NYU Grossman School of Medicine, notes that several new medications introduced over the past five years can slow disease progression and reduce the likelihood of heart attack, stroke, and heart failure. Even so, she explains that it will take time before the benefits of these treatments are reflected worldwide.

She also warns that because chronic kidney disease is often not tested for, its true global prevalence may be even higher than the study suggests.

Study Support and Research Team

The project was funded by National Institutes of Health grant R01DK100446, the Gates Foundation, and the National Kidney Foundation.

Coresh serves as a scientific adviser and equity holder in Healthy.io, a health technology company that provides remote clinical testing and related services. He also works as a consultant for SomaLogic. These roles are disclosed and managed according to NYU Langone Health policies.

Along with Coresh and Grams, Patrick Mark, PhD, at the University of Glasgow, and Lauryn Stafford, MS, at IHME at the University of Washington in Seattle, were co-lead authors.

Additional co-senior authors included Jennifer Lees, PhD, at the University of Glasgow, and Theo Vos, PhD, and Liane Ong, PhD, at IHME at the University of Washington in Seattle.
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Secret underwater language of Hawaiian monk seals has 25 new calls | ScienceDaily
New research led by the UH Hawai`i Institute of Marine Biology (HIMB) Marine Mammal Research Program (MMRP) has greatly expanded scientists' understanding of how Hawaiian monk seals (Neomonachus schauinslandi) produce underwater sounds. The study, published in Royal Society Open Science, examined thousands of hours of passive acoustic recordings and uncovered 25 distinct underwater vocalizations. This represents a major jump from the six call types previously documented from seals in human care.


						
Researchers also found that the seals use these low-frequency calls throughout the day. Similar vocal patterns were detected across the Hawaiian Archipelago, and calling rates increased in areas with larger seal populations. These findings create an essential foundation for interpreting the acoustic environment of this critically endangered and uniquely Hawaiian species.

Revealing a Hidden Acoustic World

"We discovered that Hawaiian monk seals -- one of the world's most endangered marine mammals -- are far more vocal underwater than previously known," shares Kirby Parnell, lead author of the study and a PhD candidate with MMRP. "By analyzing over 4,500 hours of recordings from across the Hawaiian Archipelago, we identified more than 23,000 vocalizations representing at least 25 distinct call types."

The research team used passive acoustic recorders placed at five important monk seal habitats, spanning sites from Moloka`i to the remote Northwestern Hawaiian Islands. Their analysis revealed three major breakthroughs:
    	Expanded Vocal Repertoire: Twenty previously unknown call types were identified.
    	Novel Communication Strategy: Evidence suggests monk seals can link different calls to create "combinational calls" -- a form of communication never before documented in any pinniped species.
    	A Distinct Foraging Call: Researchers identified a new elemental call type, the Whine, used during foraging. This is only the second recorded instance of a seal species vocalizing while actively pursuing prey.

"We were surprised by the sheer diversity and complexity of monk seal vocalizations," notes Parnell. "The discovery of combinational calls, where seals link multiple call types together, suggests a previously unknown level of complexity in pinniped acoustic communication. Finding a new call type -- the Whine -- associated with foraging behavior was also unexpected and suggests that monk seals may use sound not only for mating or socializing, but possibly for foraging purposes as well."

Conservation Importance in Hawaiian Waters

The Hawaiian monk seal is the only marine mammal found exclusively in Hawai`i and holds significant cultural value. Understanding its acoustic behavior is crucial for conservation efforts, especially as ocean noise continues to increase.




"This research provides the first comprehensive description of free-ranging Hawaiian monk seal underwater sound production, an important step toward understanding how they use sound for critical life-history events," explains Lars Bejder, Director of MMRP, Professor at HIMB, and co-author of the study. "Because their vocalizations overlap with the same low-frequency range as many human-generated sounds (e.g. vessel noise), this work also helps us evaluate how ocean noise may affect communication, reproduction, and behavior in this endangered species."

These results support the future use of passive acoustic monitoring to track monk seal populations across their broad habitat range and protect the sound environments they rely on. Continued research will connect specific vocalizations to particular behaviors, including foraging, movement, social interactions, and reproduction. Another key goal is the development of automated detection systems that can monitor seal sounds more efficiently and with minimal disturbance, offering a long-term tool for conservation and ecological research.

The Team Behind the Discovery

The project brought together graduate students, undergraduate students, and recent alumni from the University of Hawai`i at Manoa, along with collaborators from France and the Pacific Islands Fisheries Science Center's Hawaiian Monk Seal Research Program.

"Manually annotating over 23,000 calls by hand is no small feat, and I have a team of interns to thank for helping with the analysis!" shares Parnell. "This research would also not have been possible without the support of the Hawaiian Monk Seal Research Program, who deployed and retrieved the acoustic recorders in the Papahanaumokuakea National Marine Sanctuary."

The study was supported by NOAA Fisheries through the Cooperative Ecosystem Studies Unit (CESU) award NA19NMF4720181.
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A crisis deepens as African penguins compete with fishing fleets for food | ScienceDaily
A new study led by the University of St Andrews reports that Critically Endangered African penguins (Spheniscus demersus) are far more likely to forage in the same waters as commercial fishing vessels during years when fish are scarce. This increased overlap heightens competition for food and intensifies pressure on a species already facing severe decline.


						
Published on November 17 in the Journal of Applied Ecology, the research presents a new metric called "overlap intensity" that evaluates not only where penguins and fishing vessels share space, but how many penguins are influenced by this interaction.

Population Declines and Fishing Pressure

African penguin numbers have dropped by nearly 80% over the past thirty years. One major factor in this decline is competition with local fisheries that catch sardines and anchovies, which are essential prey for the birds.

These fisheries rely on purse-seine nets, a method that captures schooling fish by encircling them with a large wall of netting.

Lead author Dr. Jacqueline Glencross of the Scottish Oceans Institute at the University of St Andrews explained the motivation behind the work. "We wanted a better way to assess how many penguins are potentially impacted when fisheries operate nearby -- not just where the overlap occurs," she said.

Tracking Data Shows Sharp Increases in Overlap

The research team used tracking information from penguins on Robben and Dassen Island. Collaborators included scientists from the University of Exeter, the South African Department of Forestry, Fisheries and the Environment, and BirdLife South Africa. Their analysis showed a dramatic rise in overlap during years when fish were less abundant. In 2016, a year marked by low fish biomass, about 20% of penguins were feeding in the same regions as active fishing vessels. In years with stronger fish stocks, this figure dropped to around 4%.




These results indicate that competition between penguins and fisheries becomes more intense when prey is limited. Such conditions are especially risky during chick-rearing, when adults must find food quickly and efficiently to support their young.

New Tool for Conservation and Fishery Management

By measuring overlap intensity across the population, the researchers have created a tool that can help assess ecological risks and guide ecosystem-based fishery management. The findings also support the development of dynamic marine protected areas that can adapt to real-time shifts in predator and prey behavior.

Legal Battles and Updated Fishing Closures

The African penguin recently became the focus of a significant South African court case that questioned the lack of meaningful fishing restrictions near breeding sites.

Earlier this year, conservation organizations and representatives from the fishing industry reached a high court agreement acknowledging the need for fishery closures around penguin colonies. Following this decision, the South African government reinstated more biologically meaningful no-fishing zones near Robben Island, one of the primary colonies examined in the study.

Dr. Glencross added that the research helps clarify the importance of these measures. "This research highlights why those closures are necessary. Previously unprotected areas with high overlap intensity are where the penguins were most at risk."
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A tiny ancient virus reveals secrets that could help fight superbugs | ScienceDaily
A research effort led by Otakou Whakaihu Waka has generated an in-depth structural map of a bacteriophage, offering new insight into how these viruses could be used to counter drug-resistant bacteria.


						
Lead author Dr. James Hodgkinson-Bean, who completed his PhD in the Department of Microbiology and Immunology, says bacteriophages are "extremely exciting" to scientists searching for alternatives to antibiotics as antimicrobial resistance continues to rise.

"Bacteriophage viruses are non-harmful to all multi-cellular life and able to very selectively target and kill a target bacterium. Due to this, they are increasingly being researched and applied in 'phage therapy' to treat highly drug-resistant bacteria," he says.

He explains that bacteriophages are "exquisitely intricate viruses" that infect bacteria using large mechanical structures known as 'tails'.

3D Analysis Reveals How a Phage Attacks E. coli

The study, published in Science Advances, involved researchers from Otago and the Okinawa Institute of Science and Technology. They examined the structure of Bas63, a virus that infects E. coli, at a molecular scale to better understand how its tail functions during infection.

"This kind of research is important for understanding how we can select the optimal bacteriophages for therapies, and to understand the differences in infectious behavior we see in the lab," Dr. Hodgkinson-Bean says.




Senior author Associate Professor Mihnea Bostina, also from Otago's Department of Microbiology and Immunology, notes that rising antibiotic resistance and growing threats to global food security from plant pathogens make bacteriophages an increasingly valuable alternative.

"Our detailed blueprint of a bacteriophage advances rational design for medical, agricultural, and industrial applications, from treating infections to combating biofilms in food processing and water systems.

"Beyond science, the 3D data -- which shows the virus' rare whisker-collar connections, hexamer decoration proteins, and diverse tail fibers -- may inspire artists, animators, and educators."

Structural Clues Strengthen Understanding of Viral Evolution

According to Dr. Hodgkinson-Bean, insights into viral structure also help clarify how these viruses have evolved.

"While DNA generally serves as the best evolutionary marker in humans, the 3-dimensional structure of a virus is more informative of its distant evolutionary relationships with other viruses," he says.




The team identified features that had previously only been seen in viruses that are very distantly related, revealing evolutionary connections that had not been documented before.

"We know through structural studies that bacteriophages are related to Herpes viruses -- this relationship is thought to extend back billions of years to before the emergence of multi-cellular life. For this reason, when we look at bacteriophage structure, we are looking at living fossils, primordial ancient beings.

"There is something truly beautiful about that."

Building on Earlier Discoveries

This newly described structure is the second of its kind documented by the same research group. It follows an earlier investigation into pathogens responsible for potato diseases, which was recently published in Nature Communications.
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This tiny quantum clock packs a billion-fold energy mystery | ScienceDaily
A team led by the University of Oxford has uncovered an unexpected contributor to entropy in quantum timekeeping: the act of measurement itself. In findings published on November 14 in Physical Review Letters, the researchers show that the energy required to read a quantum clock is far greater than the energy needed to run it. Their results point to new challenges and opportunities for developing next-generation quantum technologies.


						
Traditional clocks, from pendulums to atomic oscillators, depend on irreversible processes to track time. At the quantum level, these processes become extremely weak or may barely occur at all, which makes reliable timekeeping far more complicated. Devices such as quantum sensors and navigation systems, which rely on precise timing, will need internal clocks that use energy sparingly. Until now, the thermodynamic behavior of these systems has remained largely unknown.

Investigating the Real Energy Cost of Time

The researchers set out to determine the true thermodynamic burden of keeping time in the quantum realm and to separate how much of that cost is caused by the act of measurement.

To explore this, they built a tiny clock that uses single electrons hopping between two nanoscale regions (known as a double quantum dot). Each hop serves as a clock-like tick. The team then monitored these ticks using two different techniques; one measured extremely small electric currents, while the other used radio waves to detect subtle changes in the system. In both approaches, the detectors convert quantum events (electron jumps) into classical information that can be recorded: a quantum-to-classical transition.

A Billion-Fold Measurement Energy Surprise

The team calculated the entropy (amount of energy dissipated) generated both by the clock itself (i.e., the double quantum dot) and by the measurement devices. They found that the energy required to read the quantum clock (i.e., to convert its tiny signals into something measurable) can be up to a billion times larger than the energy used by the clockwork. This result challenges the long-held belief that measurement costs in quantum physics are negligible. It also reveals something striking: observation introduces irreversibility, which is what gives time its forward direction.




This finding overturns the usual expectation that improving quantum clocks requires better quantum components. Instead, the researchers argue that future progress depends on designing measurement methods that gather information more efficiently.

Rethinking Efficiency in Quantum Clock Design

Lead author Professor Natalia Ares (Department of Engineering Science, University of Oxford) said: "Quantum clocks running at the smallest scales were expected to lower the energy cost of timekeeping, but our new experiment reveals a surprising twist. Instead, in quantum clocks the quantum ticks far exceed that of the clockwork itself."

According to the researchers, this imbalance might actually offer an advantage. The additional energy used during measurement can provide richer information about the clock's behavior, not only counting ticks but capturing every minor fluctuation. This could make it possible to build highly precise clocks that operate more efficiently.

Co-author Vivek Wadhia (PhD student, Department of Engineering Science) said: "Our results suggest that the entropy produced by the amplification and measurement of a clock's ticks, which has often been ignored in the literature, is the most important and fundamental thermodynamic cost of timekeeping at the quantum scale. The next step is to understand the principles governing efficiency in nanoscale devices so that we can design autonomous devices that compute and keep time far more efficiently, as nature does."

Co-author Florian Meier (PhD student, Technische Universitat Wien) said: "Beyond quantum clocks, the research touches on deep questions in physics, including why time flows in one direction. By showing that it is the act of measuring -- not just the ticking itself -- that gives time its forward direction, these new findings draw a powerful connection between the physics of energy and the science of information."

The study also involved researchers from TU Wien and Trinity College Dublin.
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"Great Unified Microscope" reveals micro and nano worlds in a single view | ScienceDaily
Researchers Kohki Horie, Keiichiro Toda, Takuma Nakamura, and Takuro Ideguchi at the University of Tokyo have created a microscope capable of detecting signals across an intensity range fourteen times broader than that of standard instruments. The system also works label-free, meaning it does not rely on added dyes. This gentle approach allows cells to remain unharmed during long-term imaging, which could benefit testing and quality control in pharmaceutical and biotechnology settings. The study appears in Nature Communications.


						
Microscopes have driven scientific progress since the 16th century, but major improvements have often required increasingly specialized tools. As techniques became more advanced, they also faced tradeoffs in what they could measure. Quantitative phase microscopy (QPM) uses forward-scattered light to visualize structures at the microscale (in this study, over 100 nanometers), which makes it useful for capturing still images of complex cell features. However, QPM cannot detect very small particles. Interferometric scattering (iSCAT) microscopy works differently by capturing back-scattered light and can detect structures as tiny as single proteins. While iSCAT enables researchers to "track" individual particles and observe rapid changes inside cells, it lacks the wider view offered by QPM.

Capturing Two Directions of Light at Once

"I would like to understand dynamic processes inside living cells using non-invasive methods," says Horie, one of the first authors.

Motivated by this goal, the team examined whether collecting light from both directions at the same time could bridge the gap and reveal activity across a broad range of sizes and motions in a single image. To explore the idea and confirm that their microscope performed as expected, they observed how cells behaved during cell death. In one experiment, they captured an image that contained information from both forward- and backward-traveling light.

Separating Overlapping Signals

"Our biggest challenge," Toda, another first author, explains, "was cleanly separating two kinds of signals from a single image while keeping noise low and avoiding mixing between them."

The researchers succeeded in identifying the movement of larger cell structures (micro) as well as much smaller particles (nano). By comparing the patterns in forward- and back-scattered light, they could estimate each particle's size and its refractive index, which describes how strongly light bends or scatters when it passes through a material.

Future Applications for Smaller Particles

"We plan to study even smaller particles," Toda says, already thinking about future research, "such as exosomes and viruses, and to estimate their size and refractive index in different samples. We also want to reveal how living cells move toward death by controlling their state and double-checking our results with other techniques."
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Astronomers unveil the surprising hidden geometry of a supernova | ScienceDaily
Swift observations with the European Southern Observatory's Very Large Telescope (ESO's VLT) have captured a star in the act of exploding, right as the blast pushed through its surface. This moment revealed the shape of the explosion during its earliest stage, a phase so brief that it would have disappeared from view within a day. Scientists have long hoped to observe this initial moment because it helps answer key questions about how massive stars end their lives as supernovae.


						
SN 2024ggi was first noticed on the night of 10 April 2024 local time. At that moment, Yi Yang, an assistant professor at Tsinghua University in Beijing, China, and lead author of the study, had just arrived in San Francisco after a long flight. Realizing the urgency, he moved quickly. Twelve hours later, he submitted an observation request to ESO, which approved it soon after. By April 11, only 26 hours after the discovery, the VLT in Chile was already observing the event.

A Rare Nearby Explosion

The supernova is located in the galaxy NGC 3621, in the direction of the constellation Hydra, approximately 22 million light-years away. For astronomers, this distance is close enough to investigate the blast in fine detail. Using the VLT and specialized instruments, the international team captured the early behavior of the explosion. "The first VLT observations captured the phase during which matter accelerated by the explosion near the centre of the star shot through the star's surface. For a few hours, the geometry of the star and its explosion could be, and were, observed together," says Dietrich Baade, an ESO astronomer in Germany and co-author of the study, published on November 12 in Science Advances.

"The geometry of a supernova explosion provides fundamental information on stellar evolution and the physical processes leading to these cosmic fireworks," Yang explains. Scientists are still investigating the exact steps that trigger the explosions of massive stars, which are defined as stars more than eight times the mass of the Sun. SN 2024ggi began as a red supergiant with a mass between 12 and 15 times that of the Sun and a radius 500 times larger. This makes it a textbook example of a massive star approaching the end of its life.

What Happens When a Massive Star Runs Out of Fuel

Throughout its life, a star keeps a stable spherical shape because gravity pulls inward while pressure from nuclear fusion pushes outward. When the star exhausts its fuel, this balance collapses. The core gives way, the surrounding layers fall inward, and then bounce off the dense center. This rebound launches a shock wave that travels outward, ultimately tearing the star apart.




Once the shock reaches the surface, energy is released in enormous amounts and the supernova becomes visible. During the short window before the explosion interacts with surrounding material, astronomers can study the initial breakout shape.

Revealing Hidden Geometry with Spectropolarimetry

To capture this early structure, astronomers used a technique called 'spectropolarimetry'. "Spectropolarimetry delivers information about the geometry of the explosion that other types of observation cannot provide because the angular scales are too tiny," says Lifan Wang, co-author and professor at the Texas A&M University in the US, who began his career as a student at ESO. Although the exploding star appears as a single point of light, the polarization of that light contains subtle signals about the explosion's shape, which the team successfully decoded.[1]

The VLT's FORS2 instrument, the only facility in the southern hemisphere able to make this type of measurement, revealed that the first burst of material resembled the shape of an olive. As the blast expanded and encountered material surrounding the star, the shape grew flatter, although the axis of symmetry stayed consistent. Yang notes that "these findings suggest a common physical mechanism that drives the explosion of many massive stars, which manifests a well-defined axial symmetry and acts on large scales."

Advancing Supernova Science Through Global Collaboration

These observations allow scientists to eliminate some existing models and refine others, improving our understanding of massive star deaths. "This discovery not only reshapes our understanding of stellar explosions, but also demonstrates what can be achieved when science transcends borders," says co-author and ESO astronomer Ferdinando Patat. "It's a powerful reminder that curiosity, collaboration, and swift action can unlock profound insights into the physics shaping our Universe."

Notes
    	Light particles (photons) have a property called polarization. In a sphere, the shape of most stars, the polarization of the individual photons cancels out so that the net polarization of the object is zero. When astronomers measure a non-zero net polarization, they can use that measurement to infer the shape of the object -- a star or a supernova -- emitting the observed light.

This research was presented in a paper published in Science Advances.

The team is composed of Y. Yang (Department of Physics, Tsinghua University, China [Tsinghua University]), X. Wen (School of Physics and Astronomy, Beijing Normal University, China [Beijing Normal University] and Tsinghua University), L. Wang (Department of Physics and Astronomy, Texas A&M University, USA [Texas A&M University] and George P. and Cynthia Woods Mitchell Institute for Fundamental Physics & Astronomy Texas A&M University, USA [IFPA Texas A&M University]), D. Baade (European Organisation for Astronomical Research in the Southern Hemisphere, Germany [ESO]), J. C. Wheeler (University of Texas at Austin, USA), A. V. Filippenko (Department of Astronomy, University of California, Berkeley, USA [UC Berkeley] and Hagler Institute for Advanced Study, Texas A&M University, USA), A. Gal-Yam (Department of Particle Physics and Astrophysics, Weizmann Institute of Science, Israel), J. Maund (Department of Physics, Royal Holloway, University of London, United Kingdom), S. Schulze (Center for Interdisciplinary Exploration and Research in Astrophysics, Northwestern University, USA), X. Wang (Tsinghua University), C. Ashall (Department of Physics, Virginia Tech, USA and Institute for Astronomy, University of Hawai'i at Manoa, USA), M. Bulla (Department of Physics and Earth Science, University of Ferrara, Italy and INFN, Sezione di Ferrara, Italy and INAF, Osservatorio Astronomico d'Abruzzo, Italy), A. Cikota (Gemini Observatory/NSF NOIRLab, Chile), H. Gao (Beijing Normal University and Institute for Frontier in Astronomy and Astrophysics, Beijing Normal University, China), P. Hoeflich (Department of Physics, Florida State University, USA), G. Li (Tsinghua University), D. Mishra (Texas A&M University and IFPA Texas A&M University), Ferdinando Patat (ESO), K. C. Patra (California and Department of Astronomy & Astrophysics, University of California, Santa Cruz, USA), S. S. Vasylyev (UC Berkeley), S. Yan (Tsinghua University).
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Astronomers discover thousands of hidden siblings of the "Seven Sisters" | ScienceDaily
Astronomers at the University of North Carolina at Chapel Hill have found that the well-known Pleiades star cluster, often called the "Seven Sisters," represents only the bright center of a much larger community of related stars. By analyzing data from NASA's Transiting Exoplanet Survey Satellite (TESS) and the European Space Agency's Gaia space telescope, the team identified thousands of additional stellar relatives spread far across the sky. They refer to this enormous structure as the Greater Pleiades Complex, and their results show that the Pleiades is about 20 times larger than scientists once believed.


						
Most stars, including the Sun, form within groups. As they age, these groups gradually disperse, which makes it difficult to track which stars were born together. Astronomers can use stellar rotation as a "cosmic clock," since young stars spin quickly and older stars slow down over time. The UNC-Chapel Hill team used this technique to locate many long-lost members of the Pleiades spread far beyond the central cluster. With rotation data from NASA's TESS and precise measurements from ESA's Gaia, they concluded that the Pleiades is not a compact grouping but the dense core of a much larger and slowly dispersing stellar association.

"This study changes how we see the Pleiades -- not just seven bright stars, but thousands of long-lost siblings scattered across the whole sky," said Andrew Boyle, lead author and graduate student in physics and astronomy at UNC-Chapel Hill.

Cultural Significance and Expanding Scientific Insight

The discovery reaches beyond astrophysics. The Pleiades has long served as a key reference point for understanding young stars and exoplanets, and it holds cultural meaning across many societies. It appears in the Old Testament and the Talmud, is honored as Matariki in New Zealand, and is depicted in the logo of Subaru in Japan. "We're realizing that many stars near the Sun are part of massive extended stellar families with complex structures," said Andrew Mann, co-author and professor of physics and astronomy at UNC-Chapel Hill. "Our work provides a new way to uncover these hidden relationships."

Mapping Hidden Structures in the Milky Way

By studying how stars rotate, the researchers developed a new way to map our region of the Galaxy. Their findings suggest that many star clusters once thought to be isolated may actually belong to much larger stellar families. This method may eventually help scientists investigate the Sun's own origins and determine whether it formed within a similarly extensive stellar group.




"By measuring how stars spin, we can identify stellar groups too scattered to detect with traditional methods -- opening a new window into the hidden architecture of our Galaxy," Boyle said.

Understanding How Solar Systems Form

The research contributes to ongoing efforts to reconstruct the environments in which stars and planets are born. These insights are essential for understanding how solar systems, including our own, take shape and evolve over time.

The research paper is available online in The Astrophysical Journal.
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Animals are developing the same chronic diseases as humans | ScienceDaily
Across the globe, a wide range of animals, including household pets, livestock, and marine species, are developing serious health problems such as cancer, obesity, diabetes, and degenerative joint disease. These non-communicable diseases (NCDs) chronic diseases are becoming increasingly common, yet the scientific community still lacks broad, interdisciplinary research that explains why they are rising in so many species. Understanding these trends is essential because the same factors influencing animal health often affect people as well.


						
A recent study in Risk Analysis introduces a new conceptual approach designed to improve monitoring and management of chronic diseases in animals. Led by animal scientist Antonia Mataragka of the Agricultural University of Athens, the research offers an evidence-based risk assessment model. The framework not only supports veterinary health but also provides insights relevant to public health, since humans and animals are experiencing similar increases in chronic illnesses.

Genetic and Environmental Drivers of Disease

After reviewing existing research on NCDs in animals, Mataragka's study highlights multiple contributing factors.

Genetic predisposition increases disease risk in certain populations. Dogs and cats that have been selectively bred for appearance and livestock bred for productivity show higher rates of conditions such as diabetes and mitral valve disease.

Environmental influences, including poor diet, limited physical activity, and long-term stress, also shape how and when these diseases appear across species.

Examples of these patterns are found in many environments. Obesity is widespread among domestic cats and dogs, with recent surveys estimating that 50-60% fall into the overweight category, which has contributed to yearly increases in feline diabetes. In agricultural settings, about 20% of intensively raised pigs develop osteoarthritis. Marine animals face similar challenges: beluga whales have documented gastrointestinal cancers, while farmed Atlantic salmon experience cardiomyopathy syndrome. Wildlife living in polluted estuaries contaminated with industrial chemicals such as polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) show liver tumor rates as high as 15-25%.




Environmental Change Intensifies Disease Risk

Human-driven ecological transformation is amplifying these threats. Urbanization, climate disruption, land conversion, and loss of biodiversity increase the frequency and severity of harmful exposures. Warming oceans and the decline of coral ecosystems correlate with higher tumor rates in marine turtles and fish. In cities, rising temperatures and poor air quality contribute to obesity, diabetes, and immune disorders in companion animals, while chemical runoff and airborne pollution influence endocrine function in birds and mammals.

"As environmental changes accelerate disease emergence, the absence of early diagnostic systems further delays the detection of NCDs in animals," says Mataragka. "While organizations like the World Health Organization provide extensive data on NCD mortality in humans, similar detailed statistics for animals are scarce. This indicates the need for more comprehensive research and enhanced surveillance in veterinary health to better understand and address these issues."

Understanding Disease Patterns Across Species

The study assesses NCD prevalence among different animal groups and examines how specific risk factors contribute to disease development. It proposes mitigation strategies at four levels: individual, population (herd), ecosystem, and policy. The findings highlight climate change, habitat degradation, pollution, and dietary imbalance as major forces increasing vulnerability among pets, livestock, and wildlife.

Linking One Health and Ecohealth Approaches

Mataragka's model blends One Health and Ecohealth frameworks, both of which emphasize the connections between human, animal, and environmental well-being (but typically operate independently). By bringing these perspectives together, the model shows how biological susceptibility (genetic predisposition) intersects with environmental and socio-ecological pressures to drive disease.

She hopes this integrated approach will support more coordinated monitoring of animals, people, and ecosystems and help identify early warning signs of rising NCDs. By recognizing shared drivers of chronic illness, researchers and policymakers may be better equipped to reduce disease risks across species.
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Melanoma rates are spiking fast in these 15 Pennsylvania counties | ScienceDaily
Counties in Pennsylvania that contain or sit close to cultivated cropland show notably higher melanoma rates than other parts of the state, according to new research led by scientists at Penn State.


						
Researchers at the Penn State Cancer Institute reviewed cancer registry data collected from 2017 through 2021 and discovered that adults over age 50 living in a 15-county area of South Central Pennsylvania were 57% more likely to be diagnosed with melanoma, the deadliest form of skin cancer, compared to residents elsewhere in the state. The team reported these results on Nov. 14 in the journal JCO Clinical Cancer Informatics.

Charlene Lam, associate professor of dermatology at Penn State Health and co-author of the study, noted that the elevated cases appear in both rural and urban counties. She explained that the higher risk is not limited to isolated locations or people who spend much of their time outdoors.

Agricultural Environments Linked to Elevated Risk

"Melanoma is often associated with beaches and sunbathing, but our findings suggest that agricultural environments may also play a role," she said. "And this isn't just about farmers. Entire communities living near agriculture, people who never set foot in a field, may still be at risk."

The usual suspect -- sunlight -- was included in the analysis. Yet even after adjusting for ultraviolet radiation levels in Pennsylvania and considering socioeconomic factors, two consistent associations emerged. Counties with more cultivated acreage and counties with greater herbicide use displayed significantly higher melanoma rates.

Herbicides, Biological Effects, and Melanoma Patterns

"Pesticides and herbicides are designed to alter biological systems," said Eugene Lengerich, emeritus professor of public health sciences at Penn State and senior author on the paper. "Some of those same mechanisms, like increasing photosensitivity or causing oxidative stress, could theoretically contribute to melanoma development."




According to the analysis, a 10% increase in cultivated land was linked to a 14% rise in melanoma cases across the region. Herbicide exposure showed a similar pattern: a 9% increase in herbicide-treated land corresponded to a 13% increase in melanoma incidence.

Lam emphasized that exposure is not restricted to those handling agricultural chemicals. She explained that these substances can drift on air currents, settle in household dust and enter water sources.

Chemical Drift and Community-Wide Exposure

"Our findings suggest that melanoma risk could extend beyond occupational settings to entire communities," she said. "This is relevant for people living near farmland. You don't have to be a farmer to face environmental exposure."

The study also referenced earlier research showing links between pesticide and herbicide exposure and melanoma, citing evidence that these chemicals can heighten sensitivity to sunlight, interfere with immune responses and damage DNA in non-human animals and plants.

Study Shows Associations, Not Proof of Cause

Benjamin Marks, first author on the paper and a medical and public health student at the Penn State College of Medicine, cautioned that while higher melanoma rates appear in areas with more cropland and herbicide use, the findings do not prove that chemicals used on crops such as corn, soybeans and grains directly cause cancer. Instead, he said the patterns point to a connection that deserves further study.




He added that research of this kind is useful for spotting broad trends, even though it cannot identify individual risk.

"Think of this as a signal, not a verdict," Marks said. "The data suggest that areas with more cultivated land and herbicide use tend to have higher melanoma rates, but many other factors could be at play like genetics, behavior or access to health care. Understanding these patterns helps us protect not just farmers, but entire communities living near farmland."

Implications Beyond Pennsylvania

Lam said she hopes to better understand how agricultural practices relate to public health, especially since similar trends have been identified in farming regions of Utah, Poland and Italy. She encouraged anyone concerned about risk to perform routine skin checks and use sun-protective clothing and sunscreen. As part of the next phase of research, she is leading studies in rural communities within the affected area to learn more about farming practices and potential exposure pathways.

"Cancer prevention can't happen in isolation," Lengerich said. "This study demonstrates the importance of a 'One Health' approach, an understanding that human health is deeply connected to our environment and agricultural systems. If herbicides and farming practices are contributing to melanoma risk, then solutions must involve not just doctors, but farmers, environmental scientists, policymakers and communities working together."

Other co-authors include Jiangang Liao, professor of public health sciences at Penn State College of Medicine, and Camille Moeckel, a fourth-year medical student and research associate at Penn State College of Medicine.

This work was supported by the MPH Capstone Program and the Medical Student Research Project at the Penn State College of Medicine, along with the University's Algin B. Garrett Professorship.
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Daily music listening linked to big drop in dementia risk | ScienceDaily
Listening to music after the age of 70 appears to be associated with a meaningful reduction in dementia risk. A research team from Monash University analyzed data from more than 10,800 older adults and found that people in this age group who regularly listened to music experienced a 39 percent lower likelihood of developing dementia.


						
The project, led by Monash honours student Emma Jaffa and Professor Joanne Ryan, examined how both listening to music and playing instruments relate to cognitive health in adults over 70. Their analysis showed that individuals who consistently listened to music, compared with those who never, rarely, or only sometimes did so, had a 39 percent reduced risk of dementia. Playing an instrument was also tied to benefits, with a 35 percent reduction in dementia risk.

Findings Drawn From Large-Scale Aging Studies

Researchers based their work on information from the ASPirin in Reducing Events in the Elderly (ASPREE) study and the ASPREE Longitudinal Study of Older Persons (ALSOP) sub-study. The results were published in the International Journal of Geriatric Psychiatry.

People who reported always listening to music demonstrated the strongest cognitive advantages. This group showed a 39 percent lower incidence of dementia and a 17 percent lower incidence of cognitive impairment, along with higher overall cognitive scores and better episodic memory (used when recalling everyday events). Those who both listened to and played music on a regular basis had a 33 percent reduced risk of dementia and a 22 percent reduced risk of cognitive impairment.

Music as an Accessible Activity for Brain Health

Ms Jaffa noted that the outcomes of the research "suggests music activities may be an accessible strategy for maintaining cognitive health in older adults, though causation cannot be established," she said.




The findings come at a time when population aging is creating new public health challenges. Longer life expectancy has led to rising rates of age-related conditions, including cognitive decline and dementia, which places increasing pressure on families and healthcare systems.

Lifestyle Choices May Shape Cognitive Aging

Senior author Professor Ryan emphasized the urgency of exploring options to help delay or prevent dementia. "With no cure currently available for dementia, the importance of identifying strategies to help prevent or delay onset of the disease is critical," she said.

She added that "Evidence suggests that brain aging is not just based on age and genetics but can be influenced by one's own environmental and lifestyle choices. Our study suggests that lifestyle-based interventions, such as listening and/or playing music can promote cognitive health."
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Scientists uncover a surprising protein that heals stubborn wounds | ScienceDaily
When a routine blood test shows high levels of a protein called SerpinB3, it often alerts doctors that something is seriously wrong. Elevated SerpinB3 can be associated with difficult-to-treat cancers or severe inflammatory diseases.


						
SerpinB3 is known as a key protein that helps reveal when the body's barrier tissues, such as the skin and lungs, are under intense strain from cancer or long-term illness. It has typically been viewed as a sign that these protective surfaces are in trouble.

Recent work from scientists at Arizona State University adds an unexpected twist. Their research shows that SerpinB3, long regarded mainly as a disease marker, also plays a natural part in helping the body repair itself by supporting wound healing.

Chronic Wounds, High Costs

Skin wounds remain a major medical challenge. Each year in the U.S., an estimated 6 million wounds occur, and many are slow to heal or difficult to manage. These hard-to-treat injuries are frequently linked with diabetes, burns, infection or older age, and together they are thought to cost about $20 billion annually.

In a new study, coauthors Jordan Yaron, Kaushal Rege and their colleagues at the Biodesign Center for Biomaterials Innovation and Translation found that SerpinB3 is one of the body's own wound-healing tools. Their results indicate that the protein helps damaged skin recover after injury.

The work opens the door to new medical strategies. Increasing SerpinB3 activity might one day speed wound repair, while limiting its activity could become a way to slow or control aggressive cancers. The research may also shed light on how SerpinB3 contributes to inflammatory diseases, ranging from skin disorders to asthma.




The findings are reported in Proceedings of the National Academy of Sciences.

Linking Biomaterials, Serpins and Tissue Repair

This study emerged from the intersection of two major efforts in the team's lab: their broader research on bioactive materials that promote wound repair and their expertise in a family of proteins known as serpins (short for serine protease inhibitors). Serpins help regulate many processes in the body, including blood clotting and immune responses, and several members of this family appear to help keep tissue breakdown and tissue repair in balance.

"When we looked deeper into how our bioactive nanomaterials were helping tissue repair, SerpinB3, a protein originally implicated in cancer, jumped at us as a key factor that correlated with nanomaterial-driven wound healing," Rege said. "This journey, which started from use-inspired research on biomaterials for tissue repair to uncovering the fundamental role of this protein as an injury-response mechanism in skin, has been truly fascinating. We are now building on this basic finding and investigating the role of SerpinB3 in other pathological conditions."

Rege is a professor of chemical engineering and director of the Biodesign Center for Biomaterials Innovation and Translation. Yaron serves as an assistant professor of chemical engineering and is also part of the center's faculty. Both researchers hold academic appointments in the School for Engineering of Matter, Transport and Energy at ASU.

A Protein With a Double Life: Cancer and Healing

Many serpins are associated with disease when their levels in the body fall out of balance, contributing to inflammation, fibrosis and cancer. SerpinB3, one member of this family, has been widely used in cancer diagnostics as a marker of particularly aggressive forms of the disease.




SerpinB3 -- also known as squamous cell carcinoma antigen-1 -- was first identified in cervical cancer tissue in 1977. Since then, it has been routinely used as a biomarker for aggressive cancers of the lung, liver and skin, where high concentrations often signal a poorer prognosis.

"For more than four decades, SerpinB3 has been recognized as a driver of cancer growth and metastasis -- so much so that it became a clinical diagnostic. Yet after all this time, its normal role in the body remained a mystery," Yaron said. "But when we looked at injured, healing skin, we found that cells moving into the wound bed were producing enormous amounts of this protein. It became clear that this is part of the machinery humans evolved to heal epithelial injuries, a process that cancer cells have learned to exploit to spread. This now opens the doors to understanding how this protein is involved in many more diseases."

How SerpinB3 Speeds Skin Repair

By monitoring which genes become active during the healing process, the researchers discovered that SerpinB3 levels rose sharply in wounded skin. This increase was even greater in wounds covered with advanced biomaterial dressings, confirming earlier work from the group that showed how these materials can amplify the body's own repair signals.

In laboratory experiments, supplying additional SerpinB3 caused skin cells to move more quickly and cover wounds more rapidly. It proved to be about as effective as Epidermal Growth Factor, a well-known molecule that promotes healing. SerpinB3 acts by stimulating keratinocytes -- the skin cells that normally migrate to repair damage. When activated, these cells become less tightly attached to their surroundings and more able to move, allowing them to slide into the wound area and rebuild tissue.

The protein also supports the body's broader repair networks, helping to coordinate healing and the growth of new tissue. Wounds treated in this way showed collagen fibers that were more orderly and better organized, creating a stronger support framework that helps the skin regain its strength and integrity.

Future Treatments for Wounds and Cancer

The scientists emphasize that additional research is needed to understand how SerpinB3 fits into the body's overall healing systems. Because it appears to accelerate repair, SerpinB3 could eventually be developed into a therapy for chronic, hard-to-heal wounds, such as pressure sores and other ulcers that close only very slowly over time.

By uncovering SerpinB3's double role in both cancer and tissue repair, the study suggests that learning more about the body's own healing machinery could lead to improved treatments for persistent wounds and new approaches to controlling cancer.
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The hidden brain bias that makes some lies so convincing | ScienceDaily
Detecting dishonesty requires people to interpret social cues, judge intent, and decide whether someone's words are trustworthy. Scientists have long wondered how we sort through this kind of social information and how we decide if someone is being honest. A key question is whether people evaluate information in the same way when it comes from a close friend or from someone they barely know.


						
To explore this, Yingjie Liu from North China University of Science and Technology led a research team investigating how people judge information depending on the relationship they share with the communicator.

Studying Deception Through Brain Imaging

According to findings published in JNeurosci, the researchers used a neuroimaging method to observe brain activity in 66 healthy adults. Pairs of participants sat facing each other but interacted through computer screens, allowing the scientists to control the flow of information. Each message the participants exchanged had consequences that were described as either a "gain" or a "loss." A "gain" referred to information that benefited both individuals in the pair, while a "loss" referred to information that produced a negative outcome. Contributing researcher Rui Huang explained, "The key reason we chose 'gain' and 'loss' contexts is that they illustrate how people adjust decision-making in response to potential rewards or punishments."

The team discovered that people were more likely to trust false information during "gain" situations, and this behavior corresponded with activation in regions of the brain that process reward, assess risk, and interpret others' intentions. This suggests that the promise of a positive outcome can strongly influence whether a lie seems believable, even if the information should raise doubts.

Friends Show Unique Brain Patterns During Deception

One of the most striking findings involved the role of friendship. When the person delivering the potentially deceptive information was considered a friend, both individuals showed synchronized brain activity. This synchrony shifted depending on the context. For example, brain regions involved in reward showed greater alignment during "gain" scenarios, while regions tied to risk evaluation became more synchronized during "loss" moments. This shared activity provided enough information for researchers to predict when a participant was likely to be deceived by a friend.

Why People May Trust Rewarding Lies

Taken together, the results indicate that people may be especially vulnerable to believing lies when the information suggests the possibility of a "gain." The study also highlights how the brain processes social information differently between friends, which may make it harder to accurately judge the truthfulness of what is being said. This combination of reward-driven thinking and interpersonal connection appears to influence how people weigh honesty, potentially leading them to accept false information more easily in certain situations.
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Physicists reveal a new quantum state where electrons run wild | ScienceDaily
Electricity keeps modern life running, from cars and phones to computers and nearly every device we rely on. It works through the movement of electrons traveling through a circuit. Although these particles are far too small to see, the electric current they produce flows through wires in a way that resembles water moving through a pipe.


						
In some materials, however, this steady flow can suddenly lock into organized, crystal-like patterns. When electrons settle into these rigid arrangements, the material undergoes a shift in its state of matter and stops conducting electricity. Instead of acting like a metal, it behaves as an insulator. This unusual behavior provides scientists with valuable insight into how electrons interact and has opened the door to advances in quantum computing, high-performance superconductors used in energy and medical imaging, innovative lighting systems, and extremely precise atomic clocks.

A group of physicists at Florida State University, including National High Magnetic Field Laboratory Dirac Postdoctoral Fellow Aman Kumar, Associate Professor Hitesh Changlani, and Assistant Professor Cyprian Lewandowski, has now identified the specific conditions that allow a special kind of electron crystal to form. In this state, electrons arrange themselves in a solid lattice yet can also shift into a more fluid form. This hybrid phase is called a generalized Wigner crystal, and the team's findings appear in npj Quantum Materials, a Nature publication.

How Electron Crystals Form

Scientists have long known that electrons in thin, two-dimensional materials can solidify into Wigner crystals, a concept first proposed in 1934. Experiments in recent years have detected these structures, but researchers had not fully understood how they arise once additional quantum effects are considered.

"In our study, we determined which 'quantum knobs' to turn to trigger this phase transition and achieve a generalized Wigner crystal, which uses a 2D moire system and allows different crystalline shapes to form, like stripes or honeycomb crystals, unlike traditional Wigner crystals that only show a triangular lattice crystal," Changlani said.

To explore these conditions, the team relied on advanced computational tools at FSU's Research Computing Center, an academic service unit of Information Technology Services, as well as the National Science Foundation's ACCESS program (an advanced computing and data resource under the Office of Advanced Cyberinfrastructure). They used methods such as exact diagonalization, density matrix renormalization group, and Monte Carlo simulations to test how electrons behave under various scenarios.




Processing Enormous Amounts of Quantum Data

Quantum mechanics assigns two pieces of information to every electron, and when hundreds or thousands of electrons interact, the total amount of data becomes extremely large. The researchers used sophisticated algorithms to compress and organize this overwhelming information into networks that could be examined and interpreted.

"We're able to mimic experimental findings via our theoretical understanding of the state of matter," Kumar said. "We conduct precise theoretical calculations using state-of-the-art tensor network calculations and exact diagonalization, a powerful numerical technique used in physics to collect details about a quantum Hamiltonian, which represents the total quantum energy in a system. Through this, we can provide a picture for how the crystal states came about and why they're favored in comparison to other energetically competitive states."

A New Hybrid: The Quantum Pinball Phase

While studying the generalized Wigner crystal, the team uncovered another surprising state of matter. In this newly identified phase, electrons show both insulating and conducting behavior at the same time. Some electrons remain anchored in place within the crystal lattice, while others break free and move throughout the material. Their motion resembles a pinball ricocheting between stationary posts.

"This pinball phase is a very exciting phase of matter that we observed while researching the generalized Wigner crystal," Lewandowski said. "Some electrons want to freeze and others want to float around, which means that some are insulating and some are conducting electricity. This is the first time this unique quantum mechanical effect has been observed and reported for the electron density we studied in our work."

Why These Discoveries Matter




These results expand scientists' ability to understand and control how matter behaves at the quantum level.

"What causes something to be insulating, conducting or magnetic? Can we transmute something into a different state?" Lewandowski said. "We're looking to predict where certain phases of matter exist and how one state can transition to another -- when you think of turning a liquid into gas, you picture turning up a heat knob to get water to boil into steam. Here, it turns out there are other quantum knobs we can play with to manipulate states of matter, which can lead to impressive advances in experimental research."

By adjusting these quantum knobs, or energy scales, researchers can push electrons from solid to liquid phases within these materials. Understanding Wigner crystals and their related states may shape the future of quantum technologies, including quantum computing and spintronics -- a rapidly evolving area of condensed-matter physics that promises faster, more efficient nano-electronic devices with lower energy use and reduced manufacturing costs.

The team aims to further explore how electrons cooperate and influence one another in complex systems. Their goal is to address fundamental questions that could ultimately drive innovations in quantum, superconducting, and atomic technologies.
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Ultra-processed foods quietly push young adults toward prediabetes | ScienceDaily
More than half of the calories people consume in the United States come from ultra-processed foods (UPFs), which include items such as fast food and packaged snacks that tend to contain large amounts of sodium, added sugars and unhealthy fats. While studies in adults have firmly connected these foods to type 2 diabetes and other chronic conditions, far less is known about how UPFs affect younger populations.


						
Researchers at the Keck School of Medicine of USC have now completed one of the earliest studies to examine how UPF intake relates to the body's ability to manage glucose, a key factor for predicting diabetes. By monitoring changes over several years, the team gained a clearer picture of how long-term food choices can influence important metabolic functions.

Tracking Young Adults Over Time

The study followed 85 young adults for four years. During this period, the researchers found that higher consumption of UPFs was tied to an increased likelihood of developing prediabetes, an early stage of elevated blood sugar that can progress to diabetes. Young adults who ate more UPFs also showed signs of insulin resistance, a condition in which the body becomes less efficient at using insulin to manage blood sugar. The findings, published in the journal Nutrition and Metabolism, were supported in part by the National Institutes of Health.

"Our findings show that even modest increases in ultra-processed food intake can disrupt glucose regulation in young adults at risk for obesity. These results point to diet as a modifiable driver of early metabolic disease, and an urgent target for prevention strategies among young people," said Vaia Lida Chatzi, MD, PhD, a professor of population and public health sciences and pediatrics and director of the Southern California Superfund Research and Training Program for PFAS Assessment, Remediation and Prevention (ShARP) Center at the Keck School of Medicine, who is the study's senior author.

Why Early Adulthood Matters

Early adulthood represents a period when individuals have reached physical maturity and are forming routines that may continue for decades. Replacing heavily processed meals with whole foods such as fruits, vegetables and whole grains can lower the chance of developing type 2 diabetes in the future.




"Young adulthood is a critical window for shaping long-term health," Chatzi said. "By focusing on young adults, we have an opportunity to intervene early, before prediabetes and other risk factors become lifelong conditions."

Identifying Early Signs of Prediabetes

The participants in the study were part of the Metabolic and Asthma Incidence Research (Meta-AIR) study, itself a segment of the larger Southern California Children's Health Study. The 85 volunteers, aged 17-22, provided dietary and health information during one visit between 2014 and 2018 and again roughly four years later.

At each appointment, participants listed everything they had eaten on a recent weekday and weekend day. Researchers grouped each food into one of two categories: UPFs (such as candy, soda, cereal, packaged spreads, flavored yogurts and many restaurant meals) or foods that were not ultra-processed. They then calculated the percentage of each person's total daily calories that came from UPFs.

Blood samples were collected before and after participants drank a sugary beverage so the researchers could evaluate how effectively their bodies produced insulin in response to rising blood sugar. Statistical analyses were used to compare dietary shifts with markers of prediabetes while accounting for differences in age, sex, ethnicity and physical activity.

Between the baseline and follow-up visits, a 10% rise in UPF intake was linked to a 64% higher risk of prediabetes and a 56% higher likelihood of impaired glucose regulation. Participants who consumed more UPFs at the start of the study were also more likely to show elevated insulin at the follow-up visit -- an early indicator of insulin resistance, when the body compensates for reduced insulin effectiveness by producing more of it.




Reducing Ultra-Processed Foods for Better Health

The results underscore that UPFs pose significant risks for young adults, a demographic rarely examined in previous work.

"These findings indicate that ultra-processed food consumption increases the risk for pre-diabetes and type 2 diabetes among young adults -- and that limiting consumption of those foods can help prevent disease," said the study's first author, Yiping Li, a doctoral student in quantitative biomedical sciences at Dartmouth College who previously worked as a researcher at the Keck School of Medicine.

The researchers noted that larger studies with more detailed food tracking could help pinpoint which specific UPFs are most harmful for young adults. They also aim to explore how nutrients in these foods may influence insulin function and blood sugar control.

Study Contributors and Funding

In addition to Li and Chatzi, the study's authors include Elizabeth Costello, Sarah Rock, Zhanghua Chen, Frank Gilliland, Michael I. Goren, Jesse A. Goodrich and David V. Conti from the Department of Population and Public Health Sciences, Keck School of Medicine of USC, University of Southern California; William B. Patterson from the University of Colorado School of Medicine; Tanya L. Alderete from the Bloomberg School of Public Health, Johns Hopkins University; and Nikos Stratakis from the Barcelona Institute for Global Health (ISGlobal).

This work was primarily supported by the National Institute of Environmental Health Sciences (NIEHS) of the National Institutes of Health [P42ES036506, P30ES007048]. Funding for the Meta-AIR study came from the Southern California Children's Environmental Health Center grants funded by NIEHS [5P01ES022845-03, P30ES007048, 5P01ES011627]; the U.S. Environmental Protection Agency [RD83544101]; and the Hastings Foundation. Additional funding came from NIEHS [R01ES036253, R01ES029944, R01ES030364, U01HG013288, T32ES013678, U01HG013288, R01ES035035 and R01ES035056]; the European Union [The Advancing Tools for Human Early Lifecourse Exposome Research and Translation (ATHLETE) project: 874583]; the National Institute on Minority Health and Health Disparities [P50MD017344]; and the Horizon Europe Research and Innovation Program [Marie Sklodowska-Curie Actions Postdoctoral Fellowships: 101059245]. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.
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New research uncovers the massive squid diet of Hawaiian pilot whales | ScienceDaily

How much energy a species must take in each day is an important indicator of its vulnerability if food becomes scarce. For short-finned pilot whales, which routinely plunge to depths of up to 1700m in search of squid, this information is especially valuable.

"These animals have been studied in locations around the world, but relatively little is known about them in Hawaiian waters," says William Gough (University of Hawai`i at Manoa, USA). He and his colleagues set out to determine exactly how much squid Hawaiian short-finned pilot whales rely on.

Tagging Pilot Whales to Track Deep Diving Behavior

To gather the data, the team traveled into offshore waters and placed suction-cup tags on eight whales. Each tag recorded extensive information, including motion data, video footage from a lighted camera, hydrophone audio of echolocation clicks, and GPS coordinates.

"Short-finned pilot whales are fairly small and quick, so we really have to pick our moment," recalls Gough. He explains that the ideal position for the tag was directly behind the blowhole and oriented toward the head so it could capture feeding activity during deep dives.

To estimate each animal's size, the researchers also used a drone positioned 25m above the whales as they swam.




Energy Use During Dives and How It Translates to Squid Needs

After retrieving the tags, which sometimes drifted as far as 50 miles before being recovered, Gough and his team documented 118 deep dives, with the whales reaching depths of up to 864m and averaging about 39 dives per day.

By analyzing tail-beat patterns as the whales descended, the researchers determined that the animals expend 73.8kJ/min during dives and 44.4kJ/min while resting at the surface. This led to a key question: how many squid must a whale consume to meet this daily energy demand?

By listening for distinct echolocation signals that indicate a whale catching a squid, the team estimated an average of about 4 squid captured per dive. Each squid provides roughly 560kJ of digestible energy.

From these calculations, Gough concluded that a single whale needs between 82 and 202 squid each day, adding up to around 73,730 squid per whale per year.

Scaling Up to the Full Hawaiian Population

To understand broader ecological impact, the scientists then estimated the total squid intake for the regional whale community. With up to 8,000 short-finned pilot whales living around Hawai`i, the combined consumption reaches approximately 88,000 tonnes of squid annually. Despite the enormous scale of these numbers, the scientists report that the squid populations in Hawaiian waters are robust enough to support this demand.

"These results show that short-finned pilot whales are in relatively good shape in Hawai`i, having found an abundant and reliable source of food," says Gough, who remains optimistic about the species' outlook in the region.
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AI creates the first 100-billion-star Milky Way simulation | ScienceDaily
Researchers led by Keiya Hirashima at the RIKEN Center for Interdisciplinary Theoretical and Mathematical Sciences (iTHEMS) in Japan, working with partners from The University of Tokyo and Universitat de Barcelona in Spain, have created the first Milky Way simulation capable of tracking more than 100 billion individual stars across 10 thousand years of evolution. The team achieved this milestone by pairing artificial intelligence (AI) with advanced numerical simulation techniques. Their model includes 100 times more stars than the most sophisticated earlier simulations and was generated more than 100 times faster.


						
The work, presented at the international supercomputing conference SC '25, marks a major step forward for astrophysics, high-performance computing, and AI-assisted modeling. The same strategy could also be applied to large-scale Earth system studies, including climate and weather research.

Why Modeling Every Star Is So Difficult

For many years, astrophysicists have aimed to build Milky Way simulations detailed enough to follow each individual star. Such models would allow researchers to compare theories of galactic evolution, structure, and star formation directly to observational data. However, simulating a galaxy accurately requires calculating gravity, fluid behavior, chemical element formation, and supernova activity across enormous ranges of time and space, which makes the task extremely demanding.

Scientists have not previously been able to model a galaxy as large as the Milky Way while maintaining fine detail at the level of single stars. Current cutting-edge simulations can represent systems with the equivalent mass of about one billion suns, far below the more than 100 billion stars that make up the Milky Way. As a result, the smallest "particle" in those models usually represents a group of roughly 100 stars, which averages away the behavior of individual stars and limits the accuracy of small-scale processes. The challenge is tied to the interval between computational steps: to capture rapid events such as supernova evolution, the simulation must advance in very small time increments.

Shrinking the timestep means dramatically greater computational effort. Even with today's best physics-based models, simulating the Milky Way star by star would require about 315 hours for every 1 million years of galactic evolution. At that rate, generating 1 billion years of activity would take over 36 years of real time. Simply adding more supercomputer cores is not a practical solution, as energy use becomes excessive and efficiency drops as more cores are added.

A New Deep Learning Approach

To overcome these barriers, Hirashima and his team designed a method that blends a deep learning surrogate model with standard physical simulations. The surrogate was trained using high-resolution supernova simulations and learned to predict how gas spreads during the 100,000 years following a supernova explosion without requiring additional resources from the main simulation. This AI component allowed the researchers to capture the galaxy's overall behavior while still modeling small-scale events, including the fine details of individual supernovae. The team validated the approach by comparing its results against large-scale runs on RIKEN's Fugaku supercomputer and The University of Tokyo's Miyabi Supercomputer System.




The method offers true individual-star resolution for galaxies with more than 100 billion stars, and it does so with remarkable speed. Simulating 1 million years took just 2.78 hours, meaning that 1 billion years could be completed in approximately 115 days instead of 36 years.

Broader Potential for Climate, Weather, and Ocean Modeling

This hybrid AI approach could reshape many areas of computational science that require linking small-scale physics with large-scale behavior. Fields such as meteorology, oceanography, and climate modeling face similar challenges and could benefit from tools that accelerate complex, multi-scale simulations.

"I believe that integrating AI with high-performance computing marks a fundamental shift in how we tackle multi-scale, multi-physics problems across the computational sciences," says Hirashima. "This achievement also shows that AI-accelerated simulations can move beyond pattern recognition to become a genuine tool for scientific discovery -- helping us trace how the elements that formed life itself emerged within our galaxy."
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Microquasars emerge as the Milky Way's most extreme particle engines | ScienceDaily
Milestone results released by the Large High Altitude Air Shower Observatory (LHAASO) on November 16 have finally clarified a decades-old puzzle in astrophysics: the unusual drop in cosmic ray counts above 3 PeV that produces what scientists call the "knee" in the cosmic ray energy spectrum.


						
The cause of this steep decline has remained mysterious since it was first identified nearly 70 years ago. Researchers long suspected that the feature reflects the highest energies that cosmic ray sources can reach, marking a shift in the spectrum from one power-law behavior to another.

Micro-quasars emerge as the likely origin of the "knee"

Two new studies -- published in National Science Review and Science Bulletin -- now point to micro-quasars powered by black hole accretion as the leading explanation. These studies show that these compact systems act as extremely powerful particle accelerators within the Milky Way and can plausibly generate the energies associated with the "knee." The findings also deepen scientific understanding of how black hole systems drive extreme physical processes.

The research team included scientists from the Institute of High Energy Physics of the Chinese Academy of Sciences (CAS), Nanjing University, the University of Science and Technology of China of CAS, La Sapienza University of Rome, and several additional institutions.

LHAASO detects ultra-high-energy emission from five micro-quasars

Black holes in binary systems pull in matter from companion stars, creating relativistic jets that transform these systems into "micro-quasars." LHAASO has now detected ultra-high-energy gamma rays from five such objects: SS 433, V4641 Sgr, GRS 1915+105, MAXI J1820+070, and Cygnus X-1. This marks the first time these sources have been systematically observed at such high energies.




One of the most striking results comes from SS 433, where the detected gamma rays overlap with a massive atomic cloud. This strongly indicates that the black hole accelerates high-energy protons which then collide with the surrounding material. Proton energies in SS 433 exceeded 1 PeV, and the total power reached approximately 1032 joules per second, a level comparable to the energy released each second by four trillion of the most powerful hydrogen bombs. Another micro-quasar, V4641 Sgr, produced gamma rays reaching 0.8 PeV, identifying it as another "super PeV particle accelerator." The parent particles behind these gamma rays carried energies above 10 PeV.

These observations confirm that micro-quasars are capable of accelerating particles to PeV levels across the Milky Way. This resolves a long-standing tension in cosmic ray research: while supernova remnants are known to produce cosmic rays, both data and theory suggest they cannot account for the energies seen at and above the "knee."

LHAASO measures proton energies once thought impossible to isolate

Understanding the full picture requires precise measurements of the energy spectra of different cosmic ray species and their individual "knees." Measuring the spectrum of protons (the lightest nuclei) is the first and most crucial step. Yet protons in the "knee" energy range are extremely rare, and satellite detectors have limited coverage, making such observations extraordinarily challenging. Ground-based methods introduce atmospheric interference, which historically made it almost impossible to distinguish protons from heavier nuclei.

Using its advanced cosmic ray detection facilities, LHAASO developed multi-parameter analysis techniques that allowed researchers to identify a statistically large and highly pure sample of protons. This enabled a precise measurement of their energy spectrum that rivals the accuracy of satellite-based instruments. The results revealed an unexpected structure: instead of a smooth shift between power-law behaviors, the proton spectrum contains a distinct new "high-energy component."

Multiple cosmic accelerators shape the Milky Way's particle environment

When combined with proton data from the AMS-02 satellite at lower energies and the intermediate-energy measurements from the DArk Matter Particle Explorer (DAMPE), the results show that the Milky Way hosts multiple types of accelerators. Each has its own characteristic energy limit. The "knee" marks the maximum energy reached by sources that produce the newly identified high-energy component.




The intricate structure of the proton spectrum suggests that PeV cosmic rays are largely produced by "new sources" such as micro-quasars, which can accelerate particles to significantly higher energies than supernova remnants. This ability allows them to generate the particles responsible for the "knee" and those that extend beyond it.

Black hole jet systems linked directly to the cosmic ray "knee"

Together, the discoveries form a consistent explanation. They resolve the long-debated origin of the "knee" and provide compelling observational evidence for the role of black hole systems in producing cosmic rays.

LHAASO's hybrid detector array enables both the detection of high-energy gamma rays from cosmic accelerators and precise measurements of the cosmic rays that reach near-Earth space. This dual capability offers new insights into the acceleration limits of astrophysical sources and the spectral signatures they contribute. For the first time, scientists have been able to directly connect the "knee" to a specific class of objects: black hole jet systems.

LHAASO, designed, built, and operated by Chinese scientists, has become a global leader in high-energy cosmic ray research due to its exceptional sensitivity in gamma-ray astronomy and precision cosmic ray measurements. Its achievements continue to expand understanding of the universe's most extreme processes.
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Extreme-pressure experiment reveals a strange new ice phase | ScienceDaily
The Korea Research Institute of Standards and Science (KRISS, President Lee Ho Seong) has captured the first-ever observation of water repeatedly freezing and melting at ultrahigh pressures above 2 gigapascals (2 GPa) while remaining at room temperature. These rapid changes were recorded on a microsecond (ms, one-millionth of a second) timescale.


						
This achievement led to the identification of a completely new crystallization pathway for water and the discovery of a previously unknown ice phase. The newly recognized structure has been named Ice XXI, making it the 21st crystalline form of ice.

How High Pressure Creates New Forms of Ice

Water typically turns into ice when its temperature drops below 0 degC, but pressure can also drive crystallization. Under the right pressure conditions, ice can form at room temperature or even at temperatures higher than its usual boiling point. For example, water compressed beyond 0.96 GPa at room temperature transforms into Ice VI.

During freezing, the hydrogen-bonded network among water molecules becomes distorted and reorganized in complex ways. These shifts produce a wide range of ice structures depending on the surrounding pressure and temperature.

A more detailed understanding of how these molecular rearrangements occur, and the ability to control them under extreme conditions, could pave the way for creating entirely new materials that do not exist naturally on Earth.

A Century of Ice Research Reaches a New Milestone

Over the past 100 years, scientists have identified 20 distinct crystalline ice phases* by adjusting pressure and temperature. These phases appear across a massive range of more than 2,000 K in temperature and over 100 GPa in pressure. The zone between ambient pressure (0 GPa) and 2 GPa is considered one of the most complex regions of water's phase diagram, where more than ten different ice phases cluster together.




The Space Metrology Group at KRISS managed to create a supercompressed liquid state in which water remained liquid at room temperature despite being pressurized to more than 2 GPa, which is over twice the pressure normally required for crystallization. This was made possible with a dynamic diamond anvil cell (dDAC**), a high-pressure instrument developed at KRISS.

Conventional diamond anvil cells (DACs) increase pressure by tightening bolts, a process that often introduces pressure gradients and mechanical disturbances that trigger premature nucleation. The KRISS dDAC minimizes these issues by reducing mechanical shock and cutting the compression time from tens of seconds to only 10 milliseconds (ms). This allowed water to be pushed deeply into the Ice VI pressure range while remaining liquid.

Capturing the Birth of a New Ice Phase

In collaboration with international partners, KRISS scientists used the dDAC together with the European XFEL (the world's largest X-ray free-electron laser facility) to monitor the crystallization of supercompressed water with microsecond precision. These observations revealed complex, previously unseen crystallization pathways at room temperature. The transitions occurred through a new ice phase, Ice XXI, marking the first global identification of the 21st crystalline form of ice.

The researchers also determined the detailed structure of Ice XXI and mapped the various pathways leading to its formation. Ice XXI shows an unusually large and intricate unit cell compared to other known phases. The crystal's geometry is a flattened rectangular lattice in which the two base edges are identical in length.

A Large International Collaboration

This discovery involved 33 researchers from South Korea, Germany, Japan, the USA, and England, along with scientists at the European XFEL and DESY. The project was proposed and led by KRISS under the direction of Dr. Lee Geun Woo, who served as principal investigator (PI).




The KRISS team included Dr. Kim Jin Kyun (co-first author, postdoctoral researcher at KRISS), Dr. Kim Yong-Jae (co-first author, formerly postdoctoral researcher at KRISS and now at Lawrence Livermore National Laboratory), Dr. Lee Yun-Hee (co-first author, Principal Research Scientist), Dr. Kim Minju (co-author, Postdoctoral Researcher), Dr. Cho Yong Chan (co-author, Principal Research Scientist), and Dr. Lee Geun Woo (corresponding author, Principal Research Scientist). They led the experimental design, data collection, and structural analysis that enabled the first identification of Ice XXI. Their work represents a major advancement for high-pressure physics and planetary science.

Dr. Lee Yun-Hee said, "The density of Ice XXI is comparable to the high-pressure ice layers inside the icy moons of Jupiter and Saturn. This discovery may provide new clues for exploring the origins of life under extreme conditions in space."

Dr. Lee Geun Woo added, "By combining our in-house developed dDAC technology with the XFEL, we were able to capture fleeting moments that had been inaccessible with conventional instruments. Continued research into ultrahigh-pressure and other extreme environments will open new frontiers in science."

Notes

* Previously, ice phases from Ice I to Ice XX had been reported. Ice I appears in two structural forms: the hexagonal Ice Ih and the cubic Ice Ic.

** The dDAC is a high-pressure device that uses a pair of diamonds and piezoelectric actuators to dynamically control and observe pressure changes in a microscopic water sample.

This research was supported by the 4000 K-class Rocket Engine Ultra-High Temperature Materials and Measurement Technologies Development Project of the National Research Council of Science & Technology (NST). The results were published in Nature Materials (Impact Factor: 38.5) in October.
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Smoking cannabis with tobacco may disrupt the brain's "bliss molecule" | ScienceDaily
People who use both cannabis and tobacco show measurable differences in brain activity compared to those who rely solely on cannabis, according to new findings from a McGill University team at the Douglas Research Centre.


						
These results may help clarify why people who combine the two substances more often experience symptoms such as anxiety and depression, and why attempts to quit cannabis tend to be more difficult for them than for people who avoid tobacco.

"This is the first evidence in humans of a molecular mechanism that may underlie why people who use both cannabis and tobacco experience worse outcomes," said lead author Rachel Rabin, Associate Professor in McGill's Department of Psychiatry and researcher at the Douglas.

"Identifying this mechanism is an important step toward finding targets for future medications to treat cannabis use disorder, especially among those that co-use tobacco. Right now, the only available treatments are behavioral therapies such as counseling," she said.

Co-Use Common Even as Tobacco Use Declines

In Canada, roughly one in 20 people who used cannabis within the past year are considered at risk for cannabis use disorder. Among people who consume cannabis more often, the rate jumps to about one in three.

The researchers note that tobacco use is decreasing overall, yet the majority of cannabis users still report using tobacco as well. Rabin explained that most previous studies focused on each substance separately, leaving a major gap that this early-stage research is beginning to fill.




Changes in the Brain's "Bliss Molecule" System

PET scans showed that people who used both cannabis and tobacco had elevated levels of FAAH when compared to those using cannabis alone. FAAH is an enzyme that breaks down anandamide, a naturally occurring compound often described as the "bliss molecule" because of its influence on mood and stress responses. Higher FAAH levels mean lower anandamide levels, a pattern that has previously been linked to anxiety, depression and higher relapse rates among people trying to stop using cannabis.

Small Study Offers Early Clues

The analysis involved 13 young adults. Eight used only cannabis, while five used cannabis and smoked cigarettes every day. Cannabis use averaged slightly above one gram per day. Cigarette intake ranged from one to 12 per day.

Because the data was originally gathered for an unrelated project, there was no tobacco-only group for comparison. This means the changes could potentially be caused by tobacco alone, although the researchers believe the results point to a more complex interaction.

"What surprised us was how strong the effect was, and how different it was from those who only used cannabis, compared to those who used both tobacco and cannabis," said co-author Romina Mizrahi, Professor of Psychiatry and director of the McGill Research Center for Cannabis.




Next Steps in Understanding Tobacco's Role

The team is now recruiting people who smoke cigarettes and people who vape nicotine for a follow-up project that will explore whether similar brain changes appear in the absence of cannabis.

"A preliminary investigation of tobacco co-use on endocannabinoid activity in people with cannabis use" by Rachel Rabin, Joseph Farrugia, Ranjini Garani and Romina Mizrahi was published in Drug and Alcohol Dependence Reports.

The study received funding from the National Institute of Mental Health.
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Scientists find a surprising link between lead and human evolution | ScienceDaily
A major international research effort is reshaping the long-held belief that lead exposure is primarily a modern problem. The new findings show that early human ancestors encountered lead repeatedly for more than two million years, suggesting that this toxic metal may have played an unexpected role in shaping the evolution of hominid brains, behavior, and possibly language.


						
The study -- published in Science Advances -- also offers a new angle on why modern humans ultimately surpassed Neanderthals. Lab-grown brain organoids with Neanderthal genetic variants reacted more strongly to lead than organoids with human genetics, hinting that Neanderthals may have been more vulnerable to lead's neurological effects.

Researchers from the Geoarchaeology and Archaeometry Research Group (GARG) at Southern Cross University (Australia), the Department of Environmental Medicine at the Icahn School of Medicine at Mount Sinai Hospital (New York, USA), and the School of Medicine at the University of California San Diego (UCSD, USA) combined fossil chemistry, brain organoid experiments, and evolutionary genetics to uncover how lead factored into hominid history.

Evidence of Ancient Lead Exposure in Fossil Teeth

For many years, lead toxicity was assumed to be closely tied to human industry, including smelting, mining, and the use of leaded petrol and paint. That view shifted when researchers analysed 51 fossil teeth from a range of hominids and great apes, including Australopithecus africanus, Paranthropus robustus, early Homo, Neanderthals, and Homo sapiens. The teeth showed clear chemical traces of intermittent lead exposure that stretch back nearly two million years.

High-precision laser-ablation geochemistry performed at Southern Cross University's GARG Facility (located in Lismore, NSW) and at Mount Sinai's Exposomics laboratories revealed distinct 'lead bands' in the enamel and dentine. These bands formed during childhood and indicate recurring periods of lead intake from environmental sources (such as polluted water, soil, or volcanic activity) or from lead stored in the body's bones and released during times of stress or illness.

"Our data show that lead exposure wasn't just a product of the Industrial Revolution -- it was part of our evolutionary landscape," said Professor Renaud Joannes-Boyau, Head of the GARG research group at Southern Cross University.




"This means that the brains of our ancestors developed under the influence of a potent toxic metal, which may have shaped their social behavior and cognitive abilities over millennia."

How Lead Interacted With Early Brain Development

To understand the functional impact of this exposure, the team studied human brain organoids, which serve as simplified, lab-grown models of early brain development. They tested how lead affected two versions of a key developmental gene known as NOVA1, which regulates gene expression under lead exposure during neurodevelopment. The modern human version of NOVA1 differs from the variant seen in Neanderthals and other extinct hominids, although the reason for this evolutionary change was previously unclear.

Organoids carrying the Neanderthal-like NOVA1 variant showed substantial disruptions in FOXP2-expressing neurons in the cortex and thalamus when exposed to lead. These brain regions are essential for language and speech development. Organoids with the modern human NOVA1 gene showed far less disruption.

"These results suggest that our NOVA1 variant may have offered protection against the harmful neurological effects of lead," said Professor Alysson Muotri, Professor of Pediatrics/Cellular & Molecular Medicine and Director of the UC San Diego Sanford Stem Cell Institute Integrated Space Stem Cell Orbital Research Center.

"It's an extraordinary example of how an environmental pressure, in this case, lead toxicity, could have driven genetic changes that improved survival and our ability to communicate using language, but which now also influence our vulnerability to modern lead exposure."

Genetic Insights Into the Rise of Modern Humans




Genetic and proteomic data from the study showed that lead exposure in organoids with archaic gene variants disrupted multiple pathways tied to neurodevelopment, communication, and social behavior. The FOXP2 disruptions are especially noteworthy because of FOXP2's well-established role in speech and language. These results suggest that long-term pressure from environmental toxins may have nudged cognitive and communicative traits along different evolutionary paths in modern humans and Neanderthals.

"This study shows how our environmental exposures shaped our evolution," said Professor Manish Arora, Professor and Vice Chairman of Environmental Medicine.

"From the perspective of inter-species competition, the observation that toxic exposures can offer an overall survival advantage offers a fresh paradigm for environmental medicine to examine the evolutionary roots of disorders linked to environmental exposures."

What Ancient Lead Exposure Means for Us Today

Although modern lead exposure is mostly linked to industrial activities, it continues to pose a serious health threat, especially for children. The new findings show that human susceptibility to lead may be deeply rooted in our evolutionary past and shaped by interactions between genes and environmental conditions.

"Our work not only rewrites the history of lead exposure," added Professor Joannes-Boyau, "it also reminds us that the interaction between our genes and the environment has been shaping our species for millions of years, and continues to do so."

The research drew on fossil teeth from Africa, Asia, Europe, and Oceania, using detailed geochemical mapping to trace childhood episodes of lead intake. In parallel, brain organoids containing either modern or archaic NOVA1 genes were used to study how lead affected brain development, with particular attention to FOXP2, a gene central to language. Genetic, transcriptomic, and proteomic analyses were combined to build a broad understanding of how lead may have influenced the evolution of hominid cognition and social behavior.
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Chimps shock scientists by changing their minds with new evidence | ScienceDaily
Chimpanzees may share more with human thinkers than researchers once realized. A new study published in Science presents compelling evidence that chimpanzees can revise their beliefs in a rational way when they encounter new information.


						
The study, titled "Chimpanzees rationally revise their beliefs," was carried out by an international team that included UC Berkeley Psychology Postdoctoral Researcher Emily Sanford, UC Berkeley Psychology Professor Jan Engelmann and Utrecht University Psychology Professor Hanna Schleihauf. Their results indicate that chimpanzees, similar to humans, adjust their decisions based on how strong the available evidence is, which is a central component of rational thinking.

At the Ngamba Island Chimpanzee Sanctuary in Uganda, the researchers designed an experiment involving two boxes, one of which contained food. The chimps were first given a hint about which box held the reward. Later, they received a clearer and more convincing clue that pointed to the other box. Many of the animals changed their choice after receiving the stronger information.

"Chimpanzees were able to revise their beliefs when better evidence became available," said Sanford, a researcher in the UC Berkeley Social Origins Lab. "This kind of flexible reasoning is something we often associate with 4-year-old children. It was exciting to show that chimps can do this too."

Testing Whether Chimps Are Reasoning or Acting on Instinct

To confirm that the animals were truly engaging in reasoning rather than reacting on impulse, the researchers used tightly controlled experiments combined with computational modeling. These methods helped rule out simpler explanations, such as the chimps favoring the most recent clue (recency bias) or simply responding to the easiest cue to notice. The modeling showed that their decisions followed patterns consistent with rational belief revision.

"We recorded their first choice, then their second, and compared whether they revised their beliefs," Sanford said. "We also used computational models to test how their choices matched up with various reasoning strategies."

This work challenges long-held assumptions that rationality, defined as forming and updating beliefs based on evidence, belongs only to humans.




"The difference between humans and chimpanzees isn't a categorical leap. It's more like a continuum," Sanford said.

Broader Implications for Learning, Childhood Development and AI

Sanford believes these findings may influence how scientists think about a wide range of fields. Learning how primates update their beliefs could reshape ideas about how children learn and even how artificial intelligence systems are designed.

"This research can help us think differently about how we approach early education or how we model reasoning in AI systems," she said. "We shouldn't assume children are blank slates when they walk into a classroom."

The next phase of the project will apply the same belief revision tasks to young children. Sanford's team is now gathering data from two- to four-year-olds to see how toddlers handle changing information compared to chimps.

"It's fascinating to design a task for chimps, and then try to adapt it for a toddler," she said.




Expanding the Study to Other Primates

Sanford hopes to broaden the work to additional primate species, creating a comparative view of reasoning abilities across evolutionary branches. Her previous research spans topics from empathy in dogs to numerical understanding in children, and she notes that one theme continues to stand out: animals often demonstrate far more cognitive sophistication than people assume.

"They may not know what science is, but they're navigating complex environments with intelligent and adaptive strategies," she said. "And that's something worth paying attention to."

Other members of the research team include: Bill Thompson (UC Berkeley Psychology); Snow Zhang (UC Berkeley Philosophy); Joshua Rukundo (Ngamba Island Chimpanzee Sanctuary/Chimpanzee Trust, Uganda); Josep Call (School of Psychology and Neuroscience, University of St Andrews); and Esther Herrmann (School of Psychology, University of Portsmouth).
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Dark matter acts surprisingly normal in a new cosmic test | ScienceDaily
Does dark matter behave according to the same physical rules that apply to ordinary matter? This question remains one of the major puzzles in modern cosmology, since this invisible form of matter (which neither emits nor reflects any light) is still hypothetical and extremely difficult to study directly. Researchers from the University of Geneva (UNIGE) and collaborating institutions aimed to see whether dark matter follows familiar behavior on the largest scales, or whether other forces might influence it. Their study, published in Nature Communications, indicates that dark matter appears to act much like ordinary matter, although they cannot yet rule out the possibility of an additional, previously unknown interaction. Because dark matter is thought to be five times more common than ordinary matter, even a small new insight helps clarify its role in shaping the Universe.


						
Ordinary matter is affected by four known fundamental forces: gravity, electromagnetism, and the strong and weak forces within atoms. The question is whether dark matter responds to the same set of forces. While dark matter is invisible and difficult to detect, it may still follow these familiar laws or possibly be influenced by a fifth force that scientists have not yet identified.

Investigating How Dark Matter Moves Through Gravitational Wells

To explore this possibility, the UNIGE-led team examined whether dark matter sinks into gravitational wells the way ordinary matter does on cosmic scales. Massive objects distort the structure of space, forming these wells. Ordinary matter -- planets, stars and galaxies -- falls into them according to established physical principles that include Einstein's general relativity and Euler's equations. The team wanted to know whether dark matter behaves in the same predictable way.

"To answer this question, we compared the velocities of galaxies across the Universe with the depth of gravitational wells," explains Camille Bonvin, associate professor in the Department of Theoretical Physics at UNIGE's Faculty of Science and co-author of the study. "If dark matter is not subject to a fifth force, then galaxies -- which are mostly made of dark matter -- will fall into these wells like ordinary matter, governed solely by gravity. On the other hand, if a fifth force acts on dark matter, it will influence the motion of galaxies, which would then fall into the wells differently. By comparing the depth of the wells with the galaxies' velocities, we can therefore test for the presence of such a force."

Dark Matter Appears to Follow Euler's Equations

Using this method on modern cosmological data, the researchers found that dark matter moves into gravitational wells in the same manner as ordinary matter, meaning it is consistent with Euler's equations. "At this stage, however, these conclusions do not yet rule out the presence of an unknown force. But if such a fifth force exists, it cannot exceed 7% of the strength of gravity -- otherwise it would already have appeared in our analyses," says Nastassia Grimm first author of the study and former postdoctoral researcher at the Department of Theoretical Physics at UNIGE's Faculty of Science who has recently joined the Institute of Cosmology and Gravitation at the University of Portsmouth.

What Comes Next in the Search for New Physics

These early findings represent an important step in refining our understanding of dark matter. The next key objective is to determine whether a subtle fifth force truly affects it. "Upcoming data from the newest experiments, such as LSST and DESI, will be sensitive to forces as weak as 2% of gravity. They should therefore allow us to learn even more about the behavior of dark matter," concludes Isaac Tutusaus, researcher at ICE-CSIC and IEEC and associate professor at IRAP, Midi-Pyrenees observatory, University of Toulouse, co-author of the study.
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Scientists recover 40,000-year-old mammoth RNA still packed with clues | ScienceDaily
Researchers from Stockholm University have -- for the first time ever -- managed to successfully isolate and sequence RNA molecules from Ice Age woolly mammoths. These RNA sequences are the oldest ever recovered and come from mammoth tissue preserved in the Siberian permafrost for nearly 40,000 years. The study, published in the journal Cell, demonstrates that RNA, along with DNA and proteins, can remain intact for extremely long periods and can reveal new details about long-extinct species.


						
"With RNA, we can obtain direct evidence of which genes are 'turned on', offering a glimpse into the final moments of life of a mammoth that walked the Earth during the last Ice Age. This is information that cannot be obtained from DNA alone," says Emilio Marmol, lead author of the study. Formerly a postdoctoral researcher at Stockholm University, he is now based at the Globe Institute in Copenhagen. During his time at Stockholm University, he collaborated with researchers at SciLifeLab and the Centre for Palaeogenetics, a joint initiative between Stockholm University and the Swedish Museum of Natural History.

Why Ancient RNA Matters

Understanding how prehistoric genes functioned and were activated is crucial for learning more about extinct species. Scientists have spent years analyzing mammoth DNA to reconstruct their genomes and evolutionary relationships, but RNA has remained largely inaccessible. Because RNA breaks down quickly after death, many researchers assumed it could not survive long enough to be studied in animals that disappeared thousands of years ago.

"We gained access to exceptionally well-preserved mammoth tissues unearthed from the Siberian permafrost, which we hoped would still contain RNA molecules frozen in time," adds Emilio Marmol.

"We have previously pushed the limits of DNA recovery past a million years. Now, we wanted to explore whether we could expand RNA sequencing further back in time than done in previous studies," says Love Dalen, professor of Evolutionary Genomics at Stockholm University and the Centre for Palaeogenetics.

The Oldest RNA Ever Sequenced

The researchers identified distinct patterns of gene expression in frozen muscle tissue from Yuka, a juvenile mammoth that died almost 40,000 years ago. Among the more than 20,000 protein-coding genes in the mammoth genome, only a portion were active. The RNA molecules they detected coded for proteins involved in muscle contraction and metabolic responses to stress.




"We found signs of cell stress, which is perhaps not surprising since previous research suggested that Yuka was attacked by cave lions shortly before his death," says Emilio Marmol.

They also uncovered numerous RNA molecules involved in regulating gene activity within the mammoth muscle.

Ancient microRNAs Confirm Authentic Mammoth Signals

"RNAs that do not encode for proteins, such as microRNAs, were among the most exciting findings we got," says Marc Friedlander, associate professor at the Department of Molecular Biosciences, The Wenner-Gren Institute at Stockholm University and SciLifeLab.

"The muscle-specific microRNAs we found in mammoth tissues are direct evidence of gene regulation happening in real time in ancient times. It is the first time something like this has been achieved," he says.

These microRNAs helped confirm that the genetic signals truly originated from mammoths.




"We found rare mutations in certain microRNAs that provided a smoking-gun demonstration of their mammoth origin. We even detected novel genes solely based on RNA evidence, something never before attempted in such ancient remains," notes Bastian Fromm, associate professor at the Arctic University Museum of Norway (UiT).

RNA Survives Far Longer Than Expected

"RNA molecules can survive much longer than previously thought."

"Our results demonstrate that RNA molecules can survive much longer than previously thought. This means that we will not only be able to study which genes are 'turned on' in different extinct animals, but it will also be possible to sequence RNA viruses, such as influenza and coronaviruses, preserved in Ice Age remains," says Love Dalen.

In the years ahead, the team hopes to integrate prehistoric RNA with DNA, proteins, and other preserved biomolecules.

"Such studies could fundamentally reshape our understanding of extinct megafauna as well as other species, revealing the many hidden layers of biology that have remained frozen in time until now," finishes Emilio Marmol.

Woolly Mammoths and Their Disappearance

Woolly mammoths once roamed the icy plains of Eurasia and North America, perfectly adapted to life during the last Ice Age (approximately 115,000-11,500 years ago). With their thick coats, curved tusks, and towering size, they grazed the vast steppes that stretched across the northern hemisphere. But as the climate warmed, the woolly mammoths gradually vanished, with the last small herds surviving on remote Arctic islands until just 4,000 years ago.
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Extreme floods are slashing global rice yields faster than expected | ScienceDaily
Intense flooding has significantly reduced rice harvests around the world in recent decades, putting at risk the food supply of billions of people who rely on the grain as a dietary staple. Between 1980 and 2015, annual losses averaged about 4.3%, or roughly 18 million tons of rice each year, according to Stanford University research published November 14 in Science Advances.


						
The researchers found that the damage has grown worse since 2000 as extreme floods have become more common in many of the planet's main rice-growing regions. They report that climate change is likely to further increase the frequency and severity of these destructive floods in the coming decades.

Droughts, Floods, and a Delicate Balance for Rice

Scientists and farmers have long known that rice yields fall during droughts. The new study adds fresh detail to this picture, estimating that droughts reduced rice yields by an average of 8.1% per year during the 35-year study window. At the same time, the work draws attention to a related but less examined danger from too much water. Rice plants benefit from shallow standing water during early growth, yet prolonged or deep flooding can severely damage or kill the crop.

"While the scientific community has focused on damage to rice yield due to droughts, the impacts of floods have not received enough attention," said Steven Gorelick, the study's senior co-author and a professor of Earth system science in the Stanford Doerr School of Sustainability. "Our research documents not only areas where rice yields have suffered due to past flooding, but also where we can anticipate and prepare for this threat in the future."

What Counts as a 'Rice-Killing' Flood

The research team clearly spells out, for the first time, the conditions that turn a flood into a lethal event for rice, said lead study author Zhi Li, who worked on the project as a postdoctoral fellow in Gorelick's lab at Stanford and recently joined the faculty of the University of Colorado Boulder.




They found that a full week of complete submergence during the plant's growth cycle is the critical tipping point. "When crops are fully submerged for at least seven days, most rice plants die," Li said. "By defining 'rice-killing floods,' we were able to quantify for the first time how these specific floods are consistently destroying one of the most important staple foods for more than half of the global population."

How the Researchers Measured Flood and Drought Damage

To estimate how much past droughts and floods have harmed rice production, the scientists combined several lines of evidence. They drew on information about rice growth stages, annual global rice yields, a worldwide database of droughts and floods dating back to 1950, a model of how floods behave across landscapes, and a simulation of soil moisture levels over time in major rice-growing river basins.

Their analysis indicates that, in the coming decades, the most intense week of rainfall in key rice-growing basins around the world could deliver 13% more rain than the average for those regions during the 1980 to 2015 baseline period. This projected increase suggests that rice-killing flood conditions may become more common as the climate continues to warm.

Flood-Resistant Rice Varieties and High-Risk Regions

Wider use of flood-resistant rice varieties could help reduce future losses, especially in the areas that face the highest risk. The study highlights the Sabarmati Basin in India, which experiences the longest rice-killing floods, along with North Korea, Indonesia, China, the Philippines, and Nepal, where the impact of such floods on rice yields has grown the most in recent decades. The greatest total losses have occurred in North Korea, East China, and India's West Bengal.




The researchers also identified exceptions, such as India's Pennar Basin, where flooding appears to boost rice yields. They suggest that in these locations, hot and dry conditions may allow standing floodwater to evaporate quickly, reducing long-term damage and sometimes even creating favorable moisture conditions for the crop.

Compounding Climate Stresses on Rice

For Gorelick and Li, the new findings reinforce the need to understand how rice responds not only to floods and droughts, but also to heat waves and cold stress, both individually and when they occur in succession. Earlier research has shown that rapid swings from drought to flood and back again can nearly double rice yield losses compared with single flood or drought events on their own. According to the authors, "How these combined effects can be mitigated remains a major challenge."

Additional co-authors not mentioned above include Lorenzo Rosa, who is affiliated with the Department of Earth System Science in the Stanford Doerr School of Sustainability and the Department of Global Ecology at the Carnegie Institution for Science. The research was supported by a Dean's Postdoctoral Fellowship awarded to Li by the Stanford Doerr School of Sustainability.
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Scientists melt early protein clumps and shut down Alzheimer's damage | ScienceDaily
Researchers at Tokyo Metropolitan University have turned to concepts from polymer physics to better understand a central feature of Alzheimer's disease: the formation of tau protein fibrils. Their work revealed that these fibrils do not appear suddenly. Instead, they emerge after large clusters of tau proteins begin to gather in solution, a process that resembles polymer crystallization. When the scientists disrupted these early clusters, the fibrils failed to form, suggesting a promising direction for new strategies against neurodegenerative conditions.


						
Alzheimer's disease (AD) remains one of the most difficult medical challenges, especially as global populations continue to age. Scientists have long focused on pharmacology and traditional biomedical approaches. However, the complexity of AD has driven researchers to explore insights from other scientific fields that may open up new paths for understanding the disease and designing treatments.

How Polymer Behavior Helped Explain Tau Protein Fibrils

Led by Professor Rei Kurita, the research team applied ideas from how polymers organize into crystals. Polymers, which are long chains of repeating molecular units, often do not crystallize by simply adding one chain at a time. Instead, they pass through intermediate precursor structures before forming an ordered crystal. Drawing on this concept, the scientists examined tau proteins in solution and found that fibril formation (fibrillization) is also preceded by a precursor stage. In this case, the precursor is a loose assembly of tau proteins measuring only tens of nanometers. Techniques including small angle X-ray scattering and fluorescence-based analyses confirmed the presence of these structures.

A key discovery was that these precursors are not rigid but instead are soft, temporary clusters. The researchers were able to dissolve them by altering sodium chloride levels in the presence of heparin, a naturally occurring anticoagulant. When the clusters were disrupted or prevented from forming, the solution produced almost no tau fibrils. The team suggested that this effect occurs because increased concentrations of charged ions reduce how strongly tau proteins interact with heparin. According to their explanation, this change enhances electrostatic "screening," making it more difficult for the molecules to find each other and form clusters.

A New Therapeutic Direction for Alzheimer's and Beyond

These findings point to a potential shift in how scientists approach AD treatments. Instead of trying to break apart the final fibrils, therapies could aim at stopping the reversible precursor stage before harmful structures develop. This approach could influence not only AD research but also efforts to understand other neurodegenerative diseases, including Parkinson's disease.

This work was supported by JST SPRING Program Grant Number JPMJSP2156, JSPS KAKENHI Grant Numbers 22K07362, 25K21773, 24H00624, 22H05036, 23K21357, 25K02405, 23H00394, 23KK0133, and 20H01874, JST Moonshot R&D Program Grant Number JPMJMS2024, and AMED Grant Number 24wm0625303 and 25dk0207073.

Tau Protein Fibrils
Tau protein fibrils are abnormal bundles of tau proteins that assemble inside neurons when tau loses its normal shape and function. Under healthy conditions, tau works like a stabilizing support beam, helping maintain the microtubules that allow nutrients and signals to move through nerve cells. When tau becomes misfolded, it starts clumping together into long, fibrous aggregates known as fibrils. These structures interfere with the cell's internal transport system and are strongly linked to the cognitive decline seen in Alzheimer's disease and other neurodegenerative conditions. Because fibrils grow from smaller, early-stage tau clusters, researchers are increasingly focused on blocking these initial steps to prevent downstream damage.
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Ancient Chinese tombs reveal a hidden 4,000-year pattern | ScienceDaily
Tombs found throughout China, built from the time of the 4,000-year old Xia Dynasty to the present day, offer insight into long-term social and political trends. This conclusion comes from a study published October 29, 2025 in the open-access journal PLOS One by Quanbao Ma of the Beijing University of Civil Engineering and Architecture, China, along with colleagues.


						
The team created a detailed map of ancient tomb sites across the country to look for patterns in how these burial locations changed through time. Their analysis shows that both socioeconomic conditions and local geography likely played important roles in shaping where these tombs were placed.

How Stability and Prosperity Affected Tomb Construction

The researchers found that many of the better-preserved tombs date to periods marked by relative political and economic stability. Examples include the Qin-Han and Yuan-Ming-Qing dynasties. In contrast, fewer tombs survive from more turbulent eras, such as the Five Dynasties period. According to the study, people living during prosperous times may have had more resources and opportunities to focus on burial customs and beliefs about the afterlife.

Population changes also appear to have influenced where tombs were built. The researchers note that frequent conflict in northern China from the late Eastern Han dynasty through the Northern and Southern dynasties pushed many communities to relocate to the south. As a result, tombs from this era are more heavily concentrated in southern regions.

Two areas, the Chengdu-Chongqing region and the Central Plains, contain especially large numbers of surviving tombs. Chengdu-Chongqing has fertile and relatively level terrain, while the Central Plains combine flat landscapes with ample water. These environmental advantages would have supported long-lasting settlements. Both regions are also relatively humid, which the researchers suggest may have helped protect artifacts placed inside the tombs.

Preserving Cultural Heritage for the Future

According to the study, burial sites offer essential information about China's cultural heritage, and the researchers hope their findings will support future preservation efforts. They emphasize the importance of building a stronger scientific foundation for safeguarding these historically significant sites.

The authors state: "This study conducted a systematic digital survey and analysis of the spatiotemporal distribution characteristics and influencing factors of ancient tombs in China, revealing their evolution patterns and influencing factors, thus laying an important theoretical foundation for building a scientific and precise protection system."

This study was supported by the National Social Science Fund of China in the form of a grant awarded to Quanbao Ma (22FYSB019) and the National Social Science Fund of China in the form of a salary for Quanbao Ma. The specific roles of this author are articulated in the 'author contributions' section. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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Science finally solves a 700-year-old royal murder | ScienceDaily
An international team led by Hungarian scholars has successfully confirmed that skeletal remains discovered in Budapest belong to Duke Bela, the Ban of Macso, who descended from both the Arpad and Rurik dynasties. This finding resolves a long-standing archaeological mystery that has lingered for more than a century.


						
The project was organized by Tamas Hajdu (Department of Anthropology, Faculty of Sciences, Eotvos Lorand University (ELTE TTK)), with genetic analyses conducted by Anna Szecsenyi-Nagy and Noemi Borbely of the Institute of Archaeogenomics, ELTE RCH. Their work demonstrates how historical accounts can be validated and violent deaths reconstructed in remarkable detail when the humanities and natural sciences collaborate. The study has been published in Forensic Science International: Genetics.

Early Discoveries on Margaret Island

The story began in 1915, when archaeologists excavating the Dominican monastery on Margaret Island (Budapest) uncovered the bones of a young man in the sacristy. Based on the burial context, period sources, and the evidence of trauma on the skeleton, researchers at the time suggested that the remains belonged to Bela Duke of Macso, a member of the House of Arpad. Bela of Macso (born after 1243 -- died: November 1272) was the grandson of King Bela IV on his mother's side, while his father's lineage traced back to the Rurik dynasty of northern, Scandinavian origin, which produced numerous Grand Dukes of Kiev from the 9th century onward. According to 13th-century Austrian chronicles, Duke Bela was assassinated in November 1272 by Ban Henrik "Koszegi" of the Heder family and his associates. Contemporary stories describe how his mutilated body was collected by Margit (his sister) and Erzsebet (his niece) and buried at the Dominican monastery.

Lost Bones and a 20th-Century Disappearance

After the excavation, the remains were sent to Lajos Bartucz at the Institute of Anthropology of the Budapest University (now: Department of Anthropology, ELTE TTK) for bioanthropological study. Bartucz documented 23 sword cuts across the skeleton, along with multiple fatal skull injuries. He concluded that the duke had been attacked by several individuals simultaneously and had even been struck while lying on the ground. Bartucz mentioned the bones publicly in 1936 and published a photograph of the skull in 1938. After that, all references to the remains disappeared, and many experts believed they had been lost during the Second World War. Unexpectedly, in 2018 the postcranial bones were rediscovered in a wooden box stored among tens of thousands of specimens in the Anthropology Collection of the Hungarian Museum of Natural History, while the skull continued to be curated in the Aurel Torok Collection at ELTE.

Reopening the Case With Modern Science

In 2018, a new international research consortium was formed under the leadership of Tamas Hajdu (Department of Biological Anthropology, ELTE TTK). The group included anthropologists, geneticists, an archaeologist, an archaeobotanist, stable isotope specialists, radiocarbon experts, and dentists. Their objective was to verify the identity of the remains using modern forensic and bioarchaeological methods and to reconstruct as fully as possible the life and death of the duke.




The find holds exceptional historical value. Besides King Bela III, Bela of Macso is the only confirmed member of the House of Arpad whose nearly complete skeleton is still preserved. This provides rare insight into both the genetic heritage of the Arpad dynasty and the Rurik line. Researchers from Vienna, Bologna, Helsinki, Harvard University, and multiple Hungarian institutions participated in the project.

Biological Profile and Diet Insights

Anthropological analysis showed that the man buried beneath the monastery floor on Margaret Island was in his early twenties. Radiocarbon dating was performed by two laboratories to ensure accuracy after early 14C measurements suggested a date slightly earlier than expected (second half of the 13th century). Additional tests by the Nuclear Research Institute (Debrecen) revealed that the unexpectedly early date was caused by dietary habits. The individual had consumed high amounts of animal protein, including fish and possibly shellfish that fed on ancient carbon sources, creating a known "reservoir" effect in the bones.

The team also examined dental calculus to further reconstruct his diet. More than a thousand microfossils were recovered from the tartar. Starch grains from wheat and barley, along with clear signs of milling, cooking, and baking, indicated that his meals included cooked wheat semolina and baked wheat bread.

Strontium isotope analysis, which helps determine where a person lived during different stages of life, showed that the individual did not grow up in the same place where he was buried. His early childhood isotope signatures match those found in the region of Vukovar and Syrmia (now part of Croatia and Serbia; earlier this region was a part of the Macso Banat of the Medieval Kingdom of Hungary), as well as other parts of the Carpathian Basin. Later in childhood he moved to a different area, possibly near modern Budapest.

Genetic Evidence Links the Skeleton to Royal Lineages

The final confirmation of identity was carried out at the Institute of Archaeogenomics of ELTE RCH by Anna Szecsenyi-Nagy and Noemi Borbely. Multiple lines of genetic evidence supported the genealogical connections described in historical documents. The results show that Bela of Macso was the great-grandson (fourth-degree descendant) of King Bela III, and his genetic distance to Saint Ladislaus fits this expected lineage pattern.




Genome-wide analysis revealed that the duke had a strong Scandinavian genetic component (almost half), significant Eastern Mediterranean ancestry, and a smaller early medieval Central European component. The Scandinavian contribution supports his descent from the Rurik dynasty, while the Eastern Mediterranean component may correspond to his maternal grandmother, Maria Laskarina, a member of the Byzantine imperial family and wife of Bela IV. Y-chromosome results also confirm the historically documented Rurik paternal line. A 2023 Russian archaeogenomic study showed that a 13th-century Rurikid (Dmitry Alexandrovich) belonged to the same paternal lineage, which can be traced back to Yaroslav I (Yaroslav Vladimirovich, also known as Yaroslav the Wise). Genetic data from present-day Rurikid descendants further reinforces this connection.

Reconstructing a Coordinated and Brutal Assassination

To understand how Bela died and to compare the evidence with medieval accounts, the team conducted a detailed forensic anthropological investigation. The analysis documented 26 perimortem injuries, including nine to the skull and 17 to the rest of the body, all inflicted during a single violent attack. The pattern of wounds suggests that three assailants took part: one confronted him from the front while the others struck from the left and right.

The wounds show that Bela recognized the attack and tried to defend himself. Two types of weapons were likely used, probably a sabre and a longsword. The depth and clarity of the cuts indicate that he wore no armor when he was killed. The reconstructed sequence of violence begins with strikes to the head and upper body, followed by severe defensive injuries as he attempted to block further blows. He was ultimately incapacitated by strikes from the side, and once he fell to the ground, the attackers delivered fatal blows to his head and face. The number and intensity of these injuries point to strong emotional motivation (e.g. sudden anger, hatred), while the coordinated nature of the attack suggests planning. Although Duke Bela's assassination in November 1272 appears to have been partly or wholly premeditated, the manner of the killing indicates that it was not carried out calmly.

Researchers and institutions participating in the research project:
    	Tamas Hajdu coordinator of the project, first author: Department of Biological Anthropology at ELTE, Budapest and Centre for Applied Bioanthropology, Institute for Anthropological Research, Zagreb, Croatia
    	Noemi Borbely, corresponding author: Institute of Archaeogenomics, ELTE RCH, Budapest and Doctoral School of Biology at ELTE
    	Zsolt Bernert and Agota Buzar: Hungarian Natural History Museum, Budapest
    	Tamas Szeniczey: Department of Biological Anthropology at ELTE, Budapest
    	Istvan Major, Mihaly Molnar, Aniko Horvath, Laszlo Palcsu and Zsuzsa Lisztes-Szabo: Isotope Climatology and Environmental Research Centre, HUN-REN Institute for Nuclear Research, Debrecen
    	Zsuzsa Lisztes-Szabo: Department of Botany, Faculty of Science and Technology, University of Debrecen, Debrecen
    	Claudio Cavazzuti: Department of History and Culture, Alma Mater Studiorum, University of Bologna, Bologna, Italy
    	Barna Arpad Kelentey and Janos Angyal: Faculty of Dentistry, University of Debrecen, Debrecen
    	Balazs Gusztav Mende and Kristof Jakab: Institute of Archaeogenomics, ELTE RCH, Budapest
    	Takacs Agoston: Medieval Department, Castle Museum -- Budapest History Museum, Budapest
    	Olivia Cheronet and Ron Pinhasi: Department of Evolutionary Anthropology, University of Vienna, Vienna, Austria.
    	David Emil Reich: Department of Genetics, Harvard Medical School, Boston, USA, Department of Human Evolutionary Biology, Harvard University, Cambridge, USA, Broad Institute of MIT and Harvard, Cambridge, USA es Howard Hughes Medical Institute, Boston, USA
    	Martin Trautmann, correspondig author: Department of Cultures/Archaeology, University of Helsinki, Helsinki, Finland es A und O -- Anthropologie und Osteoarchaologie Praxis fur Bioarchaologie, Munchen
    	Anna Szecsenyi-Nagy, last author: Institute of Archaeogenomics, ELTE RCH, Budapest
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Scientists uncover a massive hidden crater in China that rewrites Earth's recent history | ScienceDaily
A recently uncovered and unusually intact impact crater is offering scientists new insights into how objects from space have struck Earth throughout its history.


						
Researchers from Shanghai and Guangzhou, China, describe their findings in the journal Matter and Radiation at Extremes (AIP Publishing). They identified the feature as the Jinlin crater, a bowl-shaped structure positioned on a hillside and protected within a thick layer of weathered granite.

A Rare and Young Crater in Southern China

The crater lies in Zhaoqing, Guangdong Province, and is one of only about 200 confirmed impact sites on the planet. Its age places it among the youngest known. Soil erosion measurements indicate that it likely formed during the early-to-mid Holocene -- the geological interval that began at the end of the last ice age roughly 11,700 years ago. With a width of 900 meters, it is the largest verified crater from this period -- surpassing Russia's Macha crater, which measures 300 meters and was previously considered the biggest Holocene impact site.

"This discovery shows that the scale of impacts of small extraterrestrial objects on the Earth in the Holocene is far greater than previously recorded," said author Ming Chen.

Clues About the Object That Struck Earth

The team concluded that the object responsible was a meteorite rather than a comet. A cometary collision would have produced a much larger crater, likely at least 10 kilometers across. What remains unknown is whether the meteorite was composed of stone or iron, a distinction that requires further study.




Remarkable Preservation and Shock Features in Quartz

One of the most unexpected aspects of Jinlin is how well it has survived. The area experiences heavy rainfall, strong monsoons, and high humidity, all of which rapidly erode rock. Even so, the crater remains clear and well defined. Inside its granite layers, researchers discovered numerous grains of quartz marked by tiny structures known as planar deformation features. These microscopic signatures are widely recognized by geologists as a hallmark of an impact event.

"On the Earth, the formation of planar deformation features in quartz is only from the intense shockwaves generated by celestial body impacts, and its formation pressure ranges from 10 to 35 gigapascals, which is a shock effect that cannot be produced by any geological process of the Earth itself," said Chen.

Significance for Understanding Earth's Impact History

Although every location on Earth is thought to have had similar chances of being hit by an extraterrestrial object over time, the evidence of past collisions does not survive equally well. Rock types, climate, and erosion patterns vary across the planet, allowing many ancient craters to vanish entirely. The survival of the Jinlin crater therefore provides an unusually clear window into events that shaped the recent geological past.

"The impact crater is a true record of Earth's impact history," said Chen. "The discovery of the Earth impact crater can provide us with a more objective basis for understanding the distribution, geological evolution, and impact history and regulation of small extraterrestrial bodies."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251114041210.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Astronomers spot a rare planet-stripping eruption on a nearby star | ScienceDaily
Astronomers working with the European Space Agency's XMM-Newton observatory and the LOFAR radio telescope have obtained clear evidence of a violent burst of material hurled into space by a distant star. The outflow was strong enough that any nearby planet in its path would likely have its atmosphere stripped away.


						
This burst was identified as a coronal mass ejection (CME), a type of eruption frequently produced by the Sun. During a CME, enormous quantities of charged particles and plasma are pushed outward from the star, filling the surrounding space. These dramatic outbursts drive what we call space weather, influence events such as auroras on Earth, and can gradually erode the atmospheres of neighboring planets.

Scientists had long suspected that other stars generate their own CMEs, yet convincing proof had remained elusive. That gap has now been filled.

"Astronomers have wanted to spot a CME on another star for decades," says Joe Callingham of the Netherlands Institute for Radio Astronomy (ASTRON), author of the new research published in Nature. "Previous findings have inferred that they exist, or hinted at their presence, but haven't actually confirmed that material has definitively escaped out into space. We've now managed to do this for the first time."

A Rare Radio Signal Marks Material Escaping the Star

As a CME pushes outward through the outer layers of a star and into the surrounding region, it generates a shock wave along with a sudden burst of radio waves (a form of light). Joe and his colleagues detected this brief, intense radio signal and traced it to a star located around 130 light-years away.

"This kind of radio signal just wouldn't exist unless material had completely left the star's bubble of powerful magnetism," adds Joe. "In other words: it's caused by a CME."

A Hyperactive Red Dwarf With Planet-Scorching Power




The star producing the eruption is a red dwarf, which is a much cooler, dimmer, and smaller type of star than the Sun. It differs from our Sun in several key ways: it has about half the Sun's mass, it rotates 20 times faster, and its magnetic field is an estimated 300 times stronger. Most planets discovered in the Milky Way orbit stars of this type.

The radio signal was detected with the Low Frequency Array (LOFAR) thanks to new data-processing techniques developed by co-authors Cyril Tasse and Philippe Zarka at the Observatoire de Paris-PSL. The team then relied on ESA's XMM-Newton to measure the star's temperature, rotation, and X-ray brightness. These details were necessary to interpret the radio burst and determine the nature of the eruption.

"We needed the sensitivity and frequency of LOFAR to detect the radio waves," says co-author David Konijn, a PhD student working with Joe at ASTRON. "And without XMM-Newton, we wouldn't have been able to determine the CME's motion or put it in a solar context, both crucial for proving what we'd found. Neither telescope alone would have been enough -- we needed both."

Their measurements revealed that the CME was traveling at roughly 2400 km per second. CMEs that fast occur in only about 1 out of every 2000 events on the Sun. The burst was also dense and energetic enough that any planet orbiting close to this star could have its atmosphere entirely stripped away.

Implications for Life Around Red Dwarfs

The ability of such a CME to remove atmospheres is an important factor in the search for life beyond the Solar System. A planet's habitability is often tied to whether it falls within its star's 'habitable zone', where liquid water can persist on the surface of a planet with the right atmospheric conditions. The concept is similar to the Goldilocks idea: too close is too hot, too far is too cold, and the middle region is potentially just right.




However, a star that frequently unleashes strong eruptions and extreme space weather may rob even a well-positioned planet of its atmosphere. A world exposed to repeated high-energy CMEs could be reduced to bare rock, even if it orbits at a distance normally considered favorable for life.

"This work opens up a new observational frontier for studying and understanding eruptions and space weather around other stars," adds Henrik Eklund, an ESA research fellow based at the European Space Research and Technology Centre (ESTEC) in Noordwijk, The Netherlands.

"We're no longer limited to extrapolating our understanding of the Sun's CMEs to other stars. It seems that intense space weather may be even more extreme around smaller stars -- the primary hosts of potentially habitable exoplanets. This has important implications for how these planets keep hold of their atmospheres and possibly remain habitable over time."

Expanding the Study of Extreme Space Weather

This discovery also deepens our knowledge of space weather more broadly, an area long studied by ESA through missions including SOHO, the Proba series, Swarm, and Solar Orbiter.

XMM-Newton remains a key observatory for examining high-energy environments throughout the Universe. Since its launch in 1999, it has explored galactic cores, studied stellar evolution, investigated regions around black holes, and observed bursts of intense radiation from distant stars and galaxies.

"XMM-Newton is now helping us discover how CMEs vary by star, something that's not only interesting in our study of stars and our Sun, but also our hunt for habitable worlds around other stars," says ESA XMM-Newton Project Scientist Erik Kuulkers. "It also demonstrates the immense power of collaboration, which underpins all successful science. The discovery was a true team effort, and resolves the decades-long search for CMEs beyond the Sun."
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55-million-year-old fossils reveal bizarre crocs that dropped from trees | ScienceDaily
The oldest known crocodile eggshells ever identified in Australia are giving UNSW researchers fresh insight into long vanished animals and the environments they depended on. These remains come from creatures that lived millions of years before the continent separated from the landmasses that became Antarctica and South America.


						
In the small southeast QLD town of Murgon, scientists have spent decades excavating what appears to be an ordinary clay pit in a local grazier's backyard. Beneath the surface sits one of Australia's earliest fossil-bearing locations, a site that provides a rare look into a time when the continent was still part of a much larger supercontinent.

An international research group led by the Institut Catala de Paleontologia Miquel Crusafont (ICP), working with UNSW Sydney, has now identified these ancient crocodilian eggshells. The team confirmed they are the oldest ever recovered in Australia.

The fragments have been formally named Wakkaoolithus godthelpi. They once came from mekosuchine crocodiles, an extinct group that dominated waterways about 55 million years ago. Australia's modern freshwater and saltwater crocodiles only appeared far later, roughly 3.8 million years ago.

"These eggshells have given us a glimpse of the intimate life history of mekosuchines," says the study's, opens in a new window lead author Xavier Panades i Blas. "We can now investigate not only the strange anatomy of these crocs, but also how they reproduced and adapted to changing environments."

Unusual Behaviors in Ancient Mekosuchine Crocodiles

Unlike today's crocodiles, mekosuchines occupied a surprising range of ecological roles.




"It's a bizarre idea," says UNSW paleontologist Professor Michael Archer. "But some of them appear to have been terrestrial hunters in the forests."

Evidence from younger mekosuchine fossils supports this interpretation. These fossils were found in 25-million-year-old deposits at the Riversleigh World Heritage Area in Boodjamulla National Park on Waanyi country in northwestern QLD.

Some river-dwelling species at Riversleigh reached lengths of at least five meters. Prof. Archer says some were likely semi-arboreal as well.

"Some were also apparently at least partly semi-arboreal 'drop crocs'," he says. "They were perhaps hunting like leopards -- dropping out of trees on any unsuspecting thing they fancied for dinner."

Eggshells as a Tool for Reconstructing Ancient Environments

Panades i Blas highlights the scientific value of eggshells in reconstructing ancient life.




"They preserve microstructural and geochemical signals that tell us not only what kinds of animals laid them, but also where they nested and how they bred," he says. "Our study shows just how powerful these fragments can be. Eggshells should be a routine, standard component of paleontological research -- collected, curated and analyzed alongside bones and teeth."

The Murgon samples were studied using both optical and electron microscopes. The eggshell microstructure indicates that these crocodiles likely nested along the edges of a lake and adjusted their reproductive strategies as conditions shifted over time.

Coauthor Dr. Michael Stein suggests that mekosuchines may have lost much of their inland habitat as the region dried. They would have been pushed into smaller waterways, where they had to compete with newly arrived crocodiles as well as cope with shrinking populations of their megafaunal prey.

Dr. Stein adds that the lake at Murgon was surrounded by dense forest.

"This forest was also home to the world's oldest-known songbirds, Australia's earliest frogs and snakes, a wide range of small mammals with South American links, as well as one of the world's oldest known bats," he says.

A Fossil Site That Continues to Reshape Australia's Early History

Prof. Archer describes the Tingamarra deposit at Murgon as part of a far larger scientific story, revealing details about life before Australia became isolated.

He recalls uncovering an unusual crocodilian jaw fragment in 1975 in the Texas Caves of southeastern Queensland. Although it is now known to belong to a mekosuchine crocodile, the specimen initially confused him.

The jawbone looked reptilian but had teeth resembling those of dinosaurs. Seeking clarity, he brought the fossil to Professor Max Hecht, a reptile expert at the American Museum of Natural History.

"When he saw it, Max nearly dropped his coffee cup," Prof. Archer says. "It closely resembled another kind of extinct croc with dinosaur-type teeth that had been found in South America. That was the first realization that crocodiles with teeth like this were also part of the older record in Australia."

Prof. Archer notes that he and his team have been working in Murgon since 1983, often literally digging in the backyard of enthusiastic residents.

"That year, UNSW colleague Henk Godhelp and I drove to Murgon, parked the car on the side of the road, grabbed our shovels, knocked on the door and asked if we could dig up their backyard," he says.

After explaining the potential prehistoric material beneath the sheep paddock and mentioning that fossil turtle shells had already been found nearby, the property owners eagerly agreed.

"From subsequent excavations, that's where the eggshell pieces came from. And, quite clearly, from the many fascinating animals that we've already found in this deposit since 1983, we know that with more digging there will be a lot more surprises to come."

How Fossils Help Guide Modern Conservation

For Prof. Archer, these discoveries serve a dual purpose. They illuminate Australia's ancient past -- and they can also inform strategies to protect vulnerable species facing rapid environmental change today.

He has been part of a multi-institutional effort known as the 'Burramys Project', which aims to rescue the Mountain Pygmy-possum (Burramys parvus) from the brink of extinction.

This alpine species is under severe pressure from climate change. The team found that its ancient relatives thrived for nearly 25 million years in lowland temperate rainforests, including those that once covered the Riversleigh region between 25 and 12 million years ago.

From this evidence, researchers concluded that the ancestors of modern Mountain Pygmy-possums probably followed rainforest habitats uphill during a warm and wet phase in the Pleistocene Epoch. When the alpine climate eventually cooled, the species developed survival strategies such as hibernation.

A few years ago, Prof. Archer's group collaborated with Trevor Evans of Secret Creek Sanctuary and received support from multiple organizations, including the Prague Zoo in the Czech Republic, to establish a breeding program in non-alpine rainforest near Lithgow.

Today, the Mountain Pygmy-possum population is thriving in that environment -- consistent with predictions drawn from the fossil record.

As climate change threatens more species, Prof. Archer says these findings show that not every story ends in decline.

"The Burramys Project is a demonstration that, at least in some cases, we can develop strategies to save endangered species," he says. "Clues from fossil records matter," he says. "Not just to understand the past, but also to help secure the future."

The newly named croc species, Wakkaoolithus godthelpi, honors the Wakka Wakka First Nations people whose Country includes the fossil site. The name also recognizes Henk Godthelp, a longtime member of the UNSW paleontology team alongside Prof. Archer, Professor Sue Hand and many other researchers and students.
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Breakthrough shows light can move atoms in 2D semiconductors | ScienceDaily
Researchers at Rice University have found that certain atom-thin semiconductors, known as transition metal dichalcogenides (TMDs), can physically shift their atomic lattice when exposed to light. This newly observed response offers a controllable way to tune the behavior and properties of these ultrathin materials.


						
The phenomenon appears in a subtype of TMDs called Janus materials, named for the Roman god associated with transitions. Their light sensitivity could support future technologies that rely on optical signals instead of electrical currents, including faster and cooler computer chips, highly responsive sensors and flexible optoelectronic systems.

"In nonlinear optics, light can be reshaped to create new colors, faster pulses or optical switches that turn signals on and off," said Kunyan Zhang, a Rice doctoral alumna and first author of the study. "Two-dimensional materials, which are only a few atoms thick, make it possible to build these optical tools on a very small scale."

What Makes Janus Materials Different

TMDs are built from stacked layers of a transition metal such as molybdenum and two layers of a chalcogen element like sulfur or selenium. Their blend of conductivity, strong light absorption and mechanical flexibility has made them key candidates for next-generation electronic and optical devices.

Within this group, Janus materials stand apart because their top and bottom atomic layers are composed of different chemical elements, giving them an asymmetric structure. This imbalance produces a built-in electrical polarity and increases their sensitivity to light and external forces.

"Our work explores how the structure of Janus materials affects their optical behavior and how light itself can generate a force in the materials," Zhang said.




Detecting Atomic Motion With Laser Light

To investigate this behavior, the team used laser beams of various colors on a two-layer Janus TMD material composed of molybdenum sulfur selenide stacked on molybdenum disulfide. They examined how it alters light through second harmonic generation (SHG), a process in which the material emits light at twice the frequency of the incoming beam. When the incoming laser matched the material's natural resonances, the usual SHG pattern became distorted, revealing that the atoms were shifting.

"We discovered that shining light on Janus molybdenum sulfur selenide and molybdenum disulfide creates tiny, directional forces inside the material, which show up as changes in its SHG pattern," Zhang said. "Normally, the SHG signal forms a six-pointed 'flower' shape that mirrors the crystal's symmetry. But when light pushes on the atoms, this symmetry breaks -- the petals of the pattern shrink unevenly."

Optostriction and Layer Coupling

The researchers traced the SHG distortion to optostriction, a process in which the electromagnetic field of light applies a mechanical force on atoms. In Janus materials, the strong coupling between layers magnifies this effect, allowing even extremely small forces to produce measurable strain.

"Janus materials are ideal for this because their uneven composition creates an enhanced coupling between layers, which makes them more sensitive to light's tiny forces -- forces so small that it is difficult to measure directly, but we can detect them through changes in the SHG signal pattern," Zhang said.




Potential for Future Optical Technologies

This high sensitivity suggests that Janus materials could become valuable components in a wide range of optical technologies. Devices that guide or control light using this mechanism may lead to faster, more energy-efficient photonic chips, since light-based circuits produce less heat than traditional electronics. Similar properties could be used to build finely tuned sensors that detect extremely small vibrations or pressure shifts, or to develop adjustable light sources for advanced displays and imaging systems.

"Such active control could help design next-generation photonic chips, ultrasensitive detectors or quantum light sources -- technologies that use light to carry and process information instead of relying on electricity," said Shengxi Huang, associate professor of electrical and computer engineering and materials science and nanoengineering at Rice and a corresponding author of the study. Huang is also affiliated with the Smalley-Curl Institute, the Rice Advanced Materials Institute and the Ken Kennedy Institute.

Small Structural Imbalances With Big Impact

By demonstrating how the internal asymmetry of Janus TMDs creates new ways to influence the flow of light, the study shows that tiny structural differences can unlock significant technological opportunities.

The research was supported by the National Science Foundation (2246564, 1943895), the Air Force Office of Scientific Research (FA9550-22-1-0408), the Welch Foundation (C-2144), the U.S. Department of Energy (DE-SC0020042, DE-AC02-05CH11231), the U.S. Air Force Office of Scientific Research (FA2386-24-1-4049) and the Taiwan Ministry of Education. The content of this article is solely the responsibility of the authors and does not necessarily represent the official views of funding organizations and institutions.
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Scientists uncover hidden atomic process that supercharges propylene production | ScienceDaily
Many familiar items, from plastic squeeze bottles to outdoor furniture, rely on a process that converts propane into propylene. In 2021, a study in Science showed that chemists could use tandem nanoscale catalysts to merge several steps of this conversion into a single reaction -- an approach that increases yield and reduces costs. However, the underlying atomic activity remained unclear, which made it difficult to adapt this strategy to other important industrial reactions.


						
New Algorithms Reveal Hidden Atomic Behavior

Researchers at the University of Rochester created algorithms capable of identifying the atomic features that control the complicated chemistry occurring as nanoscale catalysts transform propane into propylene. Their study, published in the Journal of the American Chemical Society, explores these detailed interactions, which are made even more complex because the materials involved shift between multiple states.

"There are so many different possibilities of what's happening at the catalytic active sites, so we need an algorithmic approach to very easily yet logically screen through the large amount of possibilities that exist and focus on the most important ones," says Siddharth Deshpande, an assistant professor in the Department of Chemical and Sustainability Engineering. "We refined our algorithms and used them to do a very detailed analysis of the metallic phase and oxide phase driving this very complex reaction."

Unexpected Oxide Behavior and Catalyst Stability

Deshpande and his chemical engineering PhD student Snehitha Srirangam uncovered several unexpected patterns during their investigation. They found that the oxide in the reaction tended to form around defective metal sites in a highly selective way, a feature that played an essential role in stabilizing the catalyst. Even though the oxide can appear in various chemical compositions, it consistently remained positioned around the defective metal sites.

Broader Potential for Industrial Chemistry

According to Deshpande, these findings and the algorithmic tools used to obtain them can help researchers probe the atomic structure of other reactions, including methanol synthesis used in products that range from paints to fuel cells. Over time, he believes this insight could guide companies toward more efficient methods of producing propylene and other industrial materials while reducing their dependence on trial-and-error approaches that have dominated the field for decades.

"Our approach is very general and can open the doors to understand many of these processes that have remained an enigma for decades," says Deshpande. "We know these processes work, and we produce tons of these chemicals, but we have much to learn about why exactly they're working."
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        Scientists grow a tiny human "blood factory" that actually works
        Researchers have recreated a miniature human bone marrow system that mirrors the real structure found inside our bones. The model includes the full mix of cells and signals needed for blood production and even maintains this process for weeks. It could transform how scientists study blood cancers and test new drugs. In the future, it may support more personalized treatment strategies.

      

      
        Scientists reawaken exhausted T cells to supercharge cancer immunity
        Researchers discovered a way to keep T cells from wearing out during the fight against cancer, and the approach could make immune-based treatments far more powerful. They found that tumors use a particular molecular signal to weaken T cells, and that interrupting this signal helps the cells stay active.

      

      
        Blocking a single protein forces cancer cells to self-destruct
        Researchers uncovered a powerful weakness in lung cancer by shutting down a protein that helps tumors survive stress. When this protein, FSP1, was blocked, lung tumors in mice shrank dramatically, with many cancer cells essentially triggering their own self-destruct mode. The work points to a fresh strategy for targeting stubborn lung cancers.

      

      
        Simple molecule shows remarkable Alzheimer's reversal in rats
        Scientists have developed a new molecule that breaks down beta-amyloid plaques by binding to excess copper in the brain. The treatment restored memory and reduced inflammation in rats, while also proving non-toxic and able to cross the blood-brain barrier. Because it's far simpler and potentially cheaper than existing drugs, researchers are now pursuing partnerships to begin human trials.

      

      
        Inflammation turns bone marrow into a breeding ground for disease
        Researchers discovered that chronic inflammation fundamentally remodels the bone marrow, allowing mutated stem cell clones to quietly gain dominance with age. Reprogrammed stromal cells and interferon-responsive T cells create a self-sustaining inflammatory loop that weakens blood production. Surprisingly, the mutant cells themselves may not be the main instigators.

      

      
        Everyday microplastics could be fueling heart disease
        Microplastics--tiny particles now found in food, water, air, and even human tissues--may directly accelerate artery-clogging disease, and new research shows the danger may be far greater for males. In mice, environmentally realistic doses of microplastics dramatically worsened plaque buildup, altered key vascular cells, and activated harmful genes linked to inflammation and atherosclerosis, all without changes to weight or cholesterol.

      

      
        New antibody breakthrough could finally slow polycystic kidney disease
        A specially engineered antibody that can infiltrate kidney cysts has shown the ability to block key growth signals driving polycystic kidney disease. Early mouse studies suggest it may halt or even reverse cyst expansion without harming healthy tissue.

      

      
        How to keep Ozempic/Wegovy weight loss without the nausea
        Scientists are uncovering how GLP-1 drugs like Ozempic and Wegovy act on brain regions that control hunger, nausea, pleasure-based eating, and thirst. These discoveries may help create treatments that keep the benefits of weight loss while reducing unwanted side effects.

      

      
        Nearly 47 million Americans live near hidden fossil fuel sites
        A nationwide analysis has uncovered how sprawling fossil fuel infrastructure sits surprisingly close to millions of American homes. The research shows that 46.6 million people live within about a mile of wells, refineries, pipelines, storage sites, or transport facilities. Many of these locations release pollutants that may affect nearby communities, yet mid-supply-chain sites have rarely been studied. The findings reveal major gaps in understanding how this hidden network affects health.

      

      
        Supercomputer creates the most realistic virtual brain ever
        Researchers have created one of the most detailed virtual mouse cortex simulations ever achieved by combining massive biological datasets with the extraordinary power of Japan's Fugaku supercomputer. The digital brain behaves like a living system, complete with millions of neurons and tens of billions of synapses, giving scientists the ability to watch diseases like Alzheimer's or epilepsy unfold step by step. The project opens a new path for studying brain function, tracking how damage spreads a...

      

      
        Blocking one enzyme may break the link between alcohol and liver disease
        Scientists discovered that alcohol activates a sugar-producing pathway in the body, creating fructose that may reinforce addictive drinking. The enzyme responsible, KHK, appears to drive both alcohol cravings and liver injury. When this enzyme was blocked in mice, their drinking decreased and their livers showed far less damage.

      

      
        Amazon scorpion venom shows stunning power against breast cancer
        Scientists are turning venom, radioisotopes, engineered proteins, and AI into powerful new tools against cancer. From Amazonian scorpions yielding molecules that kill breast cancer cells as effectively as chemotherapy, to improved fibrin sealants and custom-grown bioactive factors, researchers are pushing biotechnology into uncharted territory. Parallel teams are advancing radiotheranostics that diagnose and destroy tumors with precision, while others forge experimental vaccines that train the im...

      

      
        A surprising CBD advance calms pain without side effects
        Researchers developed a new nano-micelle formulation, CBD-IN, that finally gets CBD into the brain effectively. In mice, it relieved neuropathic pain quickly and didn't cause the usual movement or memory side effects. Surprisingly, the pain relief didn't use typical cannabinoid receptors, instead calming abnormal nerve activity more directly. The findings hint at new avenues for treating chronic pain and neurological diseases.

      

      
        Scientists discover metformin may block key exercise benefits
        Rutgers scientists found that metformin can blunt many of the metabolic and cardiovascular improvements normally produced by exercise. Participants who took the drug saw reduced gains in fitness, blood vessel function, and glucose control. The interference may stem from how metformin affects mitochondrial activity.

      

      
        A silent kidney crisis is spreading faster than anyone expected
        Chronic kidney disease has surged to nearly 800 million cases and is now among the top causes of death worldwide. The condition is heavily linked to diabetes, hypertension, and obesity, and often goes unnoticed until late stages. Many countries lack access to dialysis and transplants, leaving millions without adequate care.

      

      
        Chronic pain may dramatically raise your blood pressure
        Chronic pain might quietly push people toward developing high blood pressure--and the more widespread the pain, the greater the danger. A massive analysis of over 200,000 adults uncovered strong links between long-lasting pain, depression, inflammation, and rising hypertension risk.

      

      
        CRISPR unlocks a new way to defeat resistant lung cancer
        Scientists used CRISPR to disable the NRF2 gene, restoring chemotherapy sensitivity in lung cancer cells and slowing tumor growth. The technique worked even when only a fraction of tumor cells were edited, making it practical for real-world treatment. Since NRF2 fuels resistance in several cancers, the approach could have broad impact.

      

      
        A tiny ancient virus reveals secrets that could help fight superbugs
        Scientists mapped the Bas63 bacteriophage in unprecedented detail, uncovering how its tail machinery infects bacteria. The structure reveals rare whisker-collar features and distant evolutionary ties reaching back billions of years. These insights could guide new phage therapies and innovations in medicine, agriculture, and industry.

      

      
        New DNA test predicts dangerous heart rhythms early
        Scientists at Northwestern Medicine have developed a new genetic risk score that predicts who is most likely to experience irregular or dangerous heart rhythms. The test merges several types of genetic analysis into one powerful model, offering doctors a clearer way to spot risk early. Researchers believe this "genetic roadmap" could transform how conditions like AFib are detected and prevented. It may also help shape targeted therapies tailored to a person's unique DNA.

      

      
        "Great Unified Microscope" reveals micro and nano worlds in a single view
        A new dual-light microscope lets researchers observe micro- and nanoscale activity inside living cells without using dyes. The system captures both detailed structures and tiny moving particles at once, providing a more complete view of cellular behavior. Its creators tested it by analyzing changes during cell death and were able to estimate particle size and refractive index. They hope to push the technique toward imaging particles as small as viruses.

      

      
        Animals are developing the same chronic diseases as humans
        Across the planet, animals are increasingly suffering from chronic illnesses once seen only in humans. Cats, dogs, cows, and even marine life are facing rising rates of cancer, diabetes, arthritis, and obesity -- diseases tied to the same factors affecting people: genetics, pollution, poor nutrition, and stress. A new study led by scientists at the Agricultural University of Athens proposes a unified model linking these conditions across species.

      

      
        Melanoma rates are spiking fast in these 15 Pennsylvania counties
        Penn State scientists identified a striking rise in melanoma across several Pennsylvania counties dominated by cropland and herbicide use. The elevated risk persisted even after factoring in sunlight, suggesting an environmental influence beyond the usual expectations. Researchers warn that drifting chemicals may expose nearby residents, not just farm workers.

      

      
        Daily music listening linked to big drop in dementia risk
        Older adults who regularly listen to or play music appear to have significantly lower risks of dementia and cognitive decline. The data suggests that musical engagement could be a powerful, enjoyable tool for supporting cognitive resilience in aging.

      

      
        Scientists uncover a surprising protein that heals stubborn wounds
        Researchers have uncovered that SerpinB3, typically linked to severe cancers, is also a key player in natural wound healing. The protein drives skin cell movement and tissue rebuilding, especially when paired with next-generation biomaterial dressings. Its newfound role explains why cancer cells exploit it and opens the door to new wound-healing therapies.

      

      
        The hidden brain bias that makes some lies so convincing
        People are more likely to believe lies when there's the possibility of a reward. Neuroimaging shows that the brain shifts into reward or risk mode depending on whether the context involves a gain or a loss. Friends show synchronized brain activity that can predict successful deception. Social bonds and incentives can subtly warp how we judge honesty.

      

      
        GLP-1 drugs like Ozempic deliver huge weight loss but new research reveals a hidden catch
        GLP-1 drugs like tirzepatide and semaglutide offer powerful weight-loss effects but come with unanswered questions about long-term safety, side effects, and global accessibility. Researchers stress the need for independent studies before these treatments can be fully embraced worldwide.

      

      
        Ultra-processed foods quietly push young adults toward prediabetes
        Ultra-processed foods, already known for their links to health problems in adults, are now shown to harm young adults too, disrupting blood sugar regulation long before illness appears. A four-year USC study following 85 participants found that even modest increases in UPF consumption drove up the risk of prediabetes and insulin resistance, two early markers that pave the way for type 2 diabetes.

      

      
        Smoking cannabis with tobacco may disrupt the brain's "bliss molecule"
        Scientists found that people who use both cannabis and tobacco show a distinct brain pattern tied to mood and stress regulation. Their scans revealed higher levels of an enzyme that reduces a natural feel-good molecule in the brain. This imbalance may help explain why co-users experience more anxiety and struggle more when quitting.

      

      
        Scientists find a surprising link between lead and human evolution
        Researchers found that ancient hominids--including early humans--were exposed to lead throughout childhood, leaving chemical traces in fossil teeth. Experiments suggest this exposure may have driven genetic changes that strengthened language-related brain functions in modern humans.

      

      
        Chimps shock scientists by changing their minds with new evidence
        Chimps may revise their beliefs in surprisingly human-like ways. Experiments showed they switched choices when presented with stronger clues, demonstrating flexible reasoning. Computational modeling confirmed these decisions weren't just instinct. The findings could influence how we think about learning in both children and AI.

      

      
        Neuroscientists find immune cells that may slow aging
        A newly recognized set of T helper cells seems to guard against aging by eliminating harmful senescent cells. Their presence in supercentenarians suggests they may be a key to maintaining a healthier, age-balanced immune system.

      

      
        Scientists melt early protein clumps and shut down Alzheimer's damage
        Researchers found that tau proteins don't jump straight into forming Alzheimer's-associated fibrils--first they assemble into soft, reversible clusters. When the clusters were dissolved, fibril growth was almost entirely suppressed. This reveals a promising new strategy: stop the precursors, stop the disease.

      

      
        Scientists reverse kidney damage in mice, hope for humans next
        Researchers uncovered how fatty molecules called ceramides trigger acute kidney injury by damaging the mitochondria that power kidney cells. By altering ceramide metabolism or using a new drug candidate, the team was able to protect mitochondrial function and completely prevent kidney injury in mice.

      

      
        New discovery could help stop diabetes damage at its source
        Scientists identified a small molecule that interrupts a harmful protein pair linked to diabetic inflammation and tissue damage. The compound helped wounds heal faster and reduced organ stress in both Type 1 and Type 2 diabetes models. Unlike typical treatments, it works by blocking damaging signals rather than lowering sugar levels. The results point to a new direction for treating diabetes complications.

      

      
        CRISPR brings back ancient gene that prevents gout and fatty liver
        By reactivating a long-lost gene, researchers were able to lower uric acid levels and stop damaging fat accumulation in human liver models. The breakthrough hints at a future where gout and several metabolic diseases could be prevented at the genetic level.

      

      
        Scientists find a molecule that mimics exercise and slows aging
        Exercise appears to spark a whole-body anti-aging cascade, and scientists have now mapped out how it happens--and how a simple oral compound can mimic it. By following volunteers through rest, intense workouts, and endurance training, researchers found that the kidneys act as the hidden command center, flooding the body with a metabolite called betaine that restores balance, rejuvenates immune cells, and cools inflammation. Even more striking, giving betaine on its own reproduced many benefits of ...

      

      
        Scientists uncover a hidden limit inside human endurance
        Ultra-endurance athletes can push their bodies to extraordinary extremes, but even they run into a hard biological wall. Researchers tracked ultra-runners, cyclists, and triathletes over weeks and months, discovering that no matter how intense the effort, the human body maxes out at about 2.5 times its basal metabolic rate when measured long-term. Short bursts of six or seven times BMR are possible, but the body quickly pulls energy away from other functions to compensate, nudging athletes back t...

      

      
        New prediction breakthrough delivers results shockingly close to reality
        Researchers have created a prediction method that comes startlingly close to real-world results. It works by aiming for strong alignment with actual values rather than simply reducing mistakes. Tests on medical and health data showed it often outperforms classic approaches. The discovery could reshape how scientists make reliable forecasts.
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Scientists grow a tiny human "blood factory" that actually works | ScienceDaily
Our body's "blood factory" is made of highly specialized tissue containing bone cells, nerves, blood vessels and several other cell types. Researchers have now recreated this complex network in the laboratory using only human cells, marking a first in the field. This new system could help reduce the number of animal experiments needed for many types of research.


						
The bone marrow usually operates quietly and goes largely unnoticed. It becomes a focus of attention only when its function falters, such as in blood cancers. In those moments, knowing how blood is normally produced, and what causes that process to break down, becomes essential.

Human Cell Model Offers a New Research Tool

For decades, most studies on bone marrow have relied on animal research or simplified cell systems that cannot fully mimic the human environment. Scientists from the Department of Biomedicine at the University of Basel and University Hospital Basel have now produced a realistic bone marrow model made entirely from human cells. The team, led by Professor Ivan Martin and Dr Andres Garcia Garcia, reports in Cell Stem Cell that this platform may support blood cancer studies, drug testing and possibly future personalized treatments.

Understanding Bone Marrow Niches

Bone marrow contains several specialized microenvironments known as "niches." One niche that plays a central role in creating new blood cells lies near the bone surface and is linked to blood cancer's ability to resist treatment. Called the endosteal niche, it features blood vessels, immune cells, nerves and bone cells. Until now, no human model had managed to include all of these components in a single system.

The researchers have now developed a model that replicates this complexity. Their work began with an artificial bone framework made of hydroxyapatite, a natural mineral found in teeth and bones. They then used human cells that had been reprogrammed into pluripotent stem cells through molecular biology techniques. These stem cells can develop into many different cell types based on the signals present in their environment.




Building a Functional 3D Bone Marrow System

The team introduced these stem cells into the artificial bone scaffold and guided them through controlled developmental steps to produce a diverse range of bone marrow cell types. Their analysis showed that the resulting three-dimensional structure closely matches the human endosteal niche. It is also larger than previous models, measuring eight millimeters in diameter and four millimeters in thickness. Using this model, the researchers were able to maintain human blood cell formation in the laboratory for several weeks.

Potential to Reduce Animal Experiments

"We have learned a great deal about how bone marrow works from mouse studies," says Ivan Martin. "However, our model brings us closer to the biology of the human organism. It could serve as a complement to many animal experiments in the study of blood formation in both healthy and diseased conditions." This goal aligns with the university's broader effort to reduce, refine and replace animal experiments whenever feasible.

The system could also support drug development. "However, for this specific purpose, the size of our bone marrow model might be too large," explains Andres Garcia Garcia. To test many drugs or doses at the same time, the platform would need to be made smaller.

In the future, this approach could help guide personalized treatment decisions for blood cancers. Researchers envision creating patient-specific bone marrow models that allow doctors to test therapies and identify the most effective option for each individual. Further improvements will be necessary before this becomes possible, but the study represents an important early step.
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Scientists reawaken exhausted T cells to supercharge cancer immunity | ScienceDaily
A new study has identified a molecular cue that cancer cells use to exhaust the T cells responsible for destroying them, and the findings show that shutting down this signal may help restore the body's immune defenses. The work, led by researchers at Weill Cornell Medicine and published Nov. 17 in Nature Immunology, reveals that tumors do more than slip past the immune system. They can also alter immune cells in ways that reduce their ability to fight back.


						
"Our dream is to make immune-based therapies available to every patient. To overcome resistance, we must unlock the power of exhausted T cells, reviving them to destroy cancer. This discovery moves us closer to a future where the immune system itself defeats tumors," said the study's co-senior author, Dr. Taha Merghoub, Margaret and Herman Sokol Professor in Oncology Research, and professor of pharmacology at Weill Cornell Medicine.

Why Immunotherapies Sometimes Fall Short

Modern immunotherapies have reshaped cancer treatment by boosting the body's own defense system. However, not all patients benefit, and even those who do may see their response diminish as their T cells become overworked.

"Our findings reveal a completely new way that tumors suppress the immune system," said co-senior author Dr. Jedd Wolchok, the Meyer Director of the Sandra and Edward Meyer Cancer Center, professor of medicine at Weill Cornell and an oncologist at NewYork-Presbyterian/Weill Cornell Medical Center. "By blocking this pathway, we can help exhausted T cells recover their strength and make existing immunotherapies work better for more patients."

How T Cells Lose Their Ability to Fight

T cell exhaustion occurs when the immune system faces long-term infections or persistent tumor activity. Under these conditions, T cells can still recognize harmful cells, yet they stop attacking. "So, they're primed, but they're no longer killing," explained Dr. Merghoub, who is also deputy director of the Meyer Cancer Center and co-director of the Parker Institute of Cancer Immunotherapy at Weill Cornell. He added that although this loss of activity seems harmful, it can prevent uncontrolled inflammation and sepsis.




Earlier studies showed that a surface protein called PD1 contributes to this exhaustion process. Drugs known as checkpoint inhibitors target PD1 and have already proven effective at reviving T cells in cancers such as melanoma.

CD47 Emerges as a Second Immune Brake

The research team set out to determine whether CD47, a molecule found on cancer cells, also plays a role in pushing T cells toward exhaustion. Previous work revealed that tumors use CD47 as a "don't eat me signal" to prevent certain immune cells from ingesting them.

What surprised the scientists was discovering that T cells themselves display CD47. "When T cells are activated, they express CD47. And when they get exhausted, they increase CD47 to very high levels," Dr. Merghoub said.

Experiments showed that mice lacking CD47 had slower tumor growth, suggesting the exhaustion effect came from CD47 on immune cells rather than on cancer cells. In further tests, T cells missing CD47 were more effective against melanoma tumors than T cells that still carried the protein.

Thrombospondin-1 and CD47 Work Together to Exhaust T Cells

The team then investigated how cancer cells might manipulate this process. Their attention turned to thrombospondin-1, a large protein produced by metastatic cancer cells that binds to CD47. When mice were engineered to lack thrombospondin-1, their T cells showed fewer signs of exhaustion.




"That was the real eureka moment," said Dr. Merghoub. "It showed us that CD47 and thrombospondin are clearly key players because eliminating either one gives you the same effect."

Disrupting the Exhaustion Signal With TAX2

To understand the interaction more closely, the researchers used a peptide called TAX2, which was designed to block the connection between CD47 and thrombospondin-1. The results were clear: TAX2 helped maintain T cell activity and slowed tumor progression in mice with melanoma or colorectal cancer.

T cells in treated animals stayed more active, released more immune-boosting cytokines, and were better at entering tumors. TAX2 also enhanced the effectiveness of PD1 immunotherapy in colorectal tumor models.

"We used the TAX2 peptide as a proof-of-concept to confirm that disrupting the crosstalk between TSP-1 and CD47 prevents T cell exhaustion in mice with tumors," said Dr. Chien-Huan (Gil) Weng, an instructor in pharmacology and the study's lead author. "Next, we plan to study both upstream and downstream modulators that regulate the TSP-1:CD47 pathway and develop means to selectively, effectively and safely disrupt this pathway to improve T cell-based cancer immunotherapy."

Toward Stronger, Longer-Lasting Immune Therapies

Blocking this interaction could serve as an effective therapy by itself and may also help sustain tumor-targeting T cells in patients who are at risk of becoming resistant to current immune checkpoint treatments. According to Dr. Merghoub, early experiments in animal models suggest that inhibiting both PD1 and CD47 creates T cells that are significantly better at destroying cancer cells. "We plan to explore this therapeutic angle."

Many Weill Cornell Medicine physicians and scientists collaborate with external organizations to advance scientific research and provide expert guidance. These relationships are disclosed publicly for transparency. Profiles for Dr. Taha Merghoub and Dr. Jedd Wolchok contain details about these affiliations.

This research received support from the National Institutes of Health grant #R01-CA249294; National Cancer Institute, Cancer Center Support Grant P30CA008748; the Department of Defense grants W81XWH-21-1-0101 and W81XWH-20-1-0723; Swim Across America; the Ludwig Institute for Cancer Research; the Ludwig Center for Cancer Immunotherapy at Memorial Sloan Kettering; the Cancer Research Institute; the Parker Institute for Cancer Immunotherapy; and the Breast Cancer Research Foundation grants BCRF-22-176 and BCRF-23-176.
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Blocking a single protein forces cancer cells to self-destruct | ScienceDaily
Researchers at NYU Langone Health have identified how a specific form of cell death linked to the buildup of highly reactive molecules can slow the growth of lung tumors.


						
This type of cell death, known as ferroptosis, originally evolved as a way for the body to clear out cells that become overly stressed. Cancer cells fall into this category, yet over time they have developed ways to block ferroptosis so they can continue multiplying even under damaging conditions.

Blocking FSP1 Dramatically Weakens Lung Tumors

A study published online November 5 in Nature showed that an experimental therapy targeting a protein called ferroptosis suppressor protein 1 (FSP1) significantly reduced tumor growth in mice with lung adenocarcinoma (LUAD). Blocking this protein, which helps cancer cells avoid ferroptosis, shrank tumors by as much as 80%. Lung cancer remains the world's leading cause of cancer-related deaths, and LUAD is the most common form among nonsmokers, accounting for about 40% of cases.

"This first test of a drug that blocks ferroptosis suppression highlights the importance of the process to cancer cell survivaland paves the way for a new treatment strategy," said senior study author Thales Papagiannakopoulos, PhD[GW1], an associate professor in the Department of Pathology[GW2] at the NYU Grossman School of Medicine.

Reactive Molecules and Their Role in Cell Damage

Ferroptosis takes place when iron levels rise inside cells, fueling the production of highly reactive molecules made from oxygen, water, and hydrogen peroxide known as reactive oxygen species (ROS). In small amounts, ROS help cells communicate. In excess, they create oxidative stress, which occurs when ROS add oxygen molecules to vital proteins and DNA, damaging or breaking them apart. ROS can also harm fats that form the outer membranes of cells, contributing to cell death and tissue injury.




Blocking FSP1 Shows Strong Tumor-Suppressing Effects

To investigate how FSP1 affects lung cancer, the research team genetically modified mice so that their lung cancer cells lacked the FSP1 gene. These mice developed smaller tumors due to increased cancer cell death. The researchers also tested icFSP1, a newer drug designed to inhibit FSP1. Mice treated with icFSP1 lived longer and experienced tumor reductions similar to those seen in mice whose cancer cells were engineered to lack FSP1.

The study also found that FSP1 may be a more promising treatment target than another ferroptosis-blocking protein, glutathione peroxidase 4 (GPX4), which has been studied in cancer research for a longer period. The findings suggest that FSP1 is more actively involved in preventing ferroptosis in lung cancer cells while playing a smaller role in normal cell function (which could translate to fewer side effects). Increased levels of FSP1 were also associated with poorer survival rates in human LUAD patients, unlike GPX4.

Future Directions and Ongoing Research

"Our future research will focus on optimizing FSP1 inhibitors and investigating the potential of harnessing ferroptosis as a treatment strategy for other solid tumors, such as pancreatic cancer," said lead study author Katherine Wu, an MD/PhD student working in the Papagiannakopoulos lab. "We aim to translate these findings from the lab into novel clinical therapies for cancer patients."

In addition to Wu and Pagagiannakopoulos, contributors from the Department of Pathology at NYU Langone include co-first author Alec Vaughan, Jozef Bossowski, Yuan Hao, Aikaterini Ziogou, Mari Nakamura, Ray Pillai, Mariana Mancini, Sahith Rajalingam, and Suckwoo Chung. Other study authors include Seon Min Kim, Tae Ha Kim, and Yun Pyo Kang of the College of Pharmacy and Research Institute of Pharmaceutical Sciences at Seoul National University; Mingqi Han and David Shackelford from the Department of Pulmonary and Critical Care Medicine at the David Geffen School of Medicine, University of California Los Angeles; Toshitaka Nakamura and Marcus Conrad of the Institute of Metabolism and Cell Death, Molecular Targets and Therapeutics Center at Helmholtz Munich in Germany; and Lidong Wang and Diane Simeone of the Moores Cancer Center, University of California, San Diego, La Jolla.

The study received funding from National Institutes of Health grants S10RR027926, S10OD032292, R37CA222504, R01CA227649, R01CA283049, R01CA262562, T32GM136542, T32GM136573, and T32GM136542. Additional support was provided by the American Cancer Society Research Scholar Grant (RSG-17-20001-TBE), the Ruth L. Kirschstein Individual Predoctoral National Research Service Award fellowship (F30CA275258), the Deutsche Forschungsgemeinschaft (DFG) (CO 291/7-1 Priority Program SPP 2306 [CO 291/9-1, #461385412; CO 291/10-1, #461507177], the European Research Council under the European Union's Horizon 2020 research and innovation program (grant GA 884754), and the Perlmutter Cancer Center Support Grant P30CA016087.

Papagiannakopoulos received funding from the Pfizer Medical Education Group, Dracen Pharmaceuticals, Kymera Therapeutics, Bristol Myers Squibb, and Agios available under an aCC-BY-NC-ND 4.0 international license. These relationships are being managed in accordance with NYU Langone Health policies.
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Simple molecule shows remarkable Alzheimer's reversal in rats | ScienceDaily
A research team at the Federal University of ABC (UFABC) in Brazil has created a new chemical compound that may offer a promising way to treat Alzheimer's disease. Their work involved a combination of computer-based modeling (in silico), laboratory tests with cell cultures (in vitro), and experiments in animals (in vivo). After obtaining encouraging early results, the scientists are now looking to collaborate with pharmaceutical companies to move toward clinical trials.


						
The compounds, developed with support from FAPESP, are easy to produce and are thought to work by breaking down beta-amyloid plaques that build up in the brains of people with Alzheimer's disease. These plaques form when amyloid peptide fragments accumulate between neurons, triggering inflammation and interfering with communication between brain cells.

Targeting Copper to Break Down Beta-Amyloid Plaques

A study published in ACS Chemical Neuroscience reports that the compounds function as copper chelators. By binding to excess copper found within beta-amyloid plaques, the molecules help degrade these toxic structures and lessen symptoms associated with the disease. Tests in rats showed that the compound reduced memory impairments, improved spatial awareness, and enhanced learning ability. Biochemical analysis also revealed a reversal in the pattern of beta-amyloid plaques.

"About a decade ago, international studies began to point to the influence of copper ions as an aggregator of beta-amyloid plaques. It was discovered that genetic mutations and changes in enzymes that act in the transport of copper in cells could lead to the accumulation of the element in the brain, favoring the aggregation of these plaques. Thus, the regulation of copper homeostasis [balance] has become one of the focuses for the treatment of Alzheimer's," explains Giselle Cerchiaro, a professor at the Center for Natural and Human Sciences at UFABC who coordinated the study.

Designing Molecules That Reach the Brain

Using this understanding, the research team created molecules that can cross the blood-brain barrier and remove copper from beta-amyloid plaques. Ten candidate molecules were developed, and three advanced to testing in rats with induced Alzheimer's disease. One compound showed particularly strong results for both effectiveness and safety.




This work formed the basis of the doctoral thesis of FAPESP scholarship recipient Mariana L. M. Camargo, the master's thesis of Giovana Bertazzo, and the undergraduate research project of Augusto Farias. A team led by Kleber Thiago de Oliveira at the Federal University of Sao Carlos (UFSCar) contributed by synthesizing one of the compounds included in the study.

Improvements in Brain Health and Behavior

In experiments with rats, the compound lowered neuroinflammation and oxidative stress and restored copper balance in the hippocampus, the brain region responsible for memory processing. Treated animals also demonstrated better performance in tasks requiring spatial navigation.

Beyond these behavioral improvements, the compound proved non-toxic in both hippocampal cell cultures and the animals themselves, whose vital signs were closely followed throughout the experiments. Computer models confirmed that the compound can cross the blood-brain barrier and reach the areas most affected by Alzheimer's-related damage.

A Potentially Affordable New Direction for Alzheimer's Care

Alzheimer's disease is a complex and multifaceted neurodegenerative condition with no cure and no clearly defined cause. While an estimated 50 million people worldwide are affected, current treatment options are limited and often provide only partial symptom relief or rely on costly therapies such as monoclonal antibodies.

The findings from UFABC have already resulted in a patent application, and the team hopes to secure industry partnerships to begin clinical trials in humans. "It's an extremely simple, safe, and effective molecule. The compound we've developed is much less expensive than available drugs. Therefore, even if it only works for part of the population, since Alzheimer's disease has multiple causes, it'd represent a huge advance over current options," Cerchiaro celebrates.
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Inflammation turns bone marrow into a breeding ground for disease | ScienceDaily
Every moment, the bone marrow generates millions of fresh blood and immune cells. This nonstop renewal depends on a carefully balanced relationship between hematopoietic stem cells (HSCs), supportive stromal cells, and a network of immune signals.


						
Over the years, this balance becomes vulnerable. Aging, chronic inflammation, or somatic mutations can disrupt communication among these cell groups, reducing normal stem-cell renewal and allowing mutated HSCs to expand unnoticed. This process leads to clonal hematopoiesis of indeterminate potential (CHIP), which appears in about 10 to 20% of adults over 60 and nearly 30% of those over 80.

Although people with CHIP typically have no symptoms, the condition increases the risk of blood cancers by tenfold and doubles the likelihood of cardiovascular disease and early death. Myelodysplastic syndrome (MDS), a related disorder involving clonal HSCs, causes inefficient blood-cell production and gradual failure of the bone marrow. It affects up to 20 in every 100,000 adults over 70, and around 30% of cases advance to acute myeloid leukemia (AML), an aggressive and often fatal cancer.

Despite the seriousness of these disorders, the contribution of the bone marrow microenvironment to their development has remained unclear.

Mapping Hidden Changes in the Bone Marrow Microenvironment

To better understand how mutated HSC clones gain dominance, an international research team co-led by Judith Zaugg from EMBL and University of Basel and Borhane Guezguez from UMC Mainz carried out an extensive molecular and spatial analysis of human bone marrow. The samples came from the BoHemE cohort study in collaboration with Uwe Platzbecker at the National Center for Tumor Diseases (NCT) Dresden.

Using single-cell RNA sequencing, biopsy imaging, proteomics, and co-culture models, the researchers created a detailed map of the bone marrow microenvironment in healthy donors (including those with CHIP) and in patients with MDS. Their analysis revealed an unexpected cellular shift that begins long before clinical signs appear. The team found that a population of inflammatory stromal cells gradually replaces the usual mesenchymal stromal cells (MSC) that support stem-cell function.




"I was surprised to observe such pronounced remodeling of the bone marrow microenvironment already in individuals with CHIP, although the underlying cause-and-effect relationships remain unclear," said Zaugg, co-senior author, EMBL Group Leader, and Professor at Basel University.

Unlike healthy stromal cells, these inflammatory MSCs (iMSC) produce large amounts of interferon-induced cytokines and chemokines. These molecules attract and activate interferon-responsive T cells, which then intensify the inflammatory activity. This creates a feed-forward loop that maintains chronic inflammation, disrupts normal blood formation, and contributes to vascular changes in the marrow.

Identifying What Drives Bone Marrow Inflammation

Interestingly, the researchers did not find signs that mutated hematopoietic cells in MDS directly trigger this inflammatory response. They were able to separate mutated from non-mutated cells using SpliceUp, a computational method developed by co-lead author and EMBL alumnus Maksim Kholmatov in collaboration with Pedro Moura and Eva Hellstrom-Lindberg from Karolinska Institute. SpliceUp identifies mutated cells in single-cell datasets by detecting abnormal RNA-splicing patterns. In MDS, the inflammatory network within the microenvironment becomes dominant and replaces much of the marrow's normal regenerative structure.

"Another striking observation was that MDS stem cells couldn't trigger stromal cells to produce CXCL12, an important signal that triggers blood cells to settle in the bone marrow. This failure may help explain why the bone marrow stops working properly," said Karin Prummel, co-lead author and EMBL postdoc.

"It was quite surprising to see the lack of a direct inflammatory effect that we could attribute to the mutant cells," said Maksim Kholmatov, co-lead author and EMBL alumnus. "However, when viewed in the context of changes in the T cell and stromal compartments, it underlines the importance of the bone marrow microenvironment in shaping disease progression."

Inflammation as an Early Driver of Blood Disease




These findings indicate that inflammation plays a central role in the earliest phases of disease and highlight the bone marrow microenvironment (also called the bone marrow niche) as a key therapeutic focus. By directing attention to the ecosystem that supports mutated stem cells rather than the mutated cells alone, the research points to new opportunities for early treatment and prevention.

Anti-inflammatory drugs or therapies that adjust interferon signaling may help preserve marrow function in older adults with CHIP. Combining targeted treatments with therapies that act on the microenvironment could slow or prevent the transition from CHIP to MDS or AML. The specific molecular features of iMSCs and interferon-responsive T cells may also serve as early biomarkers for people at elevated risk.

"Our findings reveal that the bone marrow microenvironment actively shapes the earliest stages of malignant evolution," said Guezguez, Principal Investigator in the Department of Hematology at UMC Mainz and co-senior author. "As advances in molecular profiling allow us to detect pre-leukemic states years before clinical onset, understanding how stromal and immune cells interact provides a foundation for preventive therapies that intercept disease progression before leukemia develops."

Inflammaging and the Wider Impact on Age-Related Disease

Beyond blood disorders, the results contribute to a broader understanding of 'inflammaging', the low-level, chronic inflammation that supports many age-related conditions, including cancer and cardiovascular and metabolic disease. The bone marrow, once considered only a site of blood production, now appears to be both affected by and responsible for systemic inflammatory aging. By showing how interactions between immune and stromal cells drive these changes, the study offers a model for exploring inflammatory remodeling in other myeloid malignancies and advanced leukemia.

"It will be crucial to study these processes over time; our current findings are based on cross-sectional data," Zaugg said. "This has important implications for therapies that replace malignant cells but leave the bone marrow niche intact, such as blood stem cell transplantation. We are now investigating to what extent the niche retains a 'memory' of disease, which could shape how it responds to new, healthy stem cells."

The work appears alongside a complementary study examining the MDS bone marrow microenvironment, also published in Nature Communications and led by Marc Raaijmakers from Erasmus MC Cancer Institute in Rotterdam. Together, the two studies offer a more complete view of inflammatory remodeling during the early phases of bone marrow disease.

The research involved collaborators from UMC Mainz, University of Basel, University Hospital Dresden, Karolinska Institute Sweden, The Jackson Laboratory USA, Sorbonne University, France, and DKTK partner institutions, including DKFZ and NCT Dresden. Funding came from the DKTK-CHOICE programme, the ERC grant EpiNicheAML to Judith Zaugg, the MCSA-funded ITN ENHPATHY, EMBO, Swiss National Foundation, and the Jose Carreras Leukamie-Stiftung.
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Everyday microplastics could be fueling heart disease | ScienceDaily
A research team at the University of California, Riverside has found that routine exposure to microplastics -- tiny pieces released from packaging, fabrics, and common consumer plastics -- may speed up the formation of atherosclerosis, the artery-narrowing condition associated with heart attacks and strokes. The effect appeared only in male mice, offering new insight into how microplastics may influence cardiovascular health in people.


						
"Our findings fit into a broader pattern seen in cardiovascular research, where males and females often respond differently," said lead researcher Changcheng Zhou, a professor of biomedical sciences in the UCR School of Medicine. "Although the precise mechanism isn't yet known, factors like sex chromosomes and hormones, particularly the protective effects of estrogen, may play a role."

Microplastics Found Throughout the Environment and the Body

Microplastics are found widely in the modern environment, including in food, drinking water, and the air. They have also been detected inside the human body. Recent clinical studies have identified microplastics in atherosclerotic plaques and associated higher concentrations with elevated cardiovascular risk, although it was not clear whether these particles directly cause arterial injury.

"It's nearly impossible to avoid microplastics completely," Zhou said. "Still, the best strategy is to reduce exposure by limiting plastic use in food and water containers, reducing single-use plastics, and avoiding highly-processed foods. There are currently no effective ways to remove microplastics from the body, so minimizing exposure and maintaining overall cardiovascular health -- through diet, exercise, and managing risk factors -- remains essential."

Study Design Using a Heart Disease Mouse Model

In their paper published in Environment International, Zhou and colleagues describe their use of LDLR-deficient mice, a common model for examining atherosclerosis. Both male and female mice were placed on a low-fat, low-cholesterol diet similar to what a lean and healthy person might eat.




The team then administered microplastics daily (10 milligrams per kilogram of body weight) for nine weeks. This amount reflects levels that could realistically be encountered through contaminated food and water.

Microplastics Intensify Plaque Formation in Male Mice

The results showed a sharp increase in atherosclerosis, but only in males. Male mice exposed to microplastics developed 63% more plaque in the aortic root, the segment of the aorta connected to the heart, and 624% more plaque in the brachiocephalic artery, a major vessel branching from the aorta in the upper chest. Female mice exposed to the same conditions did not show significant plaque progression.

The researchers confirmed that microplastics did not cause weight gain or increased cholesterol in either sex. The mice stayed lean, and their lipid profiles remained unchanged, indicating that traditional risk factors such as obesity or high cholesterol did not explain the heightened arterial damage.

Disruption of Artery-Lining Cells

The study also showed that microplastics interfered with the function and makeup of cells lining the arteries. Using single-cell RNA sequencing, which identifies gene activity in individual cells, the researchers observed that microplastics altered several cell types involved in atherosclerosis. Endothelial cells -- the cells that form the inner lining of blood vessels and help regulate inflammation and circulation -- were affected the most.




"We found endothelial cells were the most affected by microplastic exposure," Zhou said. "Since endothelial cells are the first to encounter circulating microplastics, their dysfunction can initiate inflammation and plaque formation."

Microplastics Enter Arterial Plaques and Alter Gene Activity

Fluorescent microplastics used in the study were found inside plaques and concentrated within the endothelial layer, consistent with reports from human samples that have revealed microplastics in arterial lesions.

Another key observation was that microplastics activated harmful gene pathways in endothelial cells from both mice and humans. This included genes associated with pro-atherogenic (plaque-promoting) activity, suggesting that microplastics trigger similar biological responses across species.

"Our study provides some of the strongest evidence so far that microplastics may directly contribute to cardiovascular disease, not just correlate with it," Zhou said. "The surprising sex-specific effect -- harming males but not females -- could help researchers uncover protective factors or mechanisms that differ between men and women."

Future Research on Sex Differences and Microplastic Types

Zhou and his team emphasize that more work is needed to determine why males appear more susceptible. The group plans to investigate whether humans show similar patterns.

"We would like to investigate how different types or sizes of microplastics affect vascular cells," Zhou said. "We will also look into the molecular mechanisms behind endothelial dysfunction and explore how microplastics affect male and female arteries differently. As microplastic pollution continues to rise worldwide, understanding its impacts on human health -- including heart disease -- is becoming more urgent than ever."

Zhou conducted the study with collaborators from UCR, Boston Children's Hospital and Harvard Medical School in Massachusetts, and the University of New Mexico Health Sciences.

The work received partial support from the National Institutes of Health.

The title of the paper is "Microplastic exposure elicits sex-specific atherosclerosis development in lean low-density lipoprotein receptor-deficient mice."
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New antibody breakthrough could finally slow polycystic kidney disease | ScienceDaily
Polycystic kidney disease (PKD) is an inherited disorder in which clusters of fluid-filled cysts gradually develop within the kidneys. As these cysts enlarge and multiply, they damage the surrounding tissue and limit the organs' ability to function. Many people with advanced PKD eventually require dialysis. There is currently no cure.


						
Researchers at UC Santa Barbara are exploring a new therapeutic direction that aims to reach and disrupt the uncontrolled expansion of these cysts by using carefully designed monoclonal antibodies -- lab-made proteins commonly used in immunotherapy.

"The cysts just keep growing endlessly," said UCSB biologist Thomas Weimbs, senior author of the study published in Cell Reports Medicine. "And we want to stop them. So we need to get a drug into these cysts that will make them stop."

This work received partial support from the National Institutes of Health and the U.S. Department of Defense.

Why Current Treatments Fall Short

Interrupting a runaway process There are several small-molecule drugs that show potential for slowing cyst expansion. However, according to Weimbs, the only approved drug that offers some benefit also brings significant side effects and toxicity to nearby kidney tissue. Therapeutic antibodies grown in the lab can be more selective, but the form most commonly produced today, immunoglobulin G (IgG), is too large to enter the cysts.

"They're very successful for cancer therapy," Weimbs said. "But IgG antibodies never cross the cell layers and they can never make it inside the cysts." This limitation is crucial, he added, because the interior of each cyst -- essentially a sealed chamber lined with epithelial cells -- is the location where disease-driving activity occurs.




"Many of the cyst-lining cells actually make growth factors and they secrete them into the cyst fluid," he explained. "And these growth factors then bind back to the same cells or to neighboring cells and continue to stimulate themselves and each other. It's like a never-ending scheme in which the cells just keep activating themselves and other cells in there. Our premise was that if you block either the growth factor or the receptor for the growth factor, you should be able to stop this constant activation of the cells."

A New Antibody Designed to Enter Kidney Cysts

Enter dimeric immunoglobulin A (dIgA), a monoclonal antibody that can cross epithelial membranes. In nature, dIgA is produced as part of the immune system and is released into tears, saliva and mucus as an early defense against pathogens. In a 2015 paper, Weimbs and colleagues proposed that by binding to polymeric immunoglobulin receptors on epithelial cells, dIgA could move in a one-way direction through the membrane and into kidney cysts, allowing it to reach specific receptors involved in the growth cycle.

The new study builds on that earlier hypothesis and demonstrates that this strategy can work by targeting a key driver of cyst development, the cell mesenchymal-epithelial transition (cMET) receptor.

Testing a Cyst-Penetrating Antibody

The research team first modified the antibody by altering the IgG DNA sequence to "give it a different backbone" that converted it into a dIgA antibody. They then verified that the redesigned protein could recognize the intended receptor and proceeded to test it in mouse models. The antibody successfully entered the cysts and remained there.




"The next question was, could it actually block that particular growth factor receptor," Weimbs said. Their findings showed that activity of the cMET receptor decreased, which reduced the signals that encourage cell growth. In addition, the paper reports that the treatment triggered a "dramatic onset of apoptosis (cell death) in cyst epithelial cells, but not in healthy renal tissue" without any noticeable harmful effects.

Looking Ahead to Future Applications

Because the work is still in the preclinical stage, Weimbs emphasized that it will be some time before this approach can be adapted for human treatment. The researchers now face several challenges, including finding partners interested in PKD therapies, accessing technology needed to generate more antibody variants, and identifying additional biological targets that may be suitable for similar strategies.

"In the literature there are dozens of growth factors that have been shown to be active in these cyst fluids," Weimbs said. "So it would be a good idea to compare blocking of several different growth factors and several receptors, maybe side-by-side to see which is the most effective, and see if we can achieve slowing or reversal of the disease with any one of them. We can also combine different antibodies against different receptors at the same time. That would be the next step."

Research in this paper was also conducted by Margaret F. Schimmel (lead author), Bryan C. Bourgeois, Alison K. Spindt, Sage A. Patel, Tiffany Chin, Gavin E. Cornick and Yuqi Lu at UCSB.
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How to keep Ozempic/Wegovy weight loss without the nausea | ScienceDaily
New studies are revealing how medications that act on the glucagon-like peptide-1 (GLP-1) system influence brain networks tied to nausea, thirst, and reward-driven behaviors. GLP-1 drugs include commonly used treatments such as semaglutide (Ozempic, Wegovy), liraglutide (Victoza, Saxenda), and tirzepatide (Mounjaro, Zepbound). These findings will be featured at Neuroscience 2025, the Society for Neuroscience's annual meeting and the largest global event for new research in brain science and health.


						
Medications that work through the GLP-1 system are widely prescribed for type 2 diabetes and obesity. They imitate a natural hormone released in the digestive tract after eating and signal the brain to reduce hunger. Although these drugs are effective, up to 40% of people taking them experience side effects such as nausea and vomiting, which often lead to stopping treatment. Scientists are now examining whether the helpful actions of GLP-1 medications can be separated from the uncomfortable ones, and whether these drugs might have additional therapeutic applications.

Key New Findings Across Brain and Behavior

Today's new findings show that:

Combining low doses of the drug tirzepatide, a "dual agonist" that works, in part, by activating GLP-1 receptors, with the hormone oxytocin results in weight loss without gastrointestinal side effects in obese rats. (James E. Blevins, University of Washington)

Nerve cells in the area postrema -- the brain's vomit center -- are important for both weight loss and nausea in response to GLP-1 drugs in mice. (Warren Yacawych, University of Michigan)

In mice, activation of GLP-1 receptors on cells in the central amygdala activates a newly identified brain circuit that suppresses signals driving pleasure-based eating. (Ali D. Guler, University of Virginia)

GLP-1 receptor agonists suppress thirst as well as appetite, and a region in the forebrain of rats called the median preoptic area appears to be involved in this effect. (Derek Daniels, University at Buffalo)




"Research demonstrates an effect of these medications on the brain beyond treating diabetes and obesity, via mechanisms that are still not fully understood," says Lorenzo Leggio, MD, PhD, a physician-scientist and clinical director of the National Institute on Drug Abuse (NIDA), part of the National Institutes of Health. "GLP-1 therapies appear to have multiple synergistic effects that may be useful for treating chronic diseases with overlapping neural mechanisms, including binge eating disorders and addictive disorders."

This research was funded by national agencies including the National Institutes of Health (NIH), the Department of Veterans Affairs (VA), and private organizations. The authors are solely responsible for the content, which does not necessarily represent the views of NIH or VA. Media credentials are required for full in-person and online access to Neuroscience 2025.

Highlights From the GLP-1 Press Conference
    	GLP-1 medications effectively treat type 2 diabetes and obesity by curbing hunger, but these drugs often cause gastrointestinal side effects like nausea and vomiting, as well as decreases in other motivated behaviors like thirst.
    	Working with rodent models, research demonstrates that GLP-1 drugs affect reward processing in the brain, and ongoing efforts are working to reduce the gastrointestinal side effects of these drugs.

Oxytocin May Enhance Tirzepatide's Weight-Loss Benefits

James E. Blevins, Abstract PSTR033.02
    	Tirzepatide (TZP; Mounjaro(r)) is a dual GLP-1 receptor (GLP-1R)/glucose-dependent insulinotropic polypeptide receptor (GIPR) agonist approved for obesity and type 2 diabetes, but it can also lead to nausea, vomiting, and loss of muscle mass. Oxytocin, a hormone known for its role in social behavior, can reduce bodyweight without causing nausea or vomiting.
    	In this study, obese rats were treated with low doses of TZP combined with oxytocin. Researchers monitored changes in bodyweight and kaolin intake -- a soft clay animals consume when nauseated -- over 28 days.
    	Oxytocin and low-dose TZP each produced a 6-7% reduction in bodyweight when used alone, but the combination nearly doubled the effect to 11%. Food intake and body fat mass decreased without an increase in kaolin consumption, indicating the absence of gastrointestinal discomfort.
    	These findings suggest that pairing oxytocin with lower doses of TZP may promote weight loss while minimizing unpleasant side effects.

Pinpointing the Brain Region Responsible for Both Nausea and Weight Loss

Warren Yacawych, Abstract PSTR083.12
    	GLP-1 receptor agonists reduce hunger and support weight loss through actions in the brain. However, they also frequently cause nausea and vomiting. To understand how these effects are controlled, researchers examined two key brain areas: the nucleus tractus solitarius (NTS) -- involved in satiety -- and the area postrema -- involved in vomiting.
    	Although NTS cells containing GLP-1 receptors naturally help regulate bodyweight, directly targeting this region with GLP-1 receptor agonists did not lead to weight loss. In contrast, targeting the area postrema -- the brain's vomit center -- produced both weight loss and nausea.
    	The results indicate that the area postrema is central to both the beneficial and unpleasant effects of GLP-1 receptor agonists. Separating appetite suppression from nausea will be a major focus for improving these medications.




A Newly Identified Brain Circuit That Dampens Reward-Driven Eating

Ali D. Guler, Abstract PSTR151.06
    	GLP-1 receptor agonists can reduce appetite and bodyweight, but the precise neural pathways behind these effects are still being mapped. Using genetically engineered mice, researchers demonstrated that GLP-1 drugs influence two major brain systems: one that regulates hunger and another that reduces cravings for highly "rewarding" foods.
    	The team studied GLP-1 receptor-expressing cells in the central amygdala. When activated, these cells lowered food intake. They send signals to the ventral tegmental area, which is important for dopamine responses to "rewarding" stimuli.
    	Activation of these central amygdala neurons lowered dopamine activity in this reward circuit, revealing a pathway that connects the amygdala, brainstem, and midbrain. This circuit appears relevant to pleasure-based eating, binge eating, addiction, and other conditions involving reward-related behaviors.

How GLP-1 Drugs Influence Thirst and Hydration Signals

Derek Daniels, Abstract PSTR083.03
    	GLP-1 receptor agonists decrease thirst in addition to reducing food intake. Brattleboro rats, a specific laboratory strain, are especially sensitive to this thirst-suppressing effect.
    	Researchers observed that brain regions involved in thirst -- including the nucleus of the solitary tract and the median preoptic area -- showed significant changes in GLP-1 receptor expression after thirsty Brattleboro rats were rehydrated.
    	These results offer insight into why GLP-1 drugs affect thirst and may guide the development of medications that maintain metabolic benefits without altering hydration behaviors.
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Nearly 47 million Americans live near hidden fossil fuel sites | ScienceDaily
Fossil fuels pollute the air when they are extracted and when they are burned, but the steps between those two points involve far more than familiar scenes of drilling equipment and smoke-filled power plants. These visible operations represent only the beginning and end of a five-stage process that brings fossil fuels from the ground to their final use.


						
Oil and gas move through several additional stages before reaching power facilities. They are refined to remove unwanted materials, stored in specialized facilities, and transported across the country. These activities form a vast mid-supply chain network that stretches across the United States and often operates out of public view.

Millions Live Near Fossil Fuel Infrastructure

A new analysis led by Boston University researchers provides the first nationwide estimate of how many people live close to this infrastructure. Published in Environmental Research Letters, the study finds that 46.6 million people in the contiguous United States live within 1.6 km (roughly a mile) of at least one component of the fossil fuel supply chain. This accounts for 14.1% of the population.

Previous studies have shown that communities near extraction sites and end-use facilities experience higher rates of adverse birth outcomes and asthma, and there is growing interest in potential links to other conditions, including leukemia. However, the health effects of living near facilities in the middle of the supply chain remain far less understood. Some sites in these stages have been found to emit volatile organic compounds and other harmful pollutants.

"This study helps us get a general size of the potential problem, and really starts the process of doing a better job of understanding exactly what the hazards are and how many people are potentially exposed," said Jonathan Buonocore, the paper's first author, an assistant professor of environmental health at BU's School of Public Health (SPH), and core faculty at BU's Institute for Global Sustainability (IGS). "Especially for these more obscure pieces of energy infrastructure, this is the first step to tracking what emissions and stressors those are imposing on the communities."

Where Americans Live Along the Energy Supply Chain

The researchers also examined how exposure varies across different types of infrastructure. Nearly 21 million Americans live near end-use facilities such as power plants. More than 20 million live within a mile of extraction sites, including oil and gas wells. Storage locations, which include peak shaving facilities, underground gas storage sites, and petroleum product terminals, have over 6 million nearby residents. Fewer people reside near refining or transportation facilities. About 9 million people live close to multiple infrastructure types, meaning they are counted in more than one category.




"There is reason to believe that there could be air pollution coming from each of these stages, from consistent pollution, gas leaks, or blowouts, when gas or oil flows from a well uncontrollably," said Mary Willis, the study's senior author, an assistant professor of epidemiology at SPH, and core faculty at IGS. "All of these stages can reasonably impact a range of population health outcomes, yet the basic information of who is even near the infrastructure components has not been examined to date."

Environmental Inequities and Urban Concentration

The study highlights clear disparities in where fossil fuel infrastructure is located. Communities that are predominantly non-white experience higher exposure across all stages of the supply chain, reinforcing findings from previous environmental justice research.

The analysis also shows that proximity is far more common in urban areas. Almost 90% of the people living near end-use, transportation, refining, and storage sites are located in cities.

Looking at individual infrastructure types revealed trends that could guide future policy. A single piece of storage infrastructure has, on average, 2,900 residents living within a mile, while an extraction site typically has only 17. This reflects the fact that extraction sites are more numerous but located in less populated regions, whereas storage facilities are fewer in number but tend to be placed in densely populated areas.

"That means that if a local policymaker in an urban area were to take interest in reducing exposures, they may receive the most impact per piece of infrastructure if they focus on storage," Buonocore said.




A New National Database Makes This Research Possible

This study is the first to use the Energy Infrastructure Exposure Intensity and Equity Indices (EI3) Database for Public Health, introduced by Buonocore and Willis in spring 2024 at the Power & People Symposium. The research team also included Fintan Mooney, Erin Campbell, Brian Sousa, Breanna van Loenen, Patricia Fabian, and Amruta Nori-Sarma.

Before EI3, information on fossil fuel infrastructure was scattered across local, state, and federal databases, and some data sources required payment or special access. With support from an IGS Sustainability Research Grant jointly funded by IGS and SPH, the team combined available data into a single national resource. Their dataset is hosted on Harvard Dataverse. The grant also helped launch the SPH Energy and Health Lab, which Buonocore and Willis co-direct.

"The study really shows that there are big knowledge gaps across the supply chain, in terms of the hazards people are being exposed to, the consequent health impacts, and who is being exposed," Buonocore said. "With a lot of these different types of infrastructure, the hazards have not been fully characterized. Characterizing hazards and understanding who is most heavily exposed should be the first steps of understanding the possible health impacts. This research takes the first steps down that path."

Looking Ahead to Better Policies and Future Research

Although some states and municipalities regulate where fossil fuel operations can take place, many areas still allow infrastructure to be located very close to homes and schools. The team hopes their work will lead to more studies that can support informed policymaking and improve public health. Future research may include detailed monitoring of air, water, noise, and light pollution near facilities, and investigations using new datasets such as Medicaid records or information on specific groups like pregnancy planners.

"We're really the first group thinking about this as an integrated system. By quantifying all of these factors at once, we're potentially able to, down the line, directly compare: what are the health effects of living near an extraction site, compared to living near a storage site?" Willis said. "Having that in one database is the first step to doing any health studies in the future on this integrated system."
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Supercomputer creates the most realistic virtual brain ever | ScienceDaily
Using the strength of one of the fastest supercomputers on the planet, scientists have created one of the most comprehensive and biologically realistic animal brain simulations ever developed. This digital reconstruction of the entire mouse cortex gives researchers a new way to explore brain function by recreating conditions such as Alzheimer's or epilepsy inside a virtual environment. It allows them to track how damage moves through neural circuits and to investigate processes involved in cognition and consciousness. The simulation includes nearly ten million neurons, 26 billion synapses, and 86 connected brain regions, capturing both structure and activity at high resolution.


						
This major accomplishment was enabled by Supercomputer Fugaku, Japan's premier high-performance system capable of performing quadrillions of calculations per second. Scientists from the Allen Institute and Tadashi Yamazaki, Ph.D., at Japan's University of Electro-Communications, partnered with three additional Japanese organizations to lead this work. The full findings will be detailed in a paper scheduled for release at SC25, the top global supercomputing conference taking place in mid-November.

A New Way to Explore Disease and Brain Function

Researchers can use this virtual cortex to study how neurological disorders form, how brain waves contribute to attention, and how seizures move through neural networks. In the past, these kinds of questions required real brain tissue and could only be addressed through individual experiments. With this model, scientists can test many ideas in a digital space. These simulations may offer early clues about how brain disorders begin before symptoms appear and provide a safe way to evaluate potential therapies.

"This shows the door is open. We can run these kinds of brain simulations effectively with enough computing power," said Anton Arkhipov, Ph.D., an investigator at the Allen Institute who worked on the project. "It's a technical milestone giving us confidence that much larger models are not only possible, but achievable with precision and scale."

This collaborative effort brings together deep neuroscience knowledge and the processing power of a world-class machine. The Allen Institute contributed the biological foundation of the virtual brain using data from the Allen Cell Types Database and the Allen Connectivity Atlas, while Fugaku handled the massive computations needed to generate the model.

How Researchers Created the Whole Cortex Simulation

Fugaku, developed by RIKEN and Fujitsu, ranks among the fastest computers ever built and can process more than 400 quadrillion operations every second. To grasp the scale of that number, counting to it at one count per second would take over 12.7 billion years (approximately the age of the universe: 13.8 billion years). The system's name, "Fugaku," refers to Mount Fuji and reflects the machine's far-reaching capability and towering performance.




"Fugaku is used for research in a wide range of computational science fields, such as astronomy, meteorology, and drug discovery, contributing to the resolution of many societal problems," said Yamazaki. "On this occasion, we utilized Fugaku for a neural circuit simulation."

The supercomputer is assembled from many small processing units called nodes. These nodes are organized into units, shelves, and racks, forming a system of 158,976 total nodes that can handle enormous amounts of data and calculations.

From Biological Data to a Living Digital Cortex

Using the Allen Institute's Brain Modeling ToolKit, the team converted biological data into a functioning digital reconstruction of the cortex. To simulate living neuronal behavior, a tool called Neulite transformed mathematical equations into virtual neurons capable of spiking, signaling, and communicating as real neurons do.

Watching the simulation is similar to observing live brain activity. The model reproduces fine details of neuron structure, synapse activity, and electrical signaling across cell membranes. "It's a technical feat, but it's only the first step," said Yamazaki. "God is in the details, so in the biophysically detailed models, I believe."

"Our long-term goal is to build whole-brain models, eventually even human models, using all the biological details our Institute is uncovering," said Arkhipov. "We're now moving from modeling single brain areas to simulating the entire brain of the mouse." With computational systems this powerful, the possibility of a complete, biologically accurate brain model is moving from concept to reality. Scientists are entering a new era in which understanding the brain also means being able to construct one.

This cutting-edge research was made possible by an international team including Laura Green, Ph.D.; Beatriz Herrera, Ph.D.; Kael Dai, B.Sc.; Rin Kuriyama, M.Sc.; and Kaaya Akira, Ph.D.
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Blocking one enzyme may break the link between alcohol and liver disease | ScienceDaily
Scientists have identified an unexpected link between the way the body processes sugar and the development of alcohol addiction. This connection also points to a promising therapeutic target for treating alcohol-associated liver disease (ALD) and alcohol use disorder (AUD).


						
A study published in Nature Metabolism by researchers at the University of Colorado Anschutz reports that alcohol activates a metabolic pathway that causes the body to produce fructose internally. Fructose is the same sugar found in many sweetened foods and drinks. This internal production relies on an enzyme called ketohexokinase (KHK), which appears to strengthen alcohol-seeking behavior while also contributing to liver damage.

Blocking KHK Reduces Drinking and Liver Injury

Experiments in mice showed that animals lacking KHK had a noticeably lower interest in alcohol. They consumed less in voluntary drinking tests, performed differently in reward-based experiments, and showed reduced activity in brain regions associated with addictive behavior.

The study also found that liver injury caused by alcohol did not develop when KHK was disrupted through genetic methods or medication. These mice had less fat buildup, less inflammation, and less scarring in their livers. The findings suggest that limiting fructose metabolism could slow or even prevent the progression of alcohol-related liver disease.

Breaking the Cycle Between Sugar and Alcohol

"Our findings show that alcohol doesn't just damage the liver directly, it hijacks the body's sugar metabolism in a way that enhances drinking behavior and worsens liver injury," said Miguel A. Lanaspa, DVM, PhD, associate research professor at CU Anschutz and senior author. "By targeting fructose metabolism, we may be able to break this cycle and develop new treatments for both alcohol addiction and liver disease."

Because alcohol-associated liver disease and metabolic dysfunction-associated steatotic liver disease (MASLD) rely on similar fructose-driven processes, the researchers suggest that treatments aimed at blocking fructose metabolism could help people with liver disease related to either alcohol or diet.




A Shared Metabolic Pathway for Liver Damage

"This discovery highlights an unexpected intersection between sugar and alcohol metabolism," said Richard Johnson, MD, professor at CU Anschutz and study co-author. "It opens exciting possibilities for developing treatments that target a common pathway underlying both metabolic and alcohol-related liver diseases."

The results offer a promising new direction for tackling alcohol addiction and liver disease, two conditions with limited effective treatment options.
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Amazon scorpion venom shows stunning power against breast cancer | ScienceDaily
The venom of an Amazonian scorpion species may contain a compound capable of helping treat breast cancer, a disease that remains one of the top causes of death among women.


						
Researchers at the University of Sao Paulo's Ribeirao Preto School of Pharmaceutical Sciences (FCFRP-USP) in Brazil have pinpointed a molecule in the toxin of Brotheas amazonicus that appears to attack breast cancer cells in a way similar to a widely used chemotherapy medication.

These early findings were generated through a collaboration with scientists from the National Institute for Amazonian Research (INPA) and the Amazonas State University (UEA), and were presented during FAPESP Week France in the Occitanie region of southern France.

"Through bioprospecting, we were able to identify a molecule in the species of this Amazonian scorpion that is similar to that found in the venoms of other scorpions and that acts against breast cancer cells," said Eliane Candiani Arantes, a professor at FCFRP-USP and the coordinator of the project.

Turning Venom Components Into Biopharmaceutical Tools

Teams at FCFRP-USP and partner institutions have long worked to clone and express bioactive molecules, including proteins from rattlesnake and scorpion venom. These efforts take place within projects supported by FAPESP and connected to the Center for Translational Science and Development of Biopharmaceuticals (CTS), housed at the Center for the Study of Venoms and Venomous Animals (CEVAP) at Sao Paulo State University (UNESP) in Botucatu.

One result of this research is CEVAP's patented fibrin sealant, described as a "biological glue." It is produced from serinoproteinase enzymes extracted from snake venom (including Bothrops neuwiedi pauloensis and Crotalus durissus terrificus) combined with cryoprecipitate enriched with fibrinogen from buffalo, cattle, or sheep.




When applied, these components form a fibrin structure resembling the body's natural clotting and tissue repair processes. The sealant has been investigated for use in nerve repair, bone healing, and restoring movement following spinal cord injury. It is currently undergoing phase three clinical trials, which represent the final evaluation stage required before approval of a new therapy.

Advancing Fibrin Sealant Technology Through Genetic Expression

Recently, researchers cloned and expressed another rattlesnake serine protease known as cholinein-1. Its amino acid sequence differs from gyroxine, a toxin taken directly from rattlesnake venom and used in fibrin sealant production.

"Our idea now is to obtain this serine protease through heterologous expression [in a fragment or complete gene from a host organism that doesn't have it naturally] in Pichia pastoris," Arantes explained.

Using this same yeast species, first isolated in France in 1950, the researchers also plan to produce an endothelial growth factor called CdtVEGF. This molecule was originally identified in the venom of Crotalus durissus terrificus.

"This growth factor favors the formation of new vessels. If we combine it with colinein-1, we can create an improved fibrin sealant compared to the one being developed at CEVAP, with the possibility of expanding the industrial scale, since it can be obtained through heterologous expression," she said.




Through similar genetic expression approaches, the team identified two neurotoxins in scorpion venom with immunosuppressive effects. Working with collaborators at INPA and UEA, they also found a molecule named BamazScplp1 in the venom of Brotheas amazonicus that appears to have anti-tumor potential.

Laboratory tests showed that the peptide's impact on breast cancer cells was comparable to paclitaxel, a commonly prescribed chemotherapy treatment. It primarily triggers necrosis, a form of cell death previously associated with molecules from other scorpion species.

"We also intend to obtain these molecules through heterologous expression," said Arantes.

Developing New Cancer Therapies With Radioisotopes

In Campinas, in the state of Sao Paulo, researchers at a Research, Innovation and Dissemination Center (RIDC) funded by FAPESP -- the Cancer Theranostics Innovation Center (CancerThera) -- are pursuing a different therapeutic strategy. Their goal is to combine diagnosis and targeted treatment in a single approach.

This method originated in Germany and involves attaching various radioisotopes to molecules that target specific tumors. These tagged molecules can then be used in imaging and treatment.

"Depending on the type of radiation emitted by the isotope we attach to the molecule -- whether positron or gamma -- we can produce images of it using the tomography equipment available at CancerThera. When we document that an isotope captures too much of a particular molecule, we can replace it with another that emits more intense radiation locally and thus treat tumors," explained Celso Dario Ramos, a professor at the School of Medical Sciences at the State University of Campinas (FCM-UNICAMP) and one of CancerThera's lead researchers.

One group at the center focuses on identifying molecules that accumulate in different cancers, while the clinical team evaluates how known compounds might be repurposed.

"We've been studying known molecules from hematological cancers, primarily multiple myeloma, as well as other unknown molecules from head and neck cancer, liver cancer, sarcomas, lung cancer, colorectal cancer, and gastric cancer, among others. In addition, we've also been studying thyroid cancer, which has been treated with radioactive material, radioactive iodine, for many years, but some patients are resistant. That's why we're trying to identify another treatment possibility, with a different radioactive material, for these patients," Ramos told Agencia FAPESP.

A Personalized Cancer Vaccine Built From Dendritic Cells

Another experimental strategy is under development at the Biomedical Sciences Institute at the University of Sao Paulo (ICB-USP), where researchers are exploring an immunotherapy based on dendritic cells.

These cells are important components of the immune system, and their functioning is often compromised in cancer patients, explained Jose Alexandre Marzagao Barbuto, a professor at ICB-USP and the project coordinator.

"A few years ago it was discovered that it's possible to take monocytes from the blood cells of cancer patients and turn them into dendritic cells in the laboratory. But the dendritic cells produced in this way are often diverted to induce tolerance."

To address this issue, the team created dendritic cells from healthy donors and fused them with cancer cells from patients, producing a personalized vaccine designed to activate the immune system against the individual's own tumor.

Results from studies involving various cancers, including more recent tests with glioblastoma patients, suggest that this strategy can be effective when the immune response it generates is properly controlled.

"The immune system interprets this vaccine, based on dendritic cells from a healthy donor fused with the patient's tumor cells, as a transplant and reacts violently," said Barbuto. "We did the first studies on patients with melanoma and kidney cancer, and the results were very good, and others with glioblastoma. Now we're hoping to carry out a phase three clinical study."

Using AI to Improve MRI Predictions for Brain Cancer

Researchers at the Cancer University Institute of Toulouse (IUCT-Oncopole) in France are also contributing to the understanding of glioblastoma. Their work investigates whether artificial intelligence applied to magnetic resonance imaging can reliably indicate whether chemotherapy patients have a DNA modification associated with treatment outcomes and survival.

The modification, known as "MGMT promoter region methylation," influences how the MGMT protein is produced and regulated.

"MGMT methylation status is an important prognostic factor, but it requires biopsies that aren't necessarily representative of the entire tumor and can vary in recurrence," said Elizabeth Moyal, a researcher at IUCT-Oncopole and coordinator of the project.

Partnering with computer scientist Ahmed Berjaoui from IRT Saint-Exupery, the team adopted AI techniques originally designed for aerospace applications to help resolve these challenges.

"We've developed a model capable of predicting survival with high accuracy, ranging from 80% to 90%, and which surpasses other existing techniques," said Berjaoui.
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A surprising CBD advance calms pain without side effects | ScienceDaily
Many people use CBD-infused oils and lotions believing they offer an easy and relatively low-risk way to ease discomfort. However, scientists still have a limited understanding of how CBD actually interacts with the nervous system.


						
The popularity of cannabis-based products has risen sharply over the past ten years. One major reason is the 2018 federal decision to remove hemp from the Controlled Substances Act, which allowed hemp-derived CBD to be legally sold and widely distributed. As a result, CBD is now commonly available in oils, creams, and cosmetic items. It is widely accepted that CBD does not cause a 'high', but its effects within the human brain and body remain poorly understood. At this time, the Food and Drug Administration only approves CBD as an additional treatment for certain types of epilepsy, and it advises against its use during pregnancy.

"We need to understand more about this compound, what mechanisms it interacts with in the brain, its impact on the body, and whether it is a potentially safer solution for treating the chronic pain epidemic," said Kuan Hong Wang, PhD, professor of Neuroscience and member of the Del Monte Institute for Neuroscience at the University of Rochester. Working with researchers at Harvard Medical School and Boston Children's Hospital, Wang's lab recently showed in mice that they could deliver CBD directly to the brain to relieve neuropathic pain without producing harmful side effects. These results were published in Cell Chemical Biology.

A New Way to Deliver CBD to the Brain

The main obstacle for researchers was the blood-brain barrier, a protective system that shields the brain from harmful substances. While essential for brain health, this barrier significantly limits how much CBD can enter the brain, especially because CBD does not dissolve well in water. As a result, very little of the CBD taken in its usual oil form reaches the brain.

To address this challenge, staff scientist Jingyu Feng, PhD, the study's first author, helped create a specialized delivery method called inclusion-complex-enhanced nano-micelle formulation, or CBD-IN. This approach encloses CBD molecules within water-soluble nano-micelles, which are considered safe for use in foods and medicines.

Tests in mice showed that CBD-IN triggered pain relief within half an hour. Importantly, the mice did not experience the common side effects often linked to conventional pain medications, such as problems with balance, movement, or memory. "The pain relief also lasted through repeated use," said Feng. "We did not see its effect wear off over time."

How CBD-IN Affects the Nervous System




With the help of imaging tools and genetic mapping, the researchers found that CBD-IN reduces excessive nerve activity in areas of the brain and spinal cord involved in processing touch and pain. This effect only appeared in regions experiencing abnormal activation, such as after a nerve injury. Healthy neurons were unaffected.

Another unexpected result was that CBD-IN did not rely on the well-known cannabinoid receptors (CB1 and CB2) typically involved when THC or other cannabis compounds act in the body. "Instead, CBD-IN seems to influence broader electrical and calcium signaling in nerve cells, offering a new way to control nerve hyperactivity without triggering the 'high' or dependency risks associated with traditional cannabinoids or opioids," Feng said.

Potential for Treating Chronic Pain and Other Brain Disorders

"The broader implication of this research is that nanotechnology can make natural compounds like CBD more effective and precise," said Wang, co-senior author of the study. "By enhancing brain delivery and targeting only disease-related neural overactivity, this strategy could open new doors for treating chronic pain and possibly other neurological disorders, such as epilepsy or neurodegenerative diseases, where abnormal nerve activity plays a central role."

This work was carried out through a collaboration involving the University of Rochester, Harvard Medical School, and Boston Children's Hospital. Additional contributors include Jessica Page, PhD, and Leeyup Chung, PhD, both co-first authors, and Zhigang He, PhD, co-senior author, from Harvard Medical School. Funding was provided by the National Institutes of Health and the Del Monte Institute for Neuroscience.
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Scientists discover metformin may block key exercise benefits | ScienceDaily
A widely used medication for diabetes prevention may unexpectedly interfere with one of the most reliable ways to lower disease risk: regular physical activity.


						
A Rutgers-led team reported in The Journal of Clinical Endocrinology & Metabolism that metformin appeared to weaken several important benefits normally gained from exercise. These include improvements in blood vessel function, overall fitness and the body's ability to control blood sugar.

Since 2006, medical guidance has encouraged people with elevated blood sugar to combine metformin with consistent exercise. The expectation was that two well-established treatments would reinforce one another. According to the Rutgers researchers, the evidence suggests a different outcome.

"Most health care providers assume one plus one equals two," said Steven Malin, a professor in the Department of Kinesiology and Health in the School of Arts and Sciences and the lead author of the study. "The problem is that most evidence shows metformin blunts exercise benefits."

How the Study Tested Metformin's Impact

To explore this issue, Malin and his colleagues enrolled 72 adults considered at risk for metabolic syndrome, which is a cluster of conditions known to raise the likelihood of both diabetes and heart disease. Participants were separated into four groups: high-intensity exercise with placebo, high-intensity exercise with metformin, low-intensity exercise with placebo and low-intensity exercise with metformin.

Over a 16-week training period, the research team measured how well participants' blood vessels responded to insulin. This response helps vessels widen and deliver oxygen, hormones and nutrients after eating.




The results showed that exercise alone strengthened vascular insulin sensitivity. Blood vessels became more responsive to insulin, allowing greater blood flow to the muscles. This is important because insulin-assisted dilation helps move glucose from the bloodstream into body tissues, lowering blood sugar after meals.

Metformin Significantly Reduced Expected Gains

When metformin was added, these improvements became noticeably smaller. The medication also appeared to limit gains in aerobic capacity and lessen positive changes in inflammation and fasting blood glucose.

"Blood vessel function improved with exercise training, regardless of intensity," Malin said. "Metformin blunted that observation, suggesting one type of exercise intensity is not better either with the drug for blood vessel health."

These findings are concerning because exercise is intended to support healthy blood sugar levels and improve physical capability. If metformin reduces these effects, patients relying on both may not receive the degree of protection they expect.

"If you exercise and take metformin and your blood glucose does not go down, that's a problem," Malin said. "People taking metformin also didn't gain fitness. That means their physical function isn't getting better and that could have long-term health risk."

Real-Life Consequences for Daily Function and Well-Being




Malin noted that exercise-driven fitness improvements influence everyday activities such as climbing stairs, playing with children or maintaining an active social life. If these gains are diminished, overall quality of life can suffer.

The researchers emphasized that the findings should not prompt anyone to stop taking metformin or abandon exercise. Instead, the study highlights the need for physicians to closely consider how these interventions interact and to monitor patient progress. Malin hopes that future studies will help identify approaches that preserve the positive effects of both.

Why Metformin May Interfere With Exercise Adaptation

The reason metformin dampens exercise benefits is still being investigated. Malin explained that metformin partly works by inhibiting specific mitochondrial processes. This action reduces oxidative stress and helps regulate blood sugar. However, the same interference may block the cellular changes typically triggered by exercise, including better mitochondrial efficiency and improved aerobic performance. In essence, the mechanism that makes metformin effective may also hinder the body's ability to fully respond to physical training.

Earlier studies have suggested a similar pattern, but this trial is one of the first to look closely at vascular insulin sensitivity, a key factor in both glucose control and cardiovascular health. By demonstrating that metformin can limit changes in both major arteries and small capillaries across different exercise intensities, the researchers highlight how complex these combined treatments can be.

Implications for Diabetes Prevention and Clinical Guidelines

Malin pointed out that nearly 35 million people in the United States live with type 2 diabetes, and prevention strategies often depend on a mix of lifestyle changes and medication. If these approaches do not work together as expected, long-term risks may increase.

"We need to figure out how to best recommend exercise with metformin," Malin said. "We also need to consider how other medications interact with exercise to develop better guidelines for doctors to help people lower chronic disease risk."

Other Rutgers researchers involved in the study include: Sue Shapses, professor in the Department of Nutritional Sciences at the School of Environmental and Biological Sciences; Andrew Gow, professor of pharmacology and toxicology at the Ernest Mario School of Pharmacy; Ankit Shah, assistant professor in the Department of Medicine at Robert Wood Johnson Medical School; Tristan Ragland, a former post-doctoral fellow in Department of Kinesiology and Health; Emily Heiston, project scientist and clinical coordinator in the Applied Metabolism and Physiology Laboratory; and Daniel Battillo, a former doctoral student in the Department of Kinesiology and Health.
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A silent kidney crisis is spreading faster than anyone expected | ScienceDaily
A growing number of people worldwide are now believed to have reduced kidney function, according to a new analysis. The number of affected individuals increased from 378 million in 1990 to 788 million in 2023. As populations have expanded and grown older, the condition has reached a point where it is now listed among the top 10 causes of death across the globe.


						
Researchers from NYU Langone Health, the University of Glasgow, and the Institute for Health Metrics and Evaluation (IHME) at the University of Washington led the investigation. Their work focused on chronic kidney disease, a condition in which the kidneys gradually lose the ability to clear waste and extra fluid from the bloodstream. Early stages often produce no noticeable symptoms, while advanced disease may require dialysis, kidney replacement therapy, or a transplant.

Global Burden and Mortality Trends

The study estimates that roughly 14% of adults worldwide live with chronic kidney disease. In addition, approximately 1.5 million people died from the condition in 2023. When changes in population age structures are taken into account, this represents more than a 6% increase in deaths since 1993.

"Our work shows that chronic kidney disease is common, deadly, and getting worse as a major public health issue," said study co-senior author Josef Coresh, MD, PhD, director of NYU Langone's Optimal Aging Institute. "These findings support efforts to recognize the condition alongside cancer, heart disease, and mental health concerns as a major priority for policymakers around the world."

Growing Health Priority for Global Agencies

In May, the World Health Organization added chronic kidney disease to its list of health priorities aimed at reducing early deaths from noncontagious diseases by one-third before 2030. Coresh, who is also the Terry and Mel Karmazin Professor of Population Health at the NYU Grossman School of Medicine, notes that identifying current patterns in the disease is essential for developing effective strategies.




The new report was published online Nov. 7 in The Lancet and, according to the authors, represents the most detailed assessment of chronic kidney disease in nearly ten years. It is also being presented at the American Society of Nephrology's annual Kidney Week conference.

How the Study Was Conducted

The research was part of the Global Burden of Disease (GBD) 2023 study, considered the most wide-ranging effort to track health-related loss in countries over long periods of time. Findings from this initiative frequently inform public health policy and guide future research.

To generate the new estimates, the team examined 2,230 scientific papers and national health datasets from 133 countries. Their work centered not only on diagnoses and deaths, but also on the level of disability associated with chronic kidney disease.

Links to Heart Disease and Leading Risk Factors

Another key conclusion was that impaired kidney function is a major contributor to heart disease. The study reports that it accounted for about 12% of global cardiovascular deaths. In 2023, chronic kidney disease ranked as the 12th leading cause of disability-related reductions in quality of life. High blood sugar, high blood pressure, and high body mass index (a measure of obesity) were identified as the most significant risk factors for developing the condition.




Most individuals in the study were in the early stages of chronic kidney disease. Coresh emphasizes that this is a crucial window for intervention, as timely treatment and lifestyle changes can prevent the need for dialysis or transplantation later on.

Access to Treatment Remains Uneven Worldwide

Coresh also points out that in parts of sub-Saharan Africa, Southeast Asia, Latin America, and other lower-income regions, many people do not receive dialysis or transplants. These therapies are less accessible and often too expensive for widespread use in those areas.

"Chronic kidney disease is underdiagnosed and undertreated," said study co-lead author Morgan Grams, MD, PhD. "Our report underscores the need for more urine testing to catch it early and the need to ensure that patients can afford and access therapy once they are diagnosed."

New Therapies but Slow Global Progress

Grams, the Susan and Morris Mark Professor of Medicine at the NYU Grossman School of Medicine, notes that several new medications introduced over the past five years can slow disease progression and reduce the likelihood of heart attack, stroke, and heart failure. Even so, she explains that it will take time before the benefits of these treatments are reflected worldwide.

She also warns that because chronic kidney disease is often not tested for, its true global prevalence may be even higher than the study suggests.

Study Support and Research Team

The project was funded by National Institutes of Health grant R01DK100446, the Gates Foundation, and the National Kidney Foundation.

Coresh serves as a scientific adviser and equity holder in Healthy.io, a health technology company that provides remote clinical testing and related services. He also works as a consultant for SomaLogic. These roles are disclosed and managed according to NYU Langone Health policies.

Along with Coresh and Grams, Patrick Mark, PhD, at the University of Glasgow, and Lauryn Stafford, MS, at IHME at the University of Washington in Seattle, were co-lead authors.

Additional co-senior authors included Jennifer Lees, PhD, at the University of Glasgow, and Theo Vos, PhD, and Liane Ong, PhD, at IHME at the University of Washington in Seattle.
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Chronic pain may dramatically raise your blood pressure | ScienceDaily
    	Chronic pain appears to play a meaningful role in raising the risk of developing high blood pressure.
    	How long the pain lasts and where it occurs both influence that risk, and part of the connection is explained by depression and inflammation.
    	Researchers say the results underscore how important effective pain management can be for preventing and controlling high blood pressure, a major driver of cardiovascular disease and death.

Chronic Pain Linked to Rising Blood Pressure Risk

Chronic pain in adults may raise the likelihood of developing high blood pressure, and factors such as where the pain is located, how widespread it is, and whether a person also has depression appear to play important roles. These findings come from new research published today (November 17) in Hypertension, an American Heart Association journal.

An evaluation of health information from more than 200,000 adults in the U.S. showed that individuals who experienced chronic pain throughout their bodies had a higher chance of developing high blood pressure compared to those reporting no pain, short-term discomfort, or pain limited to one region.

"The more widespread their pain, the higher their risk of developing high blood pressure," said lead study author Jill Pell, M.D., C.B.E., the Henry Mechan Professor of Public Health at the University of Glasgow in the United Kingdom. "Part of the explanation for this finding was that having chronic pain made people more likely to have depression, and then having depression made people more likely to develop high blood pressure. This suggests that early detection and treatment of depression, among people with pain, may help to reduce their risk of developing high blood pressure."

Understanding High Blood Pressure and Its Dangers

High blood pressure and hypertension occur when blood presses too strongly against vessel walls, increasing the chance of heart attack or stroke. High blood pressure, including stage one or stage two hypertension (blood pressure readings from 130/80 mm Hg to 140/90 mm Hg or higher), affects nearly half of adults in the U.S. It is also the leading cause of death nationally and worldwide, according to the 2025 joint American Heart Association/American College of Cardiology guideline endorsed by 11 other organizations.




Earlier studies show that chronic musculoskeletal pain -- pain in the hip, knee, back or neck/shoulder that lasts for at least three months -- is the most common form of long-term pain in the general population. The new study examined how the presence, type, and distribution of pain across the body relate to later high blood pressure.

Inflammation and depression are already recognized as contributing factors for high blood pressure; however, Pell noted that no previous research had evaluated how much these elements might explain the connection between long-lasting pain and future hypertension.

How Researchers Collected and Measured Pain Data

Participants completed a baseline questionnaire describing whether they had experienced pain in the previous month that interfered with daily activities. They identified whether the pain occurred in the head, face, neck/shoulder, back, stomach/abdomen, hip, knee or across the entire body. Those reporting pain also indicated whether symptoms had persisted for more than three months.

Depression was assessed through a questionnaire asking about depressed mood, disinterest, restlessness or lethargy during the previous two weeks. Inflammation was measured using blood tests for C-reactive protein (CRP).

Key Findings After Long-Term Follow-Up

After an average follow-up period of 13.5 years, the results showed:
    	Nearly 10% of all participants developed high blood pressure.
    	Compared to people without pain, those with chronic widespread pain faced the greatest increase in risk (75% higher), while short-term pain was associated with a 10% higher risk and chronic pain in a single location was tied to a 20% higher risk.
    	When looking at pain locations, chronic widespread pain was linked to a 74% higher risk of high blood pressure; chronic abdominal pain to a 43% higher risk; chronic headaches to a 22% higher risk; chronic neck/shoulder pain to a 19% higher risk; chronic hip pain to a 17% higher risk; and chronic back pain to a 16% higher risk.
    	Depression (11.3% of participants) and inflammation (0.4% of participants) explained 11.7% of the connection between chronic pain and high blood pressure.




"When providing care for people with pain, health care workers need to be aware that they are at higher risk of developing high blood pressure, either directly or via depression. Recognizing pain could help detect and treat these additional conditions early," Pell said.

Expert Perspective on Pain, Inflammation and Hypertension

Daniel W. Jones, M.D., FAHA, chair of the 2025 American Heart Association/American College of Cardiology High Blood Pressure Guideline and dean and professor emeritus of the University of Mississippi School of Medicine in Jackson, Mississippi, said, "It is well known that experiencing pain can raise blood pressure in the short term, however, we have known less about how chronic pain affects blood pressure. This study adds to that understanding, finding a correlation between the number of chronic pain sites and that the association may be mediated by inflammation and depression."

Jones, who was not involved in the study, recommended further research using randomized controlled trials to explore how different pain management strategies influence blood pressure. He highlighted the importance of understanding how Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) such as ibuprofen may raise blood pressure.

"Chronic pain needs to be managed within the context of the patients' blood pressure, especially in consideration of the use of pain medication that may adversely affect blood pressure," said Jones.

Study Limitations and Participant Characteristics

The researchers noted that the study population mainly consisted of middle-aged or older white adults of British origin, which means the findings may not apply to people of other racial or ethnic backgrounds or younger age groups. Pain levels were self-reported, and the study relied on clinical diagnostic coding, a single pain assessment, and two blood pressure measurements.

How the Study Was Designed

Study details, background and design:
    	The analysis used data from the UK Biobank, a large population-based project that recruited more than 500,000 adults ages 40-69 between 2006 and 2010. Participants lived in England, Scotland and Wales.
    	This study focused on 206,963 adults. The average age was 54 years; 61.7% were women, and 96.7% were white adults.
    	Overall, 35.2% of participants reported chronic musculoskeletal pain; 62.2% reported chronic pain at one body site; 34.9% had chronic pain at two to three musculoskeletal sites; and 3.2% reported pain at four sites.
    	Compared with participants without pain, those reporting pain were more often women, had less healthy lifestyle patterns, larger waist circumference, higher body mass index (BMI), more long-term health issues, and were more likely to live in areas with higher unemployment, lower home and car ownership, and more overcrowding.
    	Researchers adjusted for factors associated with both pain and high blood pressure, including self-reported smoking status, alcohol intake, physical activity, sedentary time, sleep duration, and fruit and vegetable consumption.
    	Data from the UK Biobank was gathered through a touch-screen questionnaire, interview, physical measurements (height, weight, BMI, waist circumference, blood pressure), and blood samples for cholesterol and blood sugar (hemoglobin A1c).
    	Hospital records were used to identify high blood pressure using standard International Statistical Classification of Diseases and Related Problems and diagnostic codes (ICD-10 codes).
    	The follow-up period was measured from baseline until one of these events occurred: a diagnosis of high blood pressure, the participant's death, or the end of available follow-up records. The first of these events marked the end of follow-up for each participant.
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CRISPR unlocks a new way to defeat resistant lung cancer | ScienceDaily
Researchers at ChristianaCare's Gene Editing Institute have demonstrated that turning off the NRF2 gene with CRISPR technology can make lung cancer cells responsive to chemotherapy again. By blocking this gene, the treatment restores how tumors react to common cancer drugs and slows their growth. The study was published on November 14 in the journal Molecular Therapy Oncology.


						
This advance builds on more than ten years of work at the Gene Editing Institute, where scientists have closely investigated NRF2 and its role in therapy resistance. Their findings showed consistent results in both laboratory tests using human lung cancer cell lines and in animal studies designed to mirror real tumor behavior.

"We've seen compelling evidence at every stage of research," said Kelly Banas, Ph.D., lead author of the study and associate director of research at the Gene Editing Institute. "It's a strong foundation for taking the next step toward clinical trials."

Expanding the Impact Beyond One Cancer Type

The study focused on lung squamous cell carcinoma, a fast-growing form of non-small cell lung cancer (NSCLC) that represents 20% to 30% of all lung cancer cases, according to the American Cancer Society. More than 190,000 people in the U.S. are expected to receive a lung cancer diagnosis in 2025.

Although the work concentrated on this specific disease, the findings point to broader applications. NRF2 overactivity plays a major role in chemotherapy resistance in several solid tumors, including cancers of the liver, esophagus and head and neck. These results indicate that CRISPR approaches aimed at NRF2 could eventually help restore drug sensitivity across multiple treatment-resistant cancers.

"This is a significant step toward overcoming one of the biggest challenges in cancer therapy -- drug resistance," Banas said. "By targeting a key transcription factor that drives resistance, we've shown that gene editing can re-sensitize tumors to standard treatment. We're hopeful that in clinical trials and beyond, this is what will allow chemotherapy to improve outcomes for patients and could enable them to remain healthier during the entirety of their treatment regimen."

Pinpointing a Mutation That Shields Tumors




The team focused on a tumor-specific mutation in the NRF2 gene known as R34G. NRF2 serves as a master controller of how cells respond to stress, and when it becomes overly active, cancer cells are better able to survive chemotherapy.

To counter this, researchers used CRISPR/Cas9 to engineer lung cancer cells carrying the R34G mutation and then knocked out the NRF2 gene. This change restored the cells' responsiveness to widely used chemotherapy drugs such as carboplatin and paclitaxel. In animal models, tumors treated directly with CRISPR to remove NRF2 grew more slowly and responded more effectively to chemotherapy.

"This work brings transformational change to how we think about treating resistant cancers," said Eric Kmiec, Ph.D., senior author of the study and executive director of the Gene Editing Institute. "Instead of developing entirely new drugs, we are using gene editing to make existing ones effective again."

Significant Benefits Even With Partial Gene Editing

One of the most notable findings was that editing only 20% to 40% of tumor cells was enough to enhance chemotherapy response and reduce tumor size. This insight is important for clinical treatment, since altering every cancer cell in a tumor may not be possible.

For mouse studies, the researchers delivered CRISPR using lipid nanoparticles (LNPs), a non-viral system that offers efficiency while limiting the risk of unwanted genetic changes. Sequencing showed that the edits were highly targeted to the mutated NRF2 gene, with very few unintended modifications elsewhere in the genome.

"The power of this CRISPR therapy lies in its precision. It's like an arrow that hits only the bullseye," said Banas. "This level of specificity with minimal unanticipated genomic side effects offers real hope for the cancer patients who could one day receive this treatment."
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A tiny ancient virus reveals secrets that could help fight superbugs | ScienceDaily
A research effort led by Otakou Whakaihu Waka has generated an in-depth structural map of a bacteriophage, offering new insight into how these viruses could be used to counter drug-resistant bacteria.


						
Lead author Dr. James Hodgkinson-Bean, who completed his PhD in the Department of Microbiology and Immunology, says bacteriophages are "extremely exciting" to scientists searching for alternatives to antibiotics as antimicrobial resistance continues to rise.

"Bacteriophage viruses are non-harmful to all multi-cellular life and able to very selectively target and kill a target bacterium. Due to this, they are increasingly being researched and applied in 'phage therapy' to treat highly drug-resistant bacteria," he says.

He explains that bacteriophages are "exquisitely intricate viruses" that infect bacteria using large mechanical structures known as 'tails'.

3D Analysis Reveals How a Phage Attacks E. coli

The study, published in Science Advances, involved researchers from Otago and the Okinawa Institute of Science and Technology. They examined the structure of Bas63, a virus that infects E. coli, at a molecular scale to better understand how its tail functions during infection.

"This kind of research is important for understanding how we can select the optimal bacteriophages for therapies, and to understand the differences in infectious behavior we see in the lab," Dr. Hodgkinson-Bean says.




Senior author Associate Professor Mihnea Bostina, also from Otago's Department of Microbiology and Immunology, notes that rising antibiotic resistance and growing threats to global food security from plant pathogens make bacteriophages an increasingly valuable alternative.

"Our detailed blueprint of a bacteriophage advances rational design for medical, agricultural, and industrial applications, from treating infections to combating biofilms in food processing and water systems.

"Beyond science, the 3D data -- which shows the virus' rare whisker-collar connections, hexamer decoration proteins, and diverse tail fibers -- may inspire artists, animators, and educators."

Structural Clues Strengthen Understanding of Viral Evolution

According to Dr. Hodgkinson-Bean, insights into viral structure also help clarify how these viruses have evolved.

"While DNA generally serves as the best evolutionary marker in humans, the 3-dimensional structure of a virus is more informative of its distant evolutionary relationships with other viruses," he says.




The team identified features that had previously only been seen in viruses that are very distantly related, revealing evolutionary connections that had not been documented before.

"We know through structural studies that bacteriophages are related to Herpes viruses -- this relationship is thought to extend back billions of years to before the emergence of multi-cellular life. For this reason, when we look at bacteriophage structure, we are looking at living fossils, primordial ancient beings.

"There is something truly beautiful about that."

Building on Earlier Discoveries

This newly described structure is the second of its kind documented by the same research group. It follows an earlier investigation into pathogens responsible for potato diseases, which was recently published in Nature Communications.
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New DNA test predicts dangerous heart rhythms early | ScienceDaily
    	Researchers used whole genome sequencing to bring together monogenic and polygenic testing, two methods that are usually separated in both research and clinical practice.
    	Experts say many more physicians should be using genetic testing, although a large portion of the medical workforce is not yet trained to interpret it.
    	The results provide an early foundation for creating targeted treatments tailored to each person's unique genetic profile.

New Genetic Approach to Predicting Dangerous Heart Rhythms

In a new study from Northwestern Medicine, researchers have created a more refined genetic risk score that helps determine whether a person is likely to develop arrhythmia, a condition in which the heart beats irregularly. Arrhythmias can lead to serious medical problems, including atrial fibrillation (AFib) and sudden cardiac death.

The team reports that this improved method strengthens the accuracy of heart disease risk prediction while also offering a broad framework for genetic testing. According to the scientists, the same strategy could be adapted to assess other complex, genetically influenced conditions such as cancer, Parkinson's Disease and autism.

Building a More Complete Genetic Picture

"It's a very cool approach in which we are combining rare gene variants with common gene variants and then adding in non-coding genome information. To our knowledge, no one has used this comprehensive approach before, so it's really a roadmap of how to do that," said co-corresponding author Dr. Elizabeth McNally, director of the Center for Genetic Testing and a professor of medicine in the division of cardiology and of biochemistry and molecular genetics at Northwestern University Feinberg School of Medicine.

The researchers say their findings could support the development of targeted treatments shaped around an individual's full genetic profile. They also note that this type of analysis may allow clinicians to identify people at risk long before any symptoms arise.




The study, which analyzed data from 1,119 participants, was published on November 11 in Cell Reports Medicine.

Integrating Three Major Genetic Testing Methods

Current genetic testing typically falls into one of three separate categories:
    	Monogenic testing: Identifies rare mutations in a single gene, similar to spotting a typo in a single word.
    	Polygenic testing: Looks at many common gene variants to estimate overall risk, similar to examining the tone of a chapter.
    	Genome sequencing: Reads the complete genetic code, much like reviewing an entire book.

"Genetic researchers, companies and geneticists often operate in silos," McNally said. "The companies that offer gene panel testing are not the same ones that provide polygenic risk scores."

In this study, the team combined information from all three genetic sources to produce a fuller view of disease risk. This integrated method uncovers rare mutations, evaluates cumulative genetic effects and reveals subtle patterns across the entire genome.

"When you sequence the whole genome, you can say, 'Let me look at this cardiomyopathy gene component, the gene panel and the polygenic component.' By combining the data together, you get a very high odds ratio of identifying who is at highest risk, and that's where we think this approach can really improve upon what is currently used," McNally said.




Why Physicians Need Greater Access to Genetic Testing

Cardiologists usually assess heart risk based on symptoms, family history and diagnostic tools such as EKGs, echocardiograms and MRIs. McNally said she also incorporates genetic testing into her patient evaluations.

"It helps me manage that patient better, know who's at greatest risk, and if we think the risk is really high, we'll recommend defibrillators for patients like that," McNally said. "Knowledge is power."

Despite the benefits, genetic testing remains underused. McNally said that only an estimated 1 to 5% of people who would benefit from genetic testing actually receive it. Even within cancer care, where genetic links are widely recognized, only 10 to 20% of eligible patients undergo testing.

"We need to improve uptake," McNally said. "The biggest challenge is a workforce that isn't trained in how to use genetic testing. As polygenic risk scores become more common, our approach will become even more valuable."

How Researchers Carried Out the Study

The research team enrolled 523 people diagnosed with arrhythmias, some of whom also had heart failure. They thoroughly reviewed each participant's records, including data directly from implanted devices, to confirm the diagnoses. Afterward, the scientists sequenced each person's genome and used both monogenic and polygenic testing to calculate a risk score.

They then compared these results to the genomes of 596 control participants drawn from the NUgene biobank. These control individuals were age 40 or older and had no known history of cardiac disease.

"It was painstaking going through 500-plus records and making sure that the people in the study really belonged in the study," McNally said.

The paper is titled "A combined genomic arrhythmia propensity score delineates cumulative risk." Additional Northwestern contributors include Tanner Monroe, Megan Puckelwartz, Lorenzo Pesce, Dr. Alfred George and Dr. Gregory Webster.
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"Great Unified Microscope" reveals micro and nano worlds in a single view | ScienceDaily
Researchers Kohki Horie, Keiichiro Toda, Takuma Nakamura, and Takuro Ideguchi at the University of Tokyo have created a microscope capable of detecting signals across an intensity range fourteen times broader than that of standard instruments. The system also works label-free, meaning it does not rely on added dyes. This gentle approach allows cells to remain unharmed during long-term imaging, which could benefit testing and quality control in pharmaceutical and biotechnology settings. The study appears in Nature Communications.


						
Microscopes have driven scientific progress since the 16th century, but major improvements have often required increasingly specialized tools. As techniques became more advanced, they also faced tradeoffs in what they could measure. Quantitative phase microscopy (QPM) uses forward-scattered light to visualize structures at the microscale (in this study, over 100 nanometers), which makes it useful for capturing still images of complex cell features. However, QPM cannot detect very small particles. Interferometric scattering (iSCAT) microscopy works differently by capturing back-scattered light and can detect structures as tiny as single proteins. While iSCAT enables researchers to "track" individual particles and observe rapid changes inside cells, it lacks the wider view offered by QPM.

Capturing Two Directions of Light at Once

"I would like to understand dynamic processes inside living cells using non-invasive methods," says Horie, one of the first authors.

Motivated by this goal, the team examined whether collecting light from both directions at the same time could bridge the gap and reveal activity across a broad range of sizes and motions in a single image. To explore the idea and confirm that their microscope performed as expected, they observed how cells behaved during cell death. In one experiment, they captured an image that contained information from both forward- and backward-traveling light.

Separating Overlapping Signals

"Our biggest challenge," Toda, another first author, explains, "was cleanly separating two kinds of signals from a single image while keeping noise low and avoiding mixing between them."

The researchers succeeded in identifying the movement of larger cell structures (micro) as well as much smaller particles (nano). By comparing the patterns in forward- and back-scattered light, they could estimate each particle's size and its refractive index, which describes how strongly light bends or scatters when it passes through a material.

Future Applications for Smaller Particles

"We plan to study even smaller particles," Toda says, already thinking about future research, "such as exosomes and viruses, and to estimate their size and refractive index in different samples. We also want to reveal how living cells move toward death by controlling their state and double-checking our results with other techniques."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251117091134.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Animals are developing the same chronic diseases as humans | ScienceDaily
Across the globe, a wide range of animals, including household pets, livestock, and marine species, are developing serious health problems such as cancer, obesity, diabetes, and degenerative joint disease. These non-communicable diseases (NCDs) chronic diseases are becoming increasingly common, yet the scientific community still lacks broad, interdisciplinary research that explains why they are rising in so many species. Understanding these trends is essential because the same factors influencing animal health often affect people as well.


						
A recent study in Risk Analysis introduces a new conceptual approach designed to improve monitoring and management of chronic diseases in animals. Led by animal scientist Antonia Mataragka of the Agricultural University of Athens, the research offers an evidence-based risk assessment model. The framework not only supports veterinary health but also provides insights relevant to public health, since humans and animals are experiencing similar increases in chronic illnesses.

Genetic and Environmental Drivers of Disease

After reviewing existing research on NCDs in animals, Mataragka's study highlights multiple contributing factors.

Genetic predisposition increases disease risk in certain populations. Dogs and cats that have been selectively bred for appearance and livestock bred for productivity show higher rates of conditions such as diabetes and mitral valve disease.

Environmental influences, including poor diet, limited physical activity, and long-term stress, also shape how and when these diseases appear across species.

Examples of these patterns are found in many environments. Obesity is widespread among domestic cats and dogs, with recent surveys estimating that 50-60% fall into the overweight category, which has contributed to yearly increases in feline diabetes. In agricultural settings, about 20% of intensively raised pigs develop osteoarthritis. Marine animals face similar challenges: beluga whales have documented gastrointestinal cancers, while farmed Atlantic salmon experience cardiomyopathy syndrome. Wildlife living in polluted estuaries contaminated with industrial chemicals such as polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) show liver tumor rates as high as 15-25%.




Environmental Change Intensifies Disease Risk

Human-driven ecological transformation is amplifying these threats. Urbanization, climate disruption, land conversion, and loss of biodiversity increase the frequency and severity of harmful exposures. Warming oceans and the decline of coral ecosystems correlate with higher tumor rates in marine turtles and fish. In cities, rising temperatures and poor air quality contribute to obesity, diabetes, and immune disorders in companion animals, while chemical runoff and airborne pollution influence endocrine function in birds and mammals.

"As environmental changes accelerate disease emergence, the absence of early diagnostic systems further delays the detection of NCDs in animals," says Mataragka. "While organizations like the World Health Organization provide extensive data on NCD mortality in humans, similar detailed statistics for animals are scarce. This indicates the need for more comprehensive research and enhanced surveillance in veterinary health to better understand and address these issues."

Understanding Disease Patterns Across Species

The study assesses NCD prevalence among different animal groups and examines how specific risk factors contribute to disease development. It proposes mitigation strategies at four levels: individual, population (herd), ecosystem, and policy. The findings highlight climate change, habitat degradation, pollution, and dietary imbalance as major forces increasing vulnerability among pets, livestock, and wildlife.

Linking One Health and Ecohealth Approaches

Mataragka's model blends One Health and Ecohealth frameworks, both of which emphasize the connections between human, animal, and environmental well-being (but typically operate independently). By bringing these perspectives together, the model shows how biological susceptibility (genetic predisposition) intersects with environmental and socio-ecological pressures to drive disease.

She hopes this integrated approach will support more coordinated monitoring of animals, people, and ecosystems and help identify early warning signs of rising NCDs. By recognizing shared drivers of chronic illness, researchers and policymakers may be better equipped to reduce disease risks across species.
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Melanoma rates are spiking fast in these 15 Pennsylvania counties | ScienceDaily
Counties in Pennsylvania that contain or sit close to cultivated cropland show notably higher melanoma rates than other parts of the state, according to new research led by scientists at Penn State.


						
Researchers at the Penn State Cancer Institute reviewed cancer registry data collected from 2017 through 2021 and discovered that adults over age 50 living in a 15-county area of South Central Pennsylvania were 57% more likely to be diagnosed with melanoma, the deadliest form of skin cancer, compared to residents elsewhere in the state. The team reported these results on Nov. 14 in the journal JCO Clinical Cancer Informatics.

Charlene Lam, associate professor of dermatology at Penn State Health and co-author of the study, noted that the elevated cases appear in both rural and urban counties. She explained that the higher risk is not limited to isolated locations or people who spend much of their time outdoors.

Agricultural Environments Linked to Elevated Risk

"Melanoma is often associated with beaches and sunbathing, but our findings suggest that agricultural environments may also play a role," she said. "And this isn't just about farmers. Entire communities living near agriculture, people who never set foot in a field, may still be at risk."

The usual suspect -- sunlight -- was included in the analysis. Yet even after adjusting for ultraviolet radiation levels in Pennsylvania and considering socioeconomic factors, two consistent associations emerged. Counties with more cultivated acreage and counties with greater herbicide use displayed significantly higher melanoma rates.

Herbicides, Biological Effects, and Melanoma Patterns

"Pesticides and herbicides are designed to alter biological systems," said Eugene Lengerich, emeritus professor of public health sciences at Penn State and senior author on the paper. "Some of those same mechanisms, like increasing photosensitivity or causing oxidative stress, could theoretically contribute to melanoma development."




According to the analysis, a 10% increase in cultivated land was linked to a 14% rise in melanoma cases across the region. Herbicide exposure showed a similar pattern: a 9% increase in herbicide-treated land corresponded to a 13% increase in melanoma incidence.

Lam emphasized that exposure is not restricted to those handling agricultural chemicals. She explained that these substances can drift on air currents, settle in household dust and enter water sources.

Chemical Drift and Community-Wide Exposure

"Our findings suggest that melanoma risk could extend beyond occupational settings to entire communities," she said. "This is relevant for people living near farmland. You don't have to be a farmer to face environmental exposure."

The study also referenced earlier research showing links between pesticide and herbicide exposure and melanoma, citing evidence that these chemicals can heighten sensitivity to sunlight, interfere with immune responses and damage DNA in non-human animals and plants.

Study Shows Associations, Not Proof of Cause

Benjamin Marks, first author on the paper and a medical and public health student at the Penn State College of Medicine, cautioned that while higher melanoma rates appear in areas with more cropland and herbicide use, the findings do not prove that chemicals used on crops such as corn, soybeans and grains directly cause cancer. Instead, he said the patterns point to a connection that deserves further study.




He added that research of this kind is useful for spotting broad trends, even though it cannot identify individual risk.

"Think of this as a signal, not a verdict," Marks said. "The data suggest that areas with more cultivated land and herbicide use tend to have higher melanoma rates, but many other factors could be at play like genetics, behavior or access to health care. Understanding these patterns helps us protect not just farmers, but entire communities living near farmland."

Implications Beyond Pennsylvania

Lam said she hopes to better understand how agricultural practices relate to public health, especially since similar trends have been identified in farming regions of Utah, Poland and Italy. She encouraged anyone concerned about risk to perform routine skin checks and use sun-protective clothing and sunscreen. As part of the next phase of research, she is leading studies in rural communities within the affected area to learn more about farming practices and potential exposure pathways.

"Cancer prevention can't happen in isolation," Lengerich said. "This study demonstrates the importance of a 'One Health' approach, an understanding that human health is deeply connected to our environment and agricultural systems. If herbicides and farming practices are contributing to melanoma risk, then solutions must involve not just doctors, but farmers, environmental scientists, policymakers and communities working together."

Other co-authors include Jiangang Liao, professor of public health sciences at Penn State College of Medicine, and Camille Moeckel, a fourth-year medical student and research associate at Penn State College of Medicine.

This work was supported by the MPH Capstone Program and the Medical Student Research Project at the Penn State College of Medicine, along with the University's Algin B. Garrett Professorship.
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Daily music listening linked to big drop in dementia risk | ScienceDaily
Listening to music after the age of 70 appears to be associated with a meaningful reduction in dementia risk. A research team from Monash University analyzed data from more than 10,800 older adults and found that people in this age group who regularly listened to music experienced a 39 percent lower likelihood of developing dementia.


						
The project, led by Monash honours student Emma Jaffa and Professor Joanne Ryan, examined how both listening to music and playing instruments relate to cognitive health in adults over 70. Their analysis showed that individuals who consistently listened to music, compared with those who never, rarely, or only sometimes did so, had a 39 percent reduced risk of dementia. Playing an instrument was also tied to benefits, with a 35 percent reduction in dementia risk.

Findings Drawn From Large-Scale Aging Studies

Researchers based their work on information from the ASPirin in Reducing Events in the Elderly (ASPREE) study and the ASPREE Longitudinal Study of Older Persons (ALSOP) sub-study. The results were published in the International Journal of Geriatric Psychiatry.

People who reported always listening to music demonstrated the strongest cognitive advantages. This group showed a 39 percent lower incidence of dementia and a 17 percent lower incidence of cognitive impairment, along with higher overall cognitive scores and better episodic memory (used when recalling everyday events). Those who both listened to and played music on a regular basis had a 33 percent reduced risk of dementia and a 22 percent reduced risk of cognitive impairment.

Music as an Accessible Activity for Brain Health

Ms Jaffa noted that the outcomes of the research "suggests music activities may be an accessible strategy for maintaining cognitive health in older adults, though causation cannot be established," she said.




The findings come at a time when population aging is creating new public health challenges. Longer life expectancy has led to rising rates of age-related conditions, including cognitive decline and dementia, which places increasing pressure on families and healthcare systems.

Lifestyle Choices May Shape Cognitive Aging

Senior author Professor Ryan emphasized the urgency of exploring options to help delay or prevent dementia. "With no cure currently available for dementia, the importance of identifying strategies to help prevent or delay onset of the disease is critical," she said.

She added that "Evidence suggests that brain aging is not just based on age and genetics but can be influenced by one's own environmental and lifestyle choices. Our study suggests that lifestyle-based interventions, such as listening and/or playing music can promote cognitive health."
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Scientists uncover a surprising protein that heals stubborn wounds | ScienceDaily
When a routine blood test shows high levels of a protein called SerpinB3, it often alerts doctors that something is seriously wrong. Elevated SerpinB3 can be associated with difficult-to-treat cancers or severe inflammatory diseases.


						
SerpinB3 is known as a key protein that helps reveal when the body's barrier tissues, such as the skin and lungs, are under intense strain from cancer or long-term illness. It has typically been viewed as a sign that these protective surfaces are in trouble.

Recent work from scientists at Arizona State University adds an unexpected twist. Their research shows that SerpinB3, long regarded mainly as a disease marker, also plays a natural part in helping the body repair itself by supporting wound healing.

Chronic Wounds, High Costs

Skin wounds remain a major medical challenge. Each year in the U.S., an estimated 6 million wounds occur, and many are slow to heal or difficult to manage. These hard-to-treat injuries are frequently linked with diabetes, burns, infection or older age, and together they are thought to cost about $20 billion annually.

In a new study, coauthors Jordan Yaron, Kaushal Rege and their colleagues at the Biodesign Center for Biomaterials Innovation and Translation found that SerpinB3 is one of the body's own wound-healing tools. Their results indicate that the protein helps damaged skin recover after injury.

The work opens the door to new medical strategies. Increasing SerpinB3 activity might one day speed wound repair, while limiting its activity could become a way to slow or control aggressive cancers. The research may also shed light on how SerpinB3 contributes to inflammatory diseases, ranging from skin disorders to asthma.




The findings are reported in Proceedings of the National Academy of Sciences.

Linking Biomaterials, Serpins and Tissue Repair

This study emerged from the intersection of two major efforts in the team's lab: their broader research on bioactive materials that promote wound repair and their expertise in a family of proteins known as serpins (short for serine protease inhibitors). Serpins help regulate many processes in the body, including blood clotting and immune responses, and several members of this family appear to help keep tissue breakdown and tissue repair in balance.

"When we looked deeper into how our bioactive nanomaterials were helping tissue repair, SerpinB3, a protein originally implicated in cancer, jumped at us as a key factor that correlated with nanomaterial-driven wound healing," Rege said. "This journey, which started from use-inspired research on biomaterials for tissue repair to uncovering the fundamental role of this protein as an injury-response mechanism in skin, has been truly fascinating. We are now building on this basic finding and investigating the role of SerpinB3 in other pathological conditions."

Rege is a professor of chemical engineering and director of the Biodesign Center for Biomaterials Innovation and Translation. Yaron serves as an assistant professor of chemical engineering and is also part of the center's faculty. Both researchers hold academic appointments in the School for Engineering of Matter, Transport and Energy at ASU.

A Protein With a Double Life: Cancer and Healing

Many serpins are associated with disease when their levels in the body fall out of balance, contributing to inflammation, fibrosis and cancer. SerpinB3, one member of this family, has been widely used in cancer diagnostics as a marker of particularly aggressive forms of the disease.




SerpinB3 -- also known as squamous cell carcinoma antigen-1 -- was first identified in cervical cancer tissue in 1977. Since then, it has been routinely used as a biomarker for aggressive cancers of the lung, liver and skin, where high concentrations often signal a poorer prognosis.

"For more than four decades, SerpinB3 has been recognized as a driver of cancer growth and metastasis -- so much so that it became a clinical diagnostic. Yet after all this time, its normal role in the body remained a mystery," Yaron said. "But when we looked at injured, healing skin, we found that cells moving into the wound bed were producing enormous amounts of this protein. It became clear that this is part of the machinery humans evolved to heal epithelial injuries, a process that cancer cells have learned to exploit to spread. This now opens the doors to understanding how this protein is involved in many more diseases."

How SerpinB3 Speeds Skin Repair

By monitoring which genes become active during the healing process, the researchers discovered that SerpinB3 levels rose sharply in wounded skin. This increase was even greater in wounds covered with advanced biomaterial dressings, confirming earlier work from the group that showed how these materials can amplify the body's own repair signals.

In laboratory experiments, supplying additional SerpinB3 caused skin cells to move more quickly and cover wounds more rapidly. It proved to be about as effective as Epidermal Growth Factor, a well-known molecule that promotes healing. SerpinB3 acts by stimulating keratinocytes -- the skin cells that normally migrate to repair damage. When activated, these cells become less tightly attached to their surroundings and more able to move, allowing them to slide into the wound area and rebuild tissue.

The protein also supports the body's broader repair networks, helping to coordinate healing and the growth of new tissue. Wounds treated in this way showed collagen fibers that were more orderly and better organized, creating a stronger support framework that helps the skin regain its strength and integrity.

Future Treatments for Wounds and Cancer

The scientists emphasize that additional research is needed to understand how SerpinB3 fits into the body's overall healing systems. Because it appears to accelerate repair, SerpinB3 could eventually be developed into a therapy for chronic, hard-to-heal wounds, such as pressure sores and other ulcers that close only very slowly over time.

By uncovering SerpinB3's double role in both cancer and tissue repair, the study suggests that learning more about the body's own healing machinery could lead to improved treatments for persistent wounds and new approaches to controlling cancer.
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The hidden brain bias that makes some lies so convincing | ScienceDaily
Detecting dishonesty requires people to interpret social cues, judge intent, and decide whether someone's words are trustworthy. Scientists have long wondered how we sort through this kind of social information and how we decide if someone is being honest. A key question is whether people evaluate information in the same way when it comes from a close friend or from someone they barely know.


						
To explore this, Yingjie Liu from North China University of Science and Technology led a research team investigating how people judge information depending on the relationship they share with the communicator.

Studying Deception Through Brain Imaging

According to findings published in JNeurosci, the researchers used a neuroimaging method to observe brain activity in 66 healthy adults. Pairs of participants sat facing each other but interacted through computer screens, allowing the scientists to control the flow of information. Each message the participants exchanged had consequences that were described as either a "gain" or a "loss." A "gain" referred to information that benefited both individuals in the pair, while a "loss" referred to information that produced a negative outcome. Contributing researcher Rui Huang explained, "The key reason we chose 'gain' and 'loss' contexts is that they illustrate how people adjust decision-making in response to potential rewards or punishments."

The team discovered that people were more likely to trust false information during "gain" situations, and this behavior corresponded with activation in regions of the brain that process reward, assess risk, and interpret others' intentions. This suggests that the promise of a positive outcome can strongly influence whether a lie seems believable, even if the information should raise doubts.

Friends Show Unique Brain Patterns During Deception

One of the most striking findings involved the role of friendship. When the person delivering the potentially deceptive information was considered a friend, both individuals showed synchronized brain activity. This synchrony shifted depending on the context. For example, brain regions involved in reward showed greater alignment during "gain" scenarios, while regions tied to risk evaluation became more synchronized during "loss" moments. This shared activity provided enough information for researchers to predict when a participant was likely to be deceived by a friend.

Why People May Trust Rewarding Lies

Taken together, the results indicate that people may be especially vulnerable to believing lies when the information suggests the possibility of a "gain." The study also highlights how the brain processes social information differently between friends, which may make it harder to accurately judge the truthfulness of what is being said. This combination of reward-driven thinking and interpersonal connection appears to influence how people weigh honesty, potentially leading them to accept false information more easily in certain situations.
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GLP-1 drugs like Ozempic deliver huge weight loss but new research reveals a hidden catch | ScienceDaily
Three new Cochrane reviews report that GLP-1 drugs can lead to meaningful weight loss, although the strong involvement of pharmaceutical companies in many studies raises concerns. The World Health Organization (WHO) requested these reviews to help shape upcoming recommendations on using these medications for obesity treatment.


						
The analyses evaluated three GLP-1 receptor agonists used for weight management and found that each one produced clinically important weight loss when compared with placebo. Even so, there is still limited or uncertain evidence about their long-term safety, possible side effects, and how financial ties might influence study results.

Glucagon-like peptide-1 (GLP-1) receptor agonists were first introduced in the mid-2000s to help people with type 2 diabetes. In that setting, particularly among those with underlying heart or kidney disease, the drugs helped improve blood sugar levels, lowered the risk of related complications, aided weight reduction, and reduced the likelihood of early death.

More recently, researchers have been testing GLP-1 receptor agonists in people with obesity. These medications work by imitating a natural hormone that slows digestion and helps individuals feel full for longer. In the United Kingdom, they are approved for weight management when combined with a reduced calorie diet and physical activity for people with obesity or for those who are overweight with related health issues.

GLP-1 drugs show promise for weight management

Across the reviewed studies, tirzepatide, semaglutide, and liraglutide consistently led to significant weight loss over one to two years compared with placebo, and the benefits appeared to continue during ongoing treatment.
    	Tirzepatide (administered once weekly) produced about a 16% reduction in body weight after 12 to 18 months. Results from 8 randomized controlled trials (6 361 participants) indicated that these effects might last up to 3.5 years, although long-term safety data remain limited.
    	Semaglutide (also injected weekly) was associated with an average weight loss of around 11% after 24 to 68 weeks, with evidence suggesting the effect can persist for up to two years, based on 18 randomized controlled trials (27 949 participants). More people achieved at least a 5% weight reduction, but the drug caused higher rates of mild-to-moderate gastrointestinal issues.
    	Liraglutide (a daily injection) resulted in an average 4-5% weight loss in 24 trials (9 937 participants), still outperforming placebo. Evidence on benefits beyond two years was more limited.

The reviews found little to no difference between the drugs and placebo when looking at major cardiovascular events, mortality, or quality of life. However, nausea and digestive discomfort appeared more often among people taking GLP-1 drugs, and some participants discontinued treatment because of these side effects.




"These drugs have the potential to bring about substantial weight loss, particularly in the first year," says Juan Franco, co-lead researcher from Heinrich Heine University Dusseldorf, Germany. "It's an exciting moment after decades of unsuccessful attempts to find effective treatments for people living with obesity."

Independent research and equitable access are key

Most of the studies included in the reviews were funded by the companies that manufacture the drugs and were shaped by those companies in terms of design, analysis, and reporting. This has raised questions about potential conflicts of interest and highlights the importance of independent research.

The authors also stressed that the use of these medications should be viewed in a broader health context, including issues such as access, affordability, and insurance coverage, so that existing health inequities are not made worse. Costs remain a major barrier, particularly for semaglutide and tirzepatide, while liraglutide has become more affordable since its patent expired. Semaglutide's patent is set to expire in 2026.

Most of the trials were conducted in middle- and high-income countries, with little or no representation from regions such as Africa, Central America, and Southeast Asia. Because body composition, eating patterns, and health behaviors differ around the world, the authors emphasized the need to understand how these drugs work in more diverse populations.

"We need more data on the long-term effects and other outcomes related to cardiovascular health, particularly in lower-risk individuals," says Eva Madrid, co-lead researcher from the Universidad de Valparaiso, Chile. "Weight regain after stopping treatment may affect the long-term sustainability of the observed benefits. More independent studies from a public health perspective are needed."

The reviews highlight the need for long-term, independent investigations to guide clinical and policy decisions and to better define the role of GLP-1 receptor agonists in lasting weight management.

Commissioned by the World Health Organization, the reviews will contribute to upcoming WHO guidelines on the use of GLP-1 receptor agonists for treating obesity.
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Ultra-processed foods quietly push young adults toward prediabetes | ScienceDaily
More than half of the calories people consume in the United States come from ultra-processed foods (UPFs), which include items such as fast food and packaged snacks that tend to contain large amounts of sodium, added sugars and unhealthy fats. While studies in adults have firmly connected these foods to type 2 diabetes and other chronic conditions, far less is known about how UPFs affect younger populations.


						
Researchers at the Keck School of Medicine of USC have now completed one of the earliest studies to examine how UPF intake relates to the body's ability to manage glucose, a key factor for predicting diabetes. By monitoring changes over several years, the team gained a clearer picture of how long-term food choices can influence important metabolic functions.

Tracking Young Adults Over Time

The study followed 85 young adults for four years. During this period, the researchers found that higher consumption of UPFs was tied to an increased likelihood of developing prediabetes, an early stage of elevated blood sugar that can progress to diabetes. Young adults who ate more UPFs also showed signs of insulin resistance, a condition in which the body becomes less efficient at using insulin to manage blood sugar. The findings, published in the journal Nutrition and Metabolism, were supported in part by the National Institutes of Health.

"Our findings show that even modest increases in ultra-processed food intake can disrupt glucose regulation in young adults at risk for obesity. These results point to diet as a modifiable driver of early metabolic disease, and an urgent target for prevention strategies among young people," said Vaia Lida Chatzi, MD, PhD, a professor of population and public health sciences and pediatrics and director of the Southern California Superfund Research and Training Program for PFAS Assessment, Remediation and Prevention (ShARP) Center at the Keck School of Medicine, who is the study's senior author.

Why Early Adulthood Matters

Early adulthood represents a period when individuals have reached physical maturity and are forming routines that may continue for decades. Replacing heavily processed meals with whole foods such as fruits, vegetables and whole grains can lower the chance of developing type 2 diabetes in the future.




"Young adulthood is a critical window for shaping long-term health," Chatzi said. "By focusing on young adults, we have an opportunity to intervene early, before prediabetes and other risk factors become lifelong conditions."

Identifying Early Signs of Prediabetes

The participants in the study were part of the Metabolic and Asthma Incidence Research (Meta-AIR) study, itself a segment of the larger Southern California Children's Health Study. The 85 volunteers, aged 17-22, provided dietary and health information during one visit between 2014 and 2018 and again roughly four years later.

At each appointment, participants listed everything they had eaten on a recent weekday and weekend day. Researchers grouped each food into one of two categories: UPFs (such as candy, soda, cereal, packaged spreads, flavored yogurts and many restaurant meals) or foods that were not ultra-processed. They then calculated the percentage of each person's total daily calories that came from UPFs.

Blood samples were collected before and after participants drank a sugary beverage so the researchers could evaluate how effectively their bodies produced insulin in response to rising blood sugar. Statistical analyses were used to compare dietary shifts with markers of prediabetes while accounting for differences in age, sex, ethnicity and physical activity.

Between the baseline and follow-up visits, a 10% rise in UPF intake was linked to a 64% higher risk of prediabetes and a 56% higher likelihood of impaired glucose regulation. Participants who consumed more UPFs at the start of the study were also more likely to show elevated insulin at the follow-up visit -- an early indicator of insulin resistance, when the body compensates for reduced insulin effectiveness by producing more of it.




Reducing Ultra-Processed Foods for Better Health

The results underscore that UPFs pose significant risks for young adults, a demographic rarely examined in previous work.

"These findings indicate that ultra-processed food consumption increases the risk for pre-diabetes and type 2 diabetes among young adults -- and that limiting consumption of those foods can help prevent disease," said the study's first author, Yiping Li, a doctoral student in quantitative biomedical sciences at Dartmouth College who previously worked as a researcher at the Keck School of Medicine.

The researchers noted that larger studies with more detailed food tracking could help pinpoint which specific UPFs are most harmful for young adults. They also aim to explore how nutrients in these foods may influence insulin function and blood sugar control.

Study Contributors and Funding

In addition to Li and Chatzi, the study's authors include Elizabeth Costello, Sarah Rock, Zhanghua Chen, Frank Gilliland, Michael I. Goren, Jesse A. Goodrich and David V. Conti from the Department of Population and Public Health Sciences, Keck School of Medicine of USC, University of Southern California; William B. Patterson from the University of Colorado School of Medicine; Tanya L. Alderete from the Bloomberg School of Public Health, Johns Hopkins University; and Nikos Stratakis from the Barcelona Institute for Global Health (ISGlobal).

This work was primarily supported by the National Institute of Environmental Health Sciences (NIEHS) of the National Institutes of Health [P42ES036506, P30ES007048]. Funding for the Meta-AIR study came from the Southern California Children's Environmental Health Center grants funded by NIEHS [5P01ES022845-03, P30ES007048, 5P01ES011627]; the U.S. Environmental Protection Agency [RD83544101]; and the Hastings Foundation. Additional funding came from NIEHS [R01ES036253, R01ES029944, R01ES030364, U01HG013288, T32ES013678, U01HG013288, R01ES035035 and R01ES035056]; the European Union [The Advancing Tools for Human Early Lifecourse Exposome Research and Translation (ATHLETE) project: 874583]; the National Institute on Minority Health and Health Disparities [P50MD017344]; and the Horizon Europe Research and Innovation Program [Marie Sklodowska-Curie Actions Postdoctoral Fellowships: 101059245]. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251116105619.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Smoking cannabis with tobacco may disrupt the brain's "bliss molecule" | ScienceDaily
People who use both cannabis and tobacco show measurable differences in brain activity compared to those who rely solely on cannabis, according to new findings from a McGill University team at the Douglas Research Centre.


						
These results may help clarify why people who combine the two substances more often experience symptoms such as anxiety and depression, and why attempts to quit cannabis tend to be more difficult for them than for people who avoid tobacco.

"This is the first evidence in humans of a molecular mechanism that may underlie why people who use both cannabis and tobacco experience worse outcomes," said lead author Rachel Rabin, Associate Professor in McGill's Department of Psychiatry and researcher at the Douglas.

"Identifying this mechanism is an important step toward finding targets for future medications to treat cannabis use disorder, especially among those that co-use tobacco. Right now, the only available treatments are behavioral therapies such as counseling," she said.

Co-Use Common Even as Tobacco Use Declines

In Canada, roughly one in 20 people who used cannabis within the past year are considered at risk for cannabis use disorder. Among people who consume cannabis more often, the rate jumps to about one in three.

The researchers note that tobacco use is decreasing overall, yet the majority of cannabis users still report using tobacco as well. Rabin explained that most previous studies focused on each substance separately, leaving a major gap that this early-stage research is beginning to fill.




Changes in the Brain's "Bliss Molecule" System

PET scans showed that people who used both cannabis and tobacco had elevated levels of FAAH when compared to those using cannabis alone. FAAH is an enzyme that breaks down anandamide, a naturally occurring compound often described as the "bliss molecule" because of its influence on mood and stress responses. Higher FAAH levels mean lower anandamide levels, a pattern that has previously been linked to anxiety, depression and higher relapse rates among people trying to stop using cannabis.

Small Study Offers Early Clues

The analysis involved 13 young adults. Eight used only cannabis, while five used cannabis and smoked cigarettes every day. Cannabis use averaged slightly above one gram per day. Cigarette intake ranged from one to 12 per day.

Because the data was originally gathered for an unrelated project, there was no tobacco-only group for comparison. This means the changes could potentially be caused by tobacco alone, although the researchers believe the results point to a more complex interaction.

"What surprised us was how strong the effect was, and how different it was from those who only used cannabis, compared to those who used both tobacco and cannabis," said co-author Romina Mizrahi, Professor of Psychiatry and director of the McGill Research Center for Cannabis.




Next Steps in Understanding Tobacco's Role

The team is now recruiting people who smoke cigarettes and people who vape nicotine for a follow-up project that will explore whether similar brain changes appear in the absence of cannabis.

"A preliminary investigation of tobacco co-use on endocannabinoid activity in people with cannabis use" by Rachel Rabin, Joseph Farrugia, Ranjini Garani and Romina Mizrahi was published in Drug and Alcohol Dependence Reports.

The study received funding from the National Institute of Mental Health.
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Scientists find a surprising link between lead and human evolution | ScienceDaily
A major international research effort is reshaping the long-held belief that lead exposure is primarily a modern problem. The new findings show that early human ancestors encountered lead repeatedly for more than two million years, suggesting that this toxic metal may have played an unexpected role in shaping the evolution of hominid brains, behavior, and possibly language.


						
The study -- published in Science Advances -- also offers a new angle on why modern humans ultimately surpassed Neanderthals. Lab-grown brain organoids with Neanderthal genetic variants reacted more strongly to lead than organoids with human genetics, hinting that Neanderthals may have been more vulnerable to lead's neurological effects.

Researchers from the Geoarchaeology and Archaeometry Research Group (GARG) at Southern Cross University (Australia), the Department of Environmental Medicine at the Icahn School of Medicine at Mount Sinai Hospital (New York, USA), and the School of Medicine at the University of California San Diego (UCSD, USA) combined fossil chemistry, brain organoid experiments, and evolutionary genetics to uncover how lead factored into hominid history.

Evidence of Ancient Lead Exposure in Fossil Teeth

For many years, lead toxicity was assumed to be closely tied to human industry, including smelting, mining, and the use of leaded petrol and paint. That view shifted when researchers analysed 51 fossil teeth from a range of hominids and great apes, including Australopithecus africanus, Paranthropus robustus, early Homo, Neanderthals, and Homo sapiens. The teeth showed clear chemical traces of intermittent lead exposure that stretch back nearly two million years.

High-precision laser-ablation geochemistry performed at Southern Cross University's GARG Facility (located in Lismore, NSW) and at Mount Sinai's Exposomics laboratories revealed distinct 'lead bands' in the enamel and dentine. These bands formed during childhood and indicate recurring periods of lead intake from environmental sources (such as polluted water, soil, or volcanic activity) or from lead stored in the body's bones and released during times of stress or illness.

"Our data show that lead exposure wasn't just a product of the Industrial Revolution -- it was part of our evolutionary landscape," said Professor Renaud Joannes-Boyau, Head of the GARG research group at Southern Cross University.




"This means that the brains of our ancestors developed under the influence of a potent toxic metal, which may have shaped their social behavior and cognitive abilities over millennia."

How Lead Interacted With Early Brain Development

To understand the functional impact of this exposure, the team studied human brain organoids, which serve as simplified, lab-grown models of early brain development. They tested how lead affected two versions of a key developmental gene known as NOVA1, which regulates gene expression under lead exposure during neurodevelopment. The modern human version of NOVA1 differs from the variant seen in Neanderthals and other extinct hominids, although the reason for this evolutionary change was previously unclear.

Organoids carrying the Neanderthal-like NOVA1 variant showed substantial disruptions in FOXP2-expressing neurons in the cortex and thalamus when exposed to lead. These brain regions are essential for language and speech development. Organoids with the modern human NOVA1 gene showed far less disruption.

"These results suggest that our NOVA1 variant may have offered protection against the harmful neurological effects of lead," said Professor Alysson Muotri, Professor of Pediatrics/Cellular & Molecular Medicine and Director of the UC San Diego Sanford Stem Cell Institute Integrated Space Stem Cell Orbital Research Center.

"It's an extraordinary example of how an environmental pressure, in this case, lead toxicity, could have driven genetic changes that improved survival and our ability to communicate using language, but which now also influence our vulnerability to modern lead exposure."

Genetic Insights Into the Rise of Modern Humans




Genetic and proteomic data from the study showed that lead exposure in organoids with archaic gene variants disrupted multiple pathways tied to neurodevelopment, communication, and social behavior. The FOXP2 disruptions are especially noteworthy because of FOXP2's well-established role in speech and language. These results suggest that long-term pressure from environmental toxins may have nudged cognitive and communicative traits along different evolutionary paths in modern humans and Neanderthals.

"This study shows how our environmental exposures shaped our evolution," said Professor Manish Arora, Professor and Vice Chairman of Environmental Medicine.

"From the perspective of inter-species competition, the observation that toxic exposures can offer an overall survival advantage offers a fresh paradigm for environmental medicine to examine the evolutionary roots of disorders linked to environmental exposures."

What Ancient Lead Exposure Means for Us Today

Although modern lead exposure is mostly linked to industrial activities, it continues to pose a serious health threat, especially for children. The new findings show that human susceptibility to lead may be deeply rooted in our evolutionary past and shaped by interactions between genes and environmental conditions.

"Our work not only rewrites the history of lead exposure," added Professor Joannes-Boyau, "it also reminds us that the interaction between our genes and the environment has been shaping our species for millions of years, and continues to do so."

The research drew on fossil teeth from Africa, Asia, Europe, and Oceania, using detailed geochemical mapping to trace childhood episodes of lead intake. In parallel, brain organoids containing either modern or archaic NOVA1 genes were used to study how lead affected brain development, with particular attention to FOXP2, a gene central to language. Genetic, transcriptomic, and proteomic analyses were combined to build a broad understanding of how lead may have influenced the evolution of hominid cognition and social behavior.
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Chimps shock scientists by changing their minds with new evidence | ScienceDaily
Chimpanzees may share more with human thinkers than researchers once realized. A new study published in Science presents compelling evidence that chimpanzees can revise their beliefs in a rational way when they encounter new information.


						
The study, titled "Chimpanzees rationally revise their beliefs," was carried out by an international team that included UC Berkeley Psychology Postdoctoral Researcher Emily Sanford, UC Berkeley Psychology Professor Jan Engelmann and Utrecht University Psychology Professor Hanna Schleihauf. Their results indicate that chimpanzees, similar to humans, adjust their decisions based on how strong the available evidence is, which is a central component of rational thinking.

At the Ngamba Island Chimpanzee Sanctuary in Uganda, the researchers designed an experiment involving two boxes, one of which contained food. The chimps were first given a hint about which box held the reward. Later, they received a clearer and more convincing clue that pointed to the other box. Many of the animals changed their choice after receiving the stronger information.

"Chimpanzees were able to revise their beliefs when better evidence became available," said Sanford, a researcher in the UC Berkeley Social Origins Lab. "This kind of flexible reasoning is something we often associate with 4-year-old children. It was exciting to show that chimps can do this too."

Testing Whether Chimps Are Reasoning or Acting on Instinct

To confirm that the animals were truly engaging in reasoning rather than reacting on impulse, the researchers used tightly controlled experiments combined with computational modeling. These methods helped rule out simpler explanations, such as the chimps favoring the most recent clue (recency bias) or simply responding to the easiest cue to notice. The modeling showed that their decisions followed patterns consistent with rational belief revision.

"We recorded their first choice, then their second, and compared whether they revised their beliefs," Sanford said. "We also used computational models to test how their choices matched up with various reasoning strategies."

This work challenges long-held assumptions that rationality, defined as forming and updating beliefs based on evidence, belongs only to humans.




"The difference between humans and chimpanzees isn't a categorical leap. It's more like a continuum," Sanford said.

Broader Implications for Learning, Childhood Development and AI

Sanford believes these findings may influence how scientists think about a wide range of fields. Learning how primates update their beliefs could reshape ideas about how children learn and even how artificial intelligence systems are designed.

"This research can help us think differently about how we approach early education or how we model reasoning in AI systems," she said. "We shouldn't assume children are blank slates when they walk into a classroom."

The next phase of the project will apply the same belief revision tasks to young children. Sanford's team is now gathering data from two- to four-year-olds to see how toddlers handle changing information compared to chimps.

"It's fascinating to design a task for chimps, and then try to adapt it for a toddler," she said.




Expanding the Study to Other Primates

Sanford hopes to broaden the work to additional primate species, creating a comparative view of reasoning abilities across evolutionary branches. Her previous research spans topics from empathy in dogs to numerical understanding in children, and she notes that one theme continues to stand out: animals often demonstrate far more cognitive sophistication than people assume.

"They may not know what science is, but they're navigating complex environments with intelligent and adaptive strategies," she said. "And that's something worth paying attention to."

Other members of the research team include: Bill Thompson (UC Berkeley Psychology); Snow Zhang (UC Berkeley Philosophy); Joshua Rukundo (Ngamba Island Chimpanzee Sanctuary/Chimpanzee Trust, Uganda); Josep Call (School of Psychology and Neuroscience, University of St Andrews); and Esther Herrmann (School of Psychology, University of Portsmouth).
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Neuroscientists find immune cells that may slow aging | ScienceDaily
Prof. Alon Monsonego of Ben-Gurion University of the Negev found that T helper lymphocytes, which are immune cells involved in regulating the body's defenses, shift in function as people grow older. These shifts can reflect a person's biological age, which may not match their chronological age. Within these changes, the research team (the labs of Prof. Monsonego and Prof. Esti Yeger-Lotem) identified a previously unknown group of T helper cells that become more common with age.


						
The significance of this discovery became clearer when a Japanese study on supercentenarians, meaning individuals who live well past 100, found that this same T helper cell subset was abundant in their immune systems. Prof. Monsonego now believes these cells may help maintain an immune response that is suitable for a person's stage of life.

The team's findings, led by Dr. Yehezqel Elyahu in collaboration with Prof. Valery Krizhanovsky of the Weizmann Institute of Science, were recently reported in Nature Aging.

Aging, Senescent Cells, and the Immune Response

Scientists describe aging as a process in which cells gradually lose the ability to repair routine damage. When this occurs, the body shows signs of aging. Senescence cells, which naturally appear when regulated properly, become harmful if they accumulate, since they can trigger inflammation and tissue injury.

The researchers discovered that a portion of the T helper cells that increase with age unexpectedly have killing capabilities. These cells help remove senescence cells, thereby limiting their negative effects. Prof. Monsonego's work showed that reducing the number of these T helper cells in mice caused the animals to age more quickly and shortened their lifespan.

This unusual and highly specialized subset of T helper cells continues to rise in number with age and appears to play an important role in slowing the aging process.




Tracking Biological Age and Rethinking Immune Resetting

Because T helper cells shift as people age and appear central to how aging unfolds, Prof. Monosonego and his team suggest monitoring these immune patterns in individuals beginning in their 30s. Such tracking could reveal how quickly someone is aging biologically and help guide early steps to support healthy aging. Differences of decades can develop between biological and chronological ages.

"People say that to reverse aging and "rejuvenate," we need to reset their immune system like the immune systems of people in their 20s. However, our research shows that this might not be the case. People don't need a super-charged immune system; they need one that is working properly and appropriate for their stage in life. So, one of the "axioms" of how to reduce aging may be incorrect," says Prof. Monsonego.

In addition to offering new insight into aging, the newly identified cells may also be useful in diagnostics and future treatments addressing dysregulated aging, longevity, and diseases linked to aging.

Research Team and Support

Prof. Monsonego is part of The Shraga Segal Department of Microbiology, Immunology and Genetics in the Faculty of Health Sciences at BGU, and is also affiliated with TheSchool of Brain Sciences and Cognition.

Contributors to the research included Ilana Feygin, Ekaterina Eremenko, Noa Pinkas, Alon Zemer, Amit Shicht, Omer Berner, Roni Avigdory-Meiri, Anna Nemirovsky, and Keren Reshef from BGU, along with Lior Roitman from Weizmann.

The work received support from the Israel Ministry of Science and Technology (Grant no. 3-16148) and the Litwin and Gural Foundations.
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Scientists melt early protein clumps and shut down Alzheimer's damage | ScienceDaily
Researchers at Tokyo Metropolitan University have turned to concepts from polymer physics to better understand a central feature of Alzheimer's disease: the formation of tau protein fibrils. Their work revealed that these fibrils do not appear suddenly. Instead, they emerge after large clusters of tau proteins begin to gather in solution, a process that resembles polymer crystallization. When the scientists disrupted these early clusters, the fibrils failed to form, suggesting a promising direction for new strategies against neurodegenerative conditions.


						
Alzheimer's disease (AD) remains one of the most difficult medical challenges, especially as global populations continue to age. Scientists have long focused on pharmacology and traditional biomedical approaches. However, the complexity of AD has driven researchers to explore insights from other scientific fields that may open up new paths for understanding the disease and designing treatments.

How Polymer Behavior Helped Explain Tau Protein Fibrils

Led by Professor Rei Kurita, the research team applied ideas from how polymers organize into crystals. Polymers, which are long chains of repeating molecular units, often do not crystallize by simply adding one chain at a time. Instead, they pass through intermediate precursor structures before forming an ordered crystal. Drawing on this concept, the scientists examined tau proteins in solution and found that fibril formation (fibrillization) is also preceded by a precursor stage. In this case, the precursor is a loose assembly of tau proteins measuring only tens of nanometers. Techniques including small angle X-ray scattering and fluorescence-based analyses confirmed the presence of these structures.

A key discovery was that these precursors are not rigid but instead are soft, temporary clusters. The researchers were able to dissolve them by altering sodium chloride levels in the presence of heparin, a naturally occurring anticoagulant. When the clusters were disrupted or prevented from forming, the solution produced almost no tau fibrils. The team suggested that this effect occurs because increased concentrations of charged ions reduce how strongly tau proteins interact with heparin. According to their explanation, this change enhances electrostatic "screening," making it more difficult for the molecules to find each other and form clusters.

A New Therapeutic Direction for Alzheimer's and Beyond

These findings point to a potential shift in how scientists approach AD treatments. Instead of trying to break apart the final fibrils, therapies could aim at stopping the reversible precursor stage before harmful structures develop. This approach could influence not only AD research but also efforts to understand other neurodegenerative diseases, including Parkinson's disease.

This work was supported by JST SPRING Program Grant Number JPMJSP2156, JSPS KAKENHI Grant Numbers 22K07362, 25K21773, 24H00624, 22H05036, 23K21357, 25K02405, 23H00394, 23KK0133, and 20H01874, JST Moonshot R&D Program Grant Number JPMJMS2024, and AMED Grant Number 24wm0625303 and 25dk0207073.

Tau Protein Fibrils
Tau protein fibrils are abnormal bundles of tau proteins that assemble inside neurons when tau loses its normal shape and function. Under healthy conditions, tau works like a stabilizing support beam, helping maintain the microtubules that allow nutrients and signals to move through nerve cells. When tau becomes misfolded, it starts clumping together into long, fibrous aggregates known as fibrils. These structures interfere with the cell's internal transport system and are strongly linked to the cognitive decline seen in Alzheimer's disease and other neurodegenerative conditions. Because fibrils grow from smaller, early-stage tau clusters, researchers are increasingly focused on blocking these initial steps to prevent downstream damage.
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Scientists reverse kidney damage in mice, hope for humans next | ScienceDaily
Serious injury to short-term kidney function, known as acute kidney injury (AKI), can be life-threatening and also raise the likelihood of developing permanent chronic kidney disease. AKI can occur after major stressors such as sepsis or heart surgery, and more than half of all intensive care patients experience it. No approved medications currently exist to treat this condition.


						
Researchers at University of Utah Health (U of U Health) have discovered that fatty molecules called ceramides initiate AKI by damaging the mitochondria that supply energy to kidney cells. By using a backup drug candidate designed to alter how ceramides are processed, the team protected mitochondrial structure and prevented kidney injury in mice.

"We completely reversed the pathology of acute kidney injury by inactivating ceramides," says Scott Summers, PhD, distinguished professor and Chair of the Department of Nutrition and Integrative Physiology in the University of Utah College of Health and senior author on the study. "We were stunned -- not only did kidney function stay normal, but the mitochondria were unscathed," Summers says. "It was truly remarkable."

The results are published in Cell Metabolism.

Ceramide spikes may serve as an early warning

Earlier studies from the Summers lab showed that ceramides can harm organs such as the heart and liver. When the researchers measured ceramides in AKI models, they found a strong connection: levels rose sharply after injury in both mice and in human urine samples.

"Ceramide levels are very elevated in kidney injury," says Rebekah Nicholson, PhD, first author on the work, who completed the research as a graduate student in nutrition and integrative physiology at U of U Health and is now a postdoctoral fellow at the Arc Institute. "They go up quickly after damage to the kidneys, and they go up in relation to the severity of the injury. The worse the kidney injury is, the higher the ceramide levels will be."

These findings indicate that urinary ceramides could act as an early biomarker for AKI, giving clinicians a tool to identify vulnerable patients, including those preparing for heart surgery, before symptoms begin. "If patients are undergoing a procedure that we know puts them at high risk of AKI, then we can better predict whether or not they're actually going to have one," Nicholson says.




Altering ceramide production protects kidney function

The team nearly eliminated kidney injury in a mouse model by modifying the genetic program that controls ceramide production. This change produced "super mice" that did not develop AKI even under conditions that typically cause severe damage.

The researchers then tested a ceramide-lowering drug candidate created by Centaurus Therapeutics, a company co-founded by Summers. Mice treated ahead of time avoided kidney injury, maintained normal kidney function, remained active, and had kidneys that appeared close to normal under the microscope. Nicholson notes that their model places extreme stress on the kidneys, making it "really remarkable that mice were protected from the injury."

"These mice looked incredible," Summers adds.

The team found that ceramides harm mitochondria, the parts of the cell responsible for energy production. Damaged mitochondria in kidney cells become distorted and function poorly. Adjusting ceramide production, whether genetically or with the drug, kept mitochondria intact and working even under strain.

Potential for future therapies targeting mitochondrial health

Summers explains that the compound used in this study is closely related to, but not identical to, the ceramide-lowering drug that has entered human clinical testing. He emphasizes that mouse results do not always predict human outcomes and that further research is needed to confirm safety.




"We're thrilled by how protective this backup compound was, but it's still preclinical," Summers says. "We need to be cautious and do our due diligence to make sure this approach is truly safe before moving it into patients."

Even so, the researchers are encouraged by the findings. If the results extend to people, the drug could potentially be administered ahead of time to individuals who face a high risk of AKI, including patients undergoing heart surgery, where about one quarter experience the condition.

Because the drug appears to work by maintaining mitochondrial health, the team believes that the approach may have relevance for other disorders linked to mitochondrial dysfunction.

"Mitochondrial problems show up in so many diseases -- heart failure, diabetes, fatty liver disease," Summers says. "So if we can truly restore mitochondrial health, the implications could be enormous."

The results are published in Cell Metabolism as "Therapeutic Remodeling of the Ceramide Backbone Prevents Kidney Injury."
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New discovery could help stop diabetes damage at its source | ScienceDaily
An experimental compound has been found to limit cell death, reduce inflammation, and lessen organ damage associated with diabetes.


						
A research team at NYU Langone Health reported that, in mouse studies, a drug candidate successfully prevented two proteins from interacting: RAGE and DIAPH1. When these proteins come together, they contribute to heart and kidney injury linked to diabetes and slow the healing of wounds.

Blocking a Key Protein Interaction Boosts Healing

The findings, recently featured as a cover story in Cell Chemical Biology, show that keeping DIAPH1 from attaching to RAGE can ease swelling in diabetic tissues and promote more efficient repair. Tests conducted in human cells and mouse models revealed that the compound significantly reduced both immediate and long-term complications in Type 1 and Type 2 diabetes. The compound, known as RAGE406R, is a small molecule named for the protein it targets.

"There are currently no treatments that address the root causes of diabetic complications, and our work shows that RAGE406R can -- not by lowering the high blood sugar, but instead by blocking the intracellular action of RAGE," said co-senior study author Ann Marie Schmidt, MD, the Dr. Iven Young Professor of Endocrinology at the NYU Grossman School of Medicine. "If confirmed by further testing in human trials, the compound could potentially fill gaps in treatment, including that most current drugs work only against Type 2 diabetes."

How RAGE and DIAPH1 Contribute to Damage

RAGE is a receptor, a type of protein that responds to signaling molecules known as advanced glycation end products (AGEs). These molecules form when proteins or fats bind to sugars, a process that occurs more frequently in people with diabetes. AGEs accumulate in the bloodstream in individuals with diabetes and obesity, and also naturally increase with age.




Experiments showed that RAGE406R competes for the binding site on RAGE that DIAPH1 normally occupies. DIAPH1 helps form actin filaments, which are part of the cell's internal structure. The researchers demonstrated that DIAPH1 connects to the inner tail of RAGE, and this pairing increases the formation of actin structures that intensify diabetic complications.

Developing a Safer and More Effective Molecule

Schmidt's team previously screened a library of more than 58,000 molecules and identified several that interfered with the RAGE-DIAPH1 pathway. Their earlier lead compound, RAGE229, did not pass a standard safety test designed to flag structural features that might alter DNA and raise cancer risk. RAGE406R removes the part of the structure that created this concern.

The team then tested RAGE406R in a widely used model for chronic diabetes complications: delayed wound healing in obese mice with Type 2 diabetes. In both male and female mice, applying RAGE406R directly to the skin accelerated wound closure.

Reducing Misplaced Inflammation to Support Repair

Many of the compound's benefits stem from its effects on the immune system. The immune response is designed to detect and eliminate harmful invaders such as bacteria and viruses. When activated, it can cause inflammation, which includes swelling triggered by immune cells gathering at an injured area. In diabetes, inflammation often occurs in the wrong places or lasts too long.




RAGE406R lowered the levels of CCL2, a major proinflammatory signaling molecule. Reducing CCL2 activity calmed inflammation in macrophages, a type of immune cell. This shift helped support structural remodeling in tissues, an essential part of the healing process.

"Our findings point to a promising new pathway for treating diabetes in the future," said co-senior study author Alexander Shekhtman, PhD, a professor in the Department of Chemistry at the State University of New York (SUNY) at Albany. "The current study results serve as a springboard for the development of therapies for both types of diabetes, and for designing markers that can measure how well the new treatment works in live animals."

Contributors and Funding Support

Along with Schmidt, contributors from the Diabetes Research Program in the Department of Medicine at NYU Langone Health include co-first author Michaele Manigrasso, as well as Gautham Yepuri, Kaamashri Mangar, and Ravichandran Ramasamy. Additional NYU Langone collaborators include Sally Vanegas from the Department of Medicine and Yanan Zhao and Huilin Li from the Division of Biostatistics in the Department of Population Health. Shekhtman's group at SUNY at Albany includes first author Gregory Theophall, Parastou Nazarian, Aaron Premo, Sergey Reverdatto, and David Burz. Robert DeVita, PhD, from RJD Medicinal Chemistry and Drug Discovery Consulting LLC, also contributed to the research.

This work was funded by U.S. Public Health Service grants 1R24DK103032, 1R01DK122456-01A1, P01HL146367, and 5R01GM085006. The NYU Histology Core receives partial support from the Perlmutter Cancer Center support grant P30CA016087. Additional backing came from the Diabetes Research Program at the NYU Grossman School of Medicine. Drs. Manigrasso, Ramasamy, and Schmidt are listed on patent applications owned by NYU Langone Health related to this research. Their relationship to this intellectual property is being managed in accordance with NYU Langone Health policies. Dr. DeVita, who consults for NYU Technology Opportunities & Ventures' Therapeutics Alliances and for Intercept Therapeutics, was compensated for his involvement.
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CRISPR brings back ancient gene that prevents gout and fatty liver | ScienceDaily
Gout is one of the oldest documented human illnesses. It develops when sharp crystals form inside joints, triggering intense swelling and pain, and is considered a type of arthritis. Researchers at Georgia State University believe they may have uncovered a surprisingly ancient way to address it.


						
A study in Scientific Reports describes how scientists used CRISPR gene-editing tools to restore a gene that disappeared from the human lineage millions of years ago. Bringing this gene back lowered uric acid, the substance responsible for gout and several other health problems.

The long-lost component is uricase, an enzyme that most other animals continue to carry.

Uricase breaks down uric acid, a waste product that routinely forms in the blood. If uric acid levels rise too much, it can crystallize in the joints and kidneys, causing gout, kidney disease and a number of related conditions.

Why Humans Lost Uricase

Humans and other apes shed the uricase gene roughly 20 to 29 million years in the past. Some experts argue this change may have once offered an advantage. According to research cited in Seminars in Nephrology, scientists including Dr. Richard Johnson of the University of Colorado have suggested that elevated uric acid helped early primates convert fruit sugars into fat, providing a survival boost during lean times.

Today, however, that ancient adaptation contributes to a range of modern metabolic issues. This is the challenge that Georgia State biology professor Eric Gaucher and his team aimed to test.




"Without uricase, humans are left vulnerable," said Gaucher, a co-author of the study. "We wanted to see what would happen if we reactivated the broken gene."

Reintroducing an Ancient Gene With CRISPR

Working with postdoctoral researcher Lais de Lima Balico, Gaucher relied on CRISPR-Cas9, often referred to as molecular scissors, to insert a reconstructed version of the ancient uricase gene into human liver cells. This allowed the team to observe how the enzyme functioned in a modern biological environment.

The results surprised them. Uric acid levels fell sharply, and liver cells no longer accumulated fat when exposed to fructose. Because experiments in individual cells cannot always predict what will occur in more complex systems, the researchers advanced to a more sophisticated model.

They tested the gene in 3D liver spheroids, which are small, lab-grown structures that more closely resemble actual organ function. The reintroduced uricase gene again reduced uric acid. The enzyme also moved into peroxisomes, the cellular compartments where uricase naturally operates, suggesting the therapy might behave safely and appropriately in living organisms.

"By reactivating uricase in human liver cells, we lowered uric acid and stopped the cells from turning excess fructose into triglycerides -- the fats that build up in the liver," Gaucher said.




The Wider Impact of High Uric Acid

The findings extend well beyond gout. High uric acid, known as hyperuricemia, is associated with many modern health disorders. Research highlighted in the journal Hypertension has linked elevated uric acid to hypertension and cardiovascular disease, and the risks have been compared to those of high cholesterol.

These concerns are reflected in patient statistics. Between one-quarter and one-half of people with high blood pressure also have high uric acid, and in newly diagnosed hypertension, that overlap rises to 90 percent, according to the study.

"Hyperuricemia is a dangerous condition," Gaucher said. "By lowering uric acid, we could potentially prevent multiple diseases at once."

Toward Future Therapies

Current treatments for gout are not effective for everyone, and some individuals experience adverse reactions to existing uricase-based medications. A CRISPR method that restores uricase directly in liver cells could avoid these issues.

"Our genome-editing approach could allow patients to live gout-free lives and potentially prevent fatty liver disease," Gaucher said.

Animal studies are the next step, followed by human trials if early results hold up. Potential delivery methods include direct injections, returning modified liver cells to patients, or using lipid nanoparticles (the same technology employed in some COVID-19 vaccines).

If the strategy proves safe, Gaucher believes it could reshape the way gout and related metabolic disorders are treated. However, several challenges still need to be addressed.

"Genome-editing still faces substantial safety concerns," he said. "Once those are addressed, society will be faced with contentious ethical discussions about who should and should not have access."
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Scientists find a molecule that mimics exercise and slows aging | ScienceDaily

Betaine is a small molecule found in foods like beets and spinach, but the body also makes it on its own. In this study, it emerged as an important signal that helps coordinate the anti-aging benefits of long-term exercise.

How the Body Responds to Exercise

The research team followed 13 healthy men over six years to observe how the body reacts to both short-term and long-term exercise. Using multiomics tools that track genes, proteins, metabolites, and gut bacteria, the scientists compared the body at rest, after a single 5 km run, and after a 25-day running program.

Their results showed that the kidney plays a central role in managing the body's response to exercise. During sustained training, the kidney produced large increases in betaine, which helped send protective, anti-aging signals throughout the body.

Solving the Exercise Paradox

The study also helps explain the "exercise paradox," where a single intense workout causes stress but long-term training improves overall health. A short run triggered temporary inflammation and "metabolic chaos," while regular training restored balance and strengthened the immune system.




Consistent exercise improved gut bacteria, boosted antioxidant defenses, and reversed age-related changes in T cells by stabilizing DNA and adjusting epigenetic marks such as reducing ETS1 expression. The kidney also increased its production of betaine through activity of the enzyme CHDH. Remarkably, giving betaine alone created many of the same benefits as training, including better metabolism, improved cognitive function, reduced depressive-like behavior in older mice, and lower inflammation across the body.

How Betaine Reduces Inflammation

The researchers found that betaine binds to and blocks TBK1, a kinase that drives inflammation. By suppressing TBK1 and its downstream IRF3/NF-kB pathways, betaine helps silence chronic inflammation, also known as "inflammaging."

This mechanism ties together the exercise paradox: short-term activity triggers survival pathways (IL-6/corticosterone), while long-term training activates the kidney-betaine-TBK1 system that promotes youthfulness. Because betaine is considered safe and effective, it may be useful for people who cannot exercise regularly. "This redefines 'exercise as medicine'," says co-corresponding author Dr. Liu Guang-Hui. "This study gives us a fresh way to turn how our body works into something we can target with chemicals. It opens the door to geroprotective treatments that can tweak how multiple organs work together."
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Scientists uncover a hidden limit inside human endurance | ScienceDaily
When ultra-runners prepare for races that span hundreds of miles and last for days, they are not only challenging their determination and physical power. They are also exploring how far human physiology can be pushed. In a study published October 20 in the Cell Press journal Current Biology, researchers reported that even elite endurance athletes cannot consistently exceed an average "metabolic ceiling" equal to 2.5 times their basal metabolic rate (BMR) in daily energy use.


						
The metabolic ceiling refers to the upper limit of calories a person can burn in a sustained way. Earlier studies suggested that people might reach up to 10 times their BMR, which is the minimum amount of energy needed while resting, but only for short, intense periods.

"Every living thing has a metabolic ceiling, but exactly what that number is, and what constrains it, is the question," says lead author and anthropologist Andrew Best of the Massachusetts College of Liberal Arts, who is also an endurance athlete.

"To find out, we asked, if we get a group of really competitive ultra-athletes, can they break this proposed metabolic ceiling?"

Tracking Energy Burn in Extreme Athletes

To explore that question, the research team monitored 14 ultra-runners, cyclists, and triathletes during both races and training blocks. Participants consumed water enriched with deuterium and oxygen-18, which are slightly heavier forms of hydrogen and oxygen. By following how quickly these isotopes left the body through urine, the scientists were able to determine how much carbon dioxide the athletes exhaled and, in turn, estimate total calorie expenditure.

In multi-day endurance events, several athletes temporarily reached energy burn levels six to seven times their BMR, which translated to roughly 7,000 to 8,000 calories per day. However, when the researchers averaged the athletes' caloric output across much longer intervals (30 and 52 weeks), their energy use consistently fell back near the expected ceiling of about 2.4 times their BMR. According to the researchers, this pattern demonstrates that even the most highly trained athletes eventually hit a metabolic limit, and sustaining anything above that boundary is extremely difficult.




"If you go over the ceiling for short periods, that's fine. You can make up for it later," says Best. "But long term, it's unsustainable because your body will start to break down its tissue, and you'll shrink."

How the Body Reallocates Energy Under Stress

The study also highlighted how the human body balances competing energy demands during extreme endurance efforts. As athletes directed more energy toward running, swimming, and cycling, they naturally reduced energy use in other areas without realizing it.

"Your brain has a really powerful influence on how much you fidget, how much you want to move, and how encouraged you are to take a nap," says Best. "All these fatigues we feel save calories."

The researchers noted that their findings reflect the physiology of the athletes who took part in the study. It is possible that unusually high-performing individuals who could exceed the identified ceiling were not included. While the results are important for understanding athletic performance, they also raise broader questions about how this metabolic cap might affect other biological processes.

A Limit Most People Will Never Reach

"For most of us, we're never going to reach this metabolic ceiling," says Best. "It takes running about 11 miles on average a day for a year to achieve 2.5 times BMR. Most people, including me, would get injured before any sort of energetic limit comes into play."

This work was supported by funding from Duke University and a Massachusetts College of Liberal Arts Faculty Incentive Award.
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New prediction breakthrough delivers results shockingly close to reality | ScienceDaily
An international group of mathematicians led by Lehigh University statistician Taeho Kim has developed a new way to generate predictions that line up more closely with real-world results. Their method is aimed at improving forecasting across many areas of science, particularly in health research, biology and the social sciences.


						
The researchers call their technique the Maximum Agreement Linear Predictor, or MALP. Its central goal is to enhance how well predicted values match observed ones. MALP does this by maximizing the Concordance Correlation Coefficient, or CCC. This statistical measure evaluates how pairs of numbers fall along the 45-degree line in a scatter plot, reflecting both precision (how tightly the points cluster) and accuracy (how close they are to that line). Traditional approaches, including the widely used least-squares method, typically try to reduce average error. Although effective in many situations, these methods can miss the mark when the main objective is to ensure strong alignment between predictions and actual values, says Kim, assistant professor of mathematics.

"Sometimes, we don't just want our predictions to be close -- we want them to have the highest agreement with the real values," Kim explains. "The issue is, how can we define the agreement of two objects in a scientifically meaningful way? One way we can conceptualize this is how close the points are aligned with a 45 degree line on a scatter plot between the predicted value and the actual values. So, if the scatter plot of these shows a strong alignment with this 45 degree line, then we could say there is a good level of agreement between these two."

Why Agreement Matters More Than Simple Correlation

According to Kim, people often think first of Pearson's correlation coefficient when they hear the word agreement, since it is introduced early in statistics education and remains a fundamental tool. Pearson's method measures the strength of a linear relationship between two variables, but it does not specifically check whether the relationship aligns with the 45-degree line. For instance, it can detect strong correlations for lines that tilt at 50 degrees or 75 degrees, as long as the data points lie close to a straight line, Kim says.

"In our case, we are specifically interested in alignment with a 45-degree line. For that, we use a different measure: the concordance correlation coefficient, introduced by Lin in 1989. This metric focuses specifically on how well the data align with a 45-degree line. What we've developed is a predictor designed to maximize the concordance correlation between predicted values and actual values."

Testing MALP With Eye Scans and Body Measurements

To evaluate how well MALP performs, the team ran tests using both simulated data and real measurements, including eye scans and body fat assessments. One study applied MALP to data from an ophthalmology project comparing two types of optical coherence tomography (OCT) devices: the older Stratus OCT and the newer Cirrus OCT. As medical centers move to the Cirrus system, doctors need a dependable way to translate measurements so they can compare results over time. Using high-quality images from 26 left eyes and 30 right eyes, the researchers examined how accurately MALP could predict Stratus OCT readings from Cirrus OCT measurements and compared its performance with the least-squares method. MALP produced predictions that aligned more closely with the true Stratus values, while least squares slightly outperformed MALP in reducing average error, highlighting a tradeoff between agreement and error minimization.




The team also looked at a body fat data set from 252 adults that included weight, abdomen size and other body measurements. Direct measures of body fat percentage, such as underwater weighing, are reliable but expensive, so easier measurements are often substituted. MALP was used to estimate body fat percentage and was evaluated against the least-squares method. The results were similar to the eye scan study: MALP delivered predictions that more closely matched real values, while least squares again had slightly lower average errors. This repeated pattern underscored the ongoing balance between agreement and minimizing error.

Choosing the Right Tool for the Right Task

Kim and his colleagues observed that MALP frequently provided predictions that matched the actual data more effectively than standard techniques. Even so, they note that researchers should choose between MALP and more traditional methods based on their specific priorities. When reducing overall error is the primary goal, established methods still perform well. When the emphasis is on predictions that align as closely as possible with real outcomes, MALP is often the stronger option.

The potential impact of this work reaches into many scientific areas. Improved prediction tools could benefit medicine, public health, economics and engineering. For researchers who rely on forecasting, MALP offers a promising alternative, especially when achieving close agreement with real-world results matters more than simply narrowing the average gap between predicted and observed values.

"We need to investigate further," Kim says. "Currently, our setting is within the class of linear predictors. This set is large enough to be practically used in various fields, but it is still restricted mathematically speaking. So, we wish to extend this to the general class so that our goal is to remove the linear part and so it becomes the Maximum Agreement Predictor."
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        Light has been hiding a magnetic secret for nearly 200 years
        New research shows that light's magnetic field is far more influential than scientists once believed. The team found that this magnetic component significantly affects how light rotates as it passes through certain materials. Their work challenges a 180-year-old understanding of the Faraday Effect and opens pathways to new optical and magnetic technologies.

      

      
        A compact fusion machine just hit gigapascal pressures
        Operating a new device named the Fusion Z-pinch Experiment 3, or FuZE-3, Zap Energy has now achieved plasmas with electron pressures as high as 830 megapascals (MPa), or 1.6 gigapascals (GPa) total, comparable to the pressures found deep below Earth's crust.

      

      
        MIT ultrasonic tech pulls drinking water from air in minutes
        MIT engineers have created an ultrasonic device that rapidly frees water from materials designed to absorb moisture from the air. Instead of waiting hours for heat to evaporate the trapped water, the system uses high-frequency vibrations to release droplets in just minutes. It can be powered by a small solar cell and programmed to cycle continuously throughout the day. The breakthrough could help communities with limited access to fresh water.

      

      
        Massive hidden structures deep inside Earth may explain how life began
        Scientists may finally be closing in on the origins of two colossal, mysterious structures buried nearly 1,800 miles inside Earth--hidden formations that have puzzled researchers for decades. New modeling suggests that slow leakage of elements from Earth's core into the mantle prevented the planet from developing strong chemical layers after its primordial magma-ocean era.

      

      
        Quantum computers just simulated physics too complex for supercomputers
        Researchers created scalable quantum circuits capable of simulating fundamental nuclear physics on more than 100 qubits. These circuits efficiently prepare complex initial states that classical computers cannot handle. The achievement demonstrates a new path toward simulating particle collisions and extreme forms of matter. It may ultimately illuminate long-standing cosmic mysteries.

      

      
        Nanoscale trick makes "dark excitons" glow 300,000 times stronger
        Researchers have found a way to make "dark excitons"--normally invisible quantum states of light--shine dramatically brighter by trapping them inside a tiny gold-nanotube optical cavity. This breakthrough boosts their emission 300,000-fold and allows scientists to switch and tune them with unprecedented precision. The work unlocks new possibilities for ultrafast photonics, on-chip quantum communication, and exploring previously unreachable quantum states in 2D materials.

      

      
        Nearly 47 million Americans live near hidden fossil fuel sites
        A nationwide analysis has uncovered how sprawling fossil fuel infrastructure sits surprisingly close to millions of American homes. The research shows that 46.6 million people live within about a mile of wells, refineries, pipelines, storage sites, or transport facilities. Many of these locations release pollutants that may affect nearby communities, yet mid-supply-chain sites have rarely been studied. The findings reveal major gaps in understanding how this hidden network affects health.

      

      
        Supercomputers decode the strange behavior of Enceladus's plumes
        Cutting-edge simulations show that Enceladus' plumes are losing 20-40% less mass than earlier estimates suggested. The new models provide sharper insights into subsurface conditions that future landers may one day probe directly.

      

      
        This tiny quantum clock packs a billion-fold energy mystery
        Scientists built a tiny clock from single-electron jumps to probe the true energy cost of quantum timekeeping. They discovered that reading the clock's output requires vastly more energy than the clock uses to function. This measurement process also drives the irreversibility that defines time's forward direction. The insight could push researchers to rethink how quantum devices handle information.

      

      
        "Great Unified Microscope" reveals micro and nano worlds in a single view
        A new dual-light microscope lets researchers observe micro- and nanoscale activity inside living cells without using dyes. The system captures both detailed structures and tiny moving particles at once, providing a more complete view of cellular behavior. Its creators tested it by analyzing changes during cell death and were able to estimate particle size and refractive index. They hope to push the technique toward imaging particles as small as viruses.

      

      
        Astronomers unveil the surprising hidden geometry of a supernova
        Astronomers have, for the first time, recorded the moment a star's explosion broke through its surface. The nearby supernova, SN 2024ggi, revealed a surprisingly olive-shaped blast when studied with ESO's Very Large Telescope. The discovery helps scientists better understand the forces that drive massive stars to explode and underscores how quick international cooperation can lead to groundbreaking results.

      

      
        Astronomers discover thousands of hidden siblings of the "Seven Sisters"
        The "Seven Sisters" have far more relatives than anyone imagined. Using NASA and ESA space telescopes, astronomers found thousands of hidden stars linked to the Pleiades, forming a colossal stellar complex. The discovery expands the cluster's size by a factor of 20 and offers a new way to trace the shared origins of stars--including our own Sun.

      

      
        Physicists reveal a new quantum state where electrons run wild
        Electrons can freeze into strange geometric crystals and then melt back into liquid-like motion under the right quantum conditions. Researchers identified how to tune these transitions and even discovered a bizarre "pinball" state where some electrons stay locked in place while others dart around freely. Their simulations help explain how these phases form and how they might be harnessed for advanced quantum technologies.

      

      
        Princeton's new quantum chip marks a major step toward quantum advantage
        A Princeton team built a new tantalum-silicon qubit that survives for over a millisecond, far surpassing today's best devices. The design tackles surface defects and substrate losses that have limited transmon qubits for years. Easy to integrate into existing quantum chips, the approach could make processors like Google's vastly more powerful.

      

      
        AI creates the first 100-billion-star Milky Way simulation
        Researchers combined deep learning with high-resolution physics to create the first Milky Way model that tracks over 100 billion stars individually. Their AI learned how gas behaves after supernovae, removing one of the biggest computational bottlenecks in galactic modeling. The result is a simulation hundreds of times faster than current methods.

      

      
        Microquasars emerge as the Milky Way's most extreme particle engines
        LHAASO has uncovered that micro-quasars, black holes feeding on companion stars, are powerful PeV particle accelerators. Their jets produce ultra-high-energy gamma rays and protons that exceed long-held expectations. Precise cosmic-ray measurements reveal a new high-energy component, suggesting multiple sources within the Milky Way. These findings finally tie the "knee" structure to black hole jet systems.

      

      
        Extreme-pressure experiment reveals a strange new ice phase
        Researchers at KRISS observed water's rapid freeze-melt cycles under ultrahigh pressure and discovered Ice XXI, the first new ice phase found in decades. Using advanced high-pressure tech and microsecond XFEL imaging, they uncovered complex crystallization pathways never seen before. Ice XXI's structure resembles the high-pressure ice found inside Jupiter and Saturn's moons, hinting at planetary science implications.

      

      
        Chimps shock scientists by changing their minds with new evidence
        Chimps may revise their beliefs in surprisingly human-like ways. Experiments showed they switched choices when presented with stronger clues, demonstrating flexible reasoning. Computational modeling confirmed these decisions weren't just instinct. The findings could influence how we think about learning in both children and AI.

      

      
        Dark matter acts surprisingly normal in a new cosmic test
        Dark matter may be invisible, but scientists are getting closer to understanding whether it follows the same rules as everything we can see. By comparing how galaxies move through cosmic gravity wells to the depth of those wells, researchers found that dark matter appears to behave much like ordinary matter, obeying familiar physical laws. Still, the possibility of a hidden fifth force lingers, one that must be very weak to have evaded detection so far.

      

      
        A single beam of light runs AI with supercomputer power
        Aalto University researchers have developed a method to execute AI tensor operations using just one pass of light. By encoding data directly into light waves, they enable calculations to occur naturally and simultaneously. The approach works passively, without electronics, and could soon be integrated into photonic chips. If adopted, it promises dramatically faster and more energy-efficient AI systems.

      

      
        Hypersonic breakthrough could enable planes that fly 10 times the speed of sound
        Hypersonic flight could one day make long-haul travel as quick as a short movie. Researchers are testing how turbulence behaves at extreme speeds, a critical hurdle for designing these aircraft. Their laser-based krypton experiments suggest turbulence at Mach 6 behaves more like slower airflow than expected. The results could simplify hypersonic vehicle design and accelerate progress toward ultra-fast travel.

      

      
        Floating device turns raindrops into electricity
        A new floating droplet electricity generator is redefining how rain can be harvested as a clean power source by using water itself as both structural support and an electrode. This nature-integrated design dramatically reduces weight and cost compared to traditional solid-based generators while still producing high-voltage outputs from each falling drop. It remains stable in harsh natural conditions, scales to large functional devices, and has the potential to power sensors, off-grid electronics,...

      

      
        Scientists uncover a massive hidden crater in China that rewrites Earth's recent history
        A massive, well-preserved impact crater has been uncovered in Guangdong, revealing the signature of a powerful meteorite strike during the Holocene. Measuring 900 meters across, it dwarfs other known craters from the same era. Shock-damaged quartz confirms the intense forces involved. Its survival in a high-erosion environment makes it a geological rarity.

      

      
        Astronomers spot a rare planet-stripping eruption on a nearby star
        Scientists have finally confirmed a powerful coronal mass ejection from another star, using LOFAR radio data paired with XMM-Newton's X-ray insights. The eruption blasted into space at extraordinary speeds, strong enough to strip atmospheres from close-orbiting worlds. This suggests planets around active red dwarfs may be far less hospitable than hoped.

      

      
        Breakthrough shows light can move atoms in 2D semiconductors
        Laser light can physically distort Janus TMD materials, revealing how their asymmetrical structure amplifies light-driven forces. These effects could power breakthroughs in photonic chips, sensors, and tunable light technologies.

      

      
        Scientists uncover hidden atomic process that supercharges propylene production
        Scientists have decoded the atomic-level secrets behind catalysts that turn propane into propylene. Their algorithms reveal unexpected oxide behavior that stabilizes the catalytic reaction by clustering around defective metal sites. The findings could help streamline industrial chemistry and inspire better catalysts for major processes like methanol synthesis.

      

      
        New prediction breakthrough delivers results shockingly close to reality
        Researchers have created a prediction method that comes startlingly close to real-world results. It works by aiming for strong alignment with actual values rather than simply reducing mistakes. Tests on medical and health data showed it often outperforms classic approaches. The discovery could reshape how scientists make reliable forecasts.
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Light has been hiding a magnetic secret for nearly 200 years | ScienceDaily
Researchers at the Hebrew University of Jerusalem have found that the magnetic component of light plays a direct part in the Faraday Effect, overturning a 180-year belief that only light's electric field was involved. Their work shows that light can exert magnetic influence on matter, not simply illuminate it. This insight could support advances in optics, spintronics, and emerging quantum technologies.


						
The team's findings, published in Nature's Scientific Reports, show that the magnetic portion of light, not only its electric one, has a meaningful and measurable influence on how light interacts with materials. This result contradicts a scientific explanation that has shaped the understanding of the Faraday Effect since the nineteenth century.

The study, led by Dr. Amir Capua and Benjamin Assouline of the university's Institute of Electrical Engineering and Applied Physics, offers the first theoretical evidence that the oscillating magnetic field of light contributes directly to the Faraday Effect. This effect describes how the polarization of light rotates as it travels through a material placed in a constant magnetic field.

How Light and Magnetism Interact

"In simple terms, it's an interaction between light and magnetism," says Dr. Capua. "The static magnetic field 'twists' the light, and the light, in turn, reveals the magnetic properties of the material. What we've found is that the magnetic part of light has a first-order effect, it's surprisingly active in this process."

For nearly two centuries, scientists attributed the Faraday Effect solely to the electric field of light interacting with electric charges in matter. The new study shows that the magnetic field of light also plays a direct role by interacting with atomic spins, a contribution long assumed to be insignificant.

Calculating the Magnetic Contribution

Using advanced calculations informed by the Landau-Lifshitz-Gilbert (LLG) equation, which describes how spins behave in magnetic materials, the researchers demonstrated that light's magnetic field can generate magnetic torque within a material in a manner similar to a static magnetic field. Capua explains, "In other words, light doesn't just illuminate matter, it magnetically influences it."




To measure the extent of that influence, the team applied their theoretical model to Terbium Gallium Garnet (TGG), a crystal commonly used to study the Faraday Effect. Their analysis revealed that the magnetic component of light is responsible for about 17% of the observed rotation in the visible spectrum and as much as 70% in the infrared.

New Pathways for Future Technologies

"Our results show that light 'talks' to matter not only through its electric field, but also through its magnetic field, a component that has been largely overlooked until now," says Benjamin Assouline.

The researchers note that this revised understanding of light's magnetic behavior could open doors for innovations in optical data storage, spintronics, and magnetic control using light. The work may also contribute to future developments in spin-based quantum computing.
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A compact fusion machine just hit gigapascal pressures | ScienceDaily
Zap Energy has reached a major milestone with its Fusion Z-pinch Experiment 3, known as FuZE-3. The device has generated plasmas with electron pressures up to 830 megapascals (MPa), or a total pressure of 1.6 gigapascals (GPa), a level similar to the intense conditions found deep beneath Earth's crust. This marks the highest pressure ever recorded in a sheared-flow-stabilized Z pinch and represents a significant step toward achieving scientific energy gain, or Q>1.


						
FuZE-3 is also the first system from Zap to use a third electrode, which allows the mechanisms responsible for accelerating and compressing the plasma to be controlled independently. Early findings were shared during the American Physical Society's Division of Plasma Physics meeting in Long Beach, California.

"There are some big changes in FuZE-3 compared to Zap's previous systems and it's great to see it perform this well so quickly out of the gate," says Colin Adams, Head of Experimental Physics.

Why Extreme Pressure Matters for Fusion

Producing energy from fusion requires plasma that is both extremely hot and extremely dense. Pressure, which reflects both temperature and density, plays a central role because higher pressure allows more fusion reactions to take place. Some fusion systems focus on reaching the highest pressures possible, while others compensate by confining plasma for longer periods. Zap's sheared-flow-stabilized Z pinch seeks a balance between strong compression and sustained confinement.

The team's top single-shot electron pressure measurement so far is 830 MPa. Because plasma contains electrons and much heavier ions, and both are expected to reach similar temperatures, the combined plasma pressure (electrons and ions) is estimated at around 1.6 GPa. To put this in perspective, one gigapascal is roughly ten thousand times the pressure of Earth's atmosphere at sea level, or about ten times the pressure at the bottom of the Mariana Trench.

These pressures were maintained for about a microsecond (one millionth of a second) and measured using optical Thomson scattering, a technique regarded as the most reliable method for determining plasma conditions.




Recent experiments with FuZE-3 have produced multiple repeatable shots with electron densities between 3-5x1024 m-3 and electron temperatures above 1 keV (equal to 21,000,000 degrees Fahrenheit).

"This was a major effort by the team that was successful because of a tightly coupled cycle of theoretical predictions, computational modeling, rapid build and test engineering, experimental validation, and measurement expertise," says Ben Levitt, Vice President of R&D. "With a smaller system we have the benefit of being able to move quickly, and achieving these results in systems that are a fraction of the size and cost of fusion devices of comparable performance is a big part of what makes this such a significant accomplishment."

Designing FuZE-3 for Higher Fusion Performance

FuZE-3 is the third version of the FuZE platform and the fifth sheared-flow-stabilized Z-pinch device that Zap has built. The original FuZE machine, which was the first to reach temperatures above 1 keV, has since been retired. FuZE-Q, which remains in operation, is currently the company's top performer in terms of power and fusion neutron yield.

The goal for FuZE-3 is to reach higher values of the triple product, a key fusion metric that combines density, temperature and confinement time. To support this, the system includes three electrodes and two capacitor banks.

Independent Control of Acceleration and Compression

Earlier Z-pinch tests at Zap relied on a single electrical pulse moving between two electrodes, which required the same power source to both accelerate the plasma to create stabilizing flow and compress it into a Z pinch.




"The capability to independently control plasma acceleration and compression gives us a new dial to tune the physics and increase the plasma density," says Adams. "The two-electrode systems have been effective at heating, but lacked the compression targeted in our theoretical models."

Although the new data show very high pressures, Zap's approach is based on quasi-steady-state magnetic confinement. This is different from inertial fusion systems that rely on intense, nanosecond-long pulses from large arrays of lasers (or in some cases other Z-pinches) to rapidly crush a target. For Zap's method, controlling the stabilizing flow that keeps the plasma well behaved is just as critical as achieving strong compression.

Early Progress and the Push Toward Higher Triple Products

Zap's newest findings from FuZE-3 are still preliminary as the team continues active experimental campaigns. Additional insights are being shared at the APS DPP meeting, and the group intends to publish detailed results in scientific journals in the coming months.

"We're really just getting started with FuZE-3," says Levitt. "It was built and commissioned just recently, we're generating lots of high-quality shots with high repeatability, and we have plenty of headroom to continue making rapid progress in fusion performance. We'll be integrating lessons from FuZE-3 into our next generation systems as we continue advancing toward commercial fusion."

Testing on FuZE-3 will continue while Zap prepares to bring another next generation FuZE device online this winter. Work on future power plant systems is progressing at the same time, supported by the Century demonstration platform.

About Zap Energy

Zap Energy is developing a compact, lower-cost fusion system that confines and compresses plasma without the large and complex magnetic coils used in many other approaches. The company's sheared-flow-stabilized Z-pinch technology promises more favorable fusion economics and requires far less capital than conventional designs. Zap Energy employs 150 people in Seattle and San Diego and is supported by leading strategic and financial investors.
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MIT ultrasonic tech pulls drinking water from air in minutes | ScienceDaily
Feeling thirsty? It may be possible to draw clean water directly from the air around us. Even extremely dry regions contain small amounts of humidity, and certain materials can soak up that moisture and release it as usable drinking water. Over the past several years, researchers have created a range of sponge-like materials that make this type of "atmospheric water harvesting" possible.


						
Extracting the captured water usually involves heat -- and a long wait. Most current systems rely on sunlight to warm these materials until the trapped moisture evaporates and condenses into liquid. This slow step can take many hours or even stretch into days.

MIT engineers have now identified a much faster method for recovering this water. Instead of relying on solar heating, the team uses ultrasonic vibrations that shake the moisture loose.

Ultrasonic Vibrations Offer a Faster Alternative

The researchers created a high-frequency ultrasonic device that vibrates rapidly. When a water-absorbing material, or "sorbent," sits on top of the device, it sends out ultrasound waves tuned to break the bonds holding water molecules in place. Their tests showed that this approach frees the water within minutes, while heat-driven systems typically require tens of minutes or several hours.

Because it does not use heat, the device needs a power source. The team suggests that a small solar cell could supply electricity and also act as a sensor to detect when the material is saturated. The system could even be set to activate automatically whenever enough water has accumulated. Such automation would allow the setup to collect and release water repeatedly throughout the day.

A Step Toward Practical Air-to-Water Systems

"People have been looking for ways to harvest water from the atmosphere, which could be a big source of water particularly for desert regions and places where there is not even saltwater to desalinate," says Svetlana Boriskina, principal research scientist in MIT's Department of Mechanical Engineering. "Now we have a way to recover water quickly and efficiently."




Boriskina and her coauthors describe the device in a study published on November 18 in Nature Communications. The paper was led by first author Ikra Iftekhar Shuvo, an MIT graduate student in media arts and sciences, along with Carlos Diaz-Marin, Marvin Christen, Michael Lherbette, and Christopher Liem.

Improving Atmospheric Water Harvesting

Boriskina's research group develops materials that interact with environmental conditions in innovative ways. Recently, they explored atmospheric water harvesting (AWH) and how materials can be engineered to pull moisture from the air efficiently. The long-term goal is to provide a reliable source of drinking water for communities that lack both freshwater and saltwater supplies.

Like many other teams, they initially assumed that AWH systems placed outdoors would take in moisture overnight and then rely on sunlight during the day to release it through evaporation and condensation.

"Any material that's very good at capturing water doesn't want to part with that water," Boriskina explains. "So you need to put a lot of energy and precious hours into pulling water out of the material."

A New Direction Sparked by Ultrasound Research

The idea for a faster method emerged after Ikra Shuvo joined the group. Shuvo had been working with ultrasound for wearable medical devices, and during discussions with Boriskina, they realized that ultrasonic vibrations might dramatically speed the water-release step in atmospheric water harvesting.




"It clicked: We have this big problem we're trying to solve, and now Ikra seemed to have a tool that can be used to solve this problem," Boriskina recalls.

How Ultrasound Shakes Water Free

Ultrasound refers to acoustic pressure waves that exceed 20 kilohertz (20,000 cycles per second). These high-frequency waves are invisible and inaudible to humans. The team found that at the right frequency, ultrasound can shake water molecules free from the material holding them.

"With ultrasound, we can precisely break the weak bonds between water molecules and the sites where they're sitting," Shuvo says. "It's like the water is dancing with the waves, and this targeted disturbance creates momentum that releases the water molecules, and we can see them shake out in droplets."

Designing a High-Frequency Actuator

Shuvo and Boriskina built an ultrasonic actuator specifically for atmospheric water harvesting. At its center is a flat ceramic ring that vibrates when voltage is applied. Around it is another ring containing tiny nozzles. As droplets shake loose, they fall through the nozzles into collection containers placed above and below the vibrating ring.

The team tested the device using previously developed AWH materials. They placed small, quarter-sized pieces of the sorbent in a humidity chamber at different humidity levels until each sample became fully saturated. Each sample was then placed on the actuator and vibrated at ultrasonic frequencies. In every test, the actuator released enough moisture to dry the material within minutes.

Efficiency Gains and Practical Potential

The researchers estimate that the ultrasonic method is 45 times more efficient than relying on solar heat when extracting water from the same material.

"The beauty of this device is that it's completely complementary and can be an add-on to almost any sorbent material," Boriskina says. She imagines a household system that uses a fast-absorbing material paired with an ultrasonic actuator, each roughly the size of a window. When the material becomes saturated, the actuator would briefly activate using power from a solar cell, shake out the water, and then reset for another cycle.

"It's all about how much water you can extract per day," she says. "With ultrasound, we can recover water quickly, and cycle again and again. That can add up to a lot per day."

This work was supported, in part, by the MIT Abdul Latif Jameel Water and Food Systems Lab and the MIT-Israel Zuckerman STEM Fund.
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Massive hidden structures deep inside Earth may explain how life began | ScienceDaily
For many years, researchers have puzzled over two enormous and unusual features hidden deep inside Earth. Their size, shape and behavior are so extreme that traditional ideas about how the planet formed and evolved have struggled to explain them.


						
A recent study in Nature Geoscience, led by Rutgers geodynamicist Yoshinori Miyazaki with a team of collaborators, presents a new interpretation that may finally clarify the origins of these structures and how they relate to Earth's long-term habitability.

These features, called large low-shear-velocity provinces and ultra-low-velocity zones, rest at the boundary between the mantle and the core nearly 1,800 miles below the surface. Large low-shear-velocity provinces are enormous masses of extremely hot, dense rock, with one positioned beneath Africa and the other under the Pacific Ocean. Ultra-low-velocity zones resemble thin, partly molten layers that cling to the core in puddle-like patches. Both strongly slow seismic waves, suggesting they contain materials or conditions unlike the surrounding mantle.

"These are not random oddities," said Miyazaki, an assistant professor in the Department of Earth and Planetary Sciences in the Rutgers School of Arts and Sciences. "They are fingerprints of Earth's earliest history. If we can understand why they exist, we can understand how our planet formed and why it became habitable."

Clues From Earth's Magma Ocean Past

According to Miyazaki, Earth was once encased in a global ocean of molten rock. As this ancient magma ocean cooled, many scientists expected the mantle to have developed distinct chemical layers, similar to how frozen juice separates into sugary concentrate and watery ice. However, seismic observations reveal no such clear layering. Instead, large low-shear-velocity provinces and ultra-low velocity zones appear to form complex, uneven piles at the bottom of the mantle.

"That contradiction was the starting point," Miyazaki said. "If we start from the magma ocean and do the calculations, we don't get what we see in Earth's mantle today. Something was missing."

Leaking Core Materials and a Long-Lost Magma Layer




The research team suggested that the missing factor is the core itself. Their model indicates that over billions of years, elements such as silicon and magnesium gradually escaped from the core into the mantle. This mixing would have disrupted the formation of strong chemical layers. It may also account for the unusual composition of the large low-shear-velocity provinces and ultra-low-velocity zones, which the scientists interpret as the cooled remains of a "basal magma ocean" altered by core-derived material.

"What we proposed was that it might be coming from material leaking out from the core," Miyazaki said. "If you add the core component, it could explain what we see right now."

How Deep-Earth Processes Shape Planetary Habitability

Miyazaki noted that the implications stretch beyond mineral chemistry. Interactions between the mantle and core may have influenced how Earth released heat, how volcanic activity developed and even how the atmosphere changed over time. This perspective may help clarify why Earth ended up with oceans and life, while Venus became extremely hot and Mars turned cold and barren.

"Earth has water, life and a relatively stable atmosphere," Miyazaki said. "Venus' atmosphere is 100 times thicker than Earth's and is mostly carbon dioxide, and Mars has a very thin atmosphere. We don't fully understand why that is. But what happens inside a planet, that is, how it cools, how its layers evolve, could be a big part of the answer."

A New Framework for Understanding Earth's Interior

By bringing together seismic observations, mineral physics and geodynamic simulations, the team reframed large low-shear-velocity provinces and ultra-low-velocity zones as essential records of how Earth formed. The study also suggests that these deep features may help fuel volcanic hotspots such as Hawaii and Iceland, creating a direct link between Earth's interior and the surface.




"This work is a great example of how combining planetary science, geodynamics and mineral physics can help us solve some of Earth's oldest mysteries," said Jie Deng of Princeton University, a co-author of the study. "The idea that the deep mantle could still carry the chemical memory of early core-mantle interactions opens up new ways to understand Earth's unique evolution."

The researchers noted that each new insight brings them closer to reconstructing the planet's earliest chapters. Bits of evidence that once seemed isolated now appear to fit together in a more coherent story.

"Even with very few clues, we're starting to build a story that makes sense," Miyazaki said. "This study gives us a little more certainty about how Earth evolved, and why it's so special."
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Quantum computers just simulated physics too complex for supercomputers | ScienceDaily
Scientists study matter under extreme conditions to uncover some of nature's most fundamental behaviors. The Standard Model of particle physics contains the equations needed to describe these phenomena, but in many real situations such as fast-changing environments or extremely dense matter, those equations become too complex for even the most advanced classical supercomputers to handle.


						
Quantum computing offers a promising alternative because, in principle, it can represent and simulate these systems far more efficiently. A major challenge, however, is finding reliable methods to set up the initial quantum state that a simulation needs. In this work, researchers achieved a first: they created scalable quantum circuits capable of preparing the starting state of a particle collision similar to those produced in particle accelerators. Their test focuses on the strong interactions described by the Standard Model.

The team began by determining the required circuits for small systems using classical computers. Once those designs were known, they applied the circuits' scalable structure to build much larger simulations directly on a quantum computer. Using IBM's quantum hardware, they successfully simulated key features of nuclear physics on more than 100 qubits.

Scalable Quantum Methods for High-Density Physics

These scalable quantum algorithms open the door to simulations that were previously out of reach. The approach can be used to model the vacuum state before a particle collision, physical systems with extremely high densities, and beams of hadrons. Researchers anticipate that future quantum simulations built on these circuits will exceed what classical computing can accomplish.

Such simulations could shed light on major open questions in physics, including the imbalance of matter and antimatter, the creation of heavy elements inside supernovae, and the behavior of matter at ultra-high densities. The same techniques may also help model other difficult systems, including exotic materials with unusual quantum properties.

Nuclear physicists used IBM's quantum computers to perform the largest digital quantum simulation ever completed. Their success stemmed in part from identifying patterns in physical systems, including symmetries and differences in length scales, which helped them design scalable circuits that prepare states with localized correlations. They demonstrated the effectiveness of this algorithm by preparing the vacuum state and hadrons within a one-dimensional version of quantum electrodynamics.




Advancing from Small Models to Large-Scale Quantum Systems

The team validated their circuit components by first testing them on small systems with classical computing tools, confirming that the resulting states could be systematically improved. They then expanded the circuits to handle more than 100 qubits and ran them on IBM's quantum devices. Using the data from these simulations, scientists extracted properties of the vacuum with percent-level accuracy.

They also used the circuits to generate pulses of hadrons, then simulated how those pulses evolved over time to track their propagation. These advances point toward a future in which quantum computers can carry out full dynamical simulations of matter under extreme conditions that lie well beyond the reach of classical machines.

This research received support from the Department of Energy (DOE) Office of Science, Office of Nuclear Physics, InQubator for Quantum Simulation (IQuS) through the Quantum Horizons: QIS Research and Innovation for Nuclear Science Initiative, and the Quantum Science Center (QSC), a DOE and University of Washington National Quantum Information Science Research Center. Additional computing resources were provided by the Oak Ridge Leadership Computing Facility, a DOE Office of Science User Facility, and by the Hyak supercomputer system at the University of Washington. The team also acknowledges the use of IBM Quantum services for this project.
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Nanoscale trick makes "dark excitons" glow 300,000 times stronger | ScienceDaily
A research group at the City University of New York and the University of Texas at Austin has found a method to make dark excitons, a class of previously unseen light states, emit bright light and be controlled with nanoscale precision. The study, published November 12 in Nature Photonics, points toward future technologies that could operate faster, use less energy, and shrink to even smaller sizes.


						
Dark excitons form in ultra-thin semiconductor materials and normally remain undetectable because they release only faint light. Even so, scientists have long viewed them as promising for quantum information and advanced photonics because they interact with light in unusual ways, remain stable for relatively long periods, and experience less disruption from their surroundings, which helps reduce decoherence.

Amplifying Dark Excitons With Nanoscale Design

To bring these hidden states into view, the researchers created a tiny optical cavity built from gold nanotubes combined with a single layer of tungsten diselenide (WSe2), a material just three atoms thick. This structure increased the brightness of dark excitons by an extraordinary factor of 300,000, making them clearly observable and allowing their behavior to be precisely controlled.

"This work shows that we can access and manipulate light-matter states that were previously out of reach," said principal investigator Andrea Alu, Distinguished and Einstein Professor of Physics at the CUNY Graduate Center and founding director of the Photonics Initiative at the Advanced Science Research Center at the CUNY Graduate Center (CUNY ASRC). "By turning these hidden states on and off at will and controlling them with nanoscale resolution, we open exciting opportunities to disruptively advance next-generation optical and quantum technologies, including for sensing and computing."

Electric and Magnetic Control of Hidden Quantum States

The team also demonstrated that these dark excitons can be switched and adjusted using electric and magnetic fields. This level of control could support new designs for on-chip photonics, highly sensitive detectors, and secure quantum communication. Importantly, the method preserves the original characteristics of the material while still achieving record-setting improvements in light-matter coupling.




"Our study reveals a new family of spin-forbidden dark excitons that had never been observed before," said first author Jiamin Quan. "This discovery is just the beginning -- it opens a path to explore many other hidden quantum states in 2D materials."

Solving a Debate in Plasmonics

The findings also address a long-standing question of whether plasmonic structures can boost dark excitons without altering their fundamental nature when placed in close proximity. The researchers solved this by designing a plasmonic-excitonic heterostructure made with nanometer-thin boron nitride layers, which proved essential for revealing the newly identified dark excitons.

The work received support from the Air Force Office of Scientific Research, the Office of Naval Research, and the National Science Foundation.
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Nearly 47 million Americans live near hidden fossil fuel sites | ScienceDaily
Fossil fuels pollute the air when they are extracted and when they are burned, but the steps between those two points involve far more than familiar scenes of drilling equipment and smoke-filled power plants. These visible operations represent only the beginning and end of a five-stage process that brings fossil fuels from the ground to their final use.


						
Oil and gas move through several additional stages before reaching power facilities. They are refined to remove unwanted materials, stored in specialized facilities, and transported across the country. These activities form a vast mid-supply chain network that stretches across the United States and often operates out of public view.

Millions Live Near Fossil Fuel Infrastructure

A new analysis led by Boston University researchers provides the first nationwide estimate of how many people live close to this infrastructure. Published in Environmental Research Letters, the study finds that 46.6 million people in the contiguous United States live within 1.6 km (roughly a mile) of at least one component of the fossil fuel supply chain. This accounts for 14.1% of the population.

Previous studies have shown that communities near extraction sites and end-use facilities experience higher rates of adverse birth outcomes and asthma, and there is growing interest in potential links to other conditions, including leukemia. However, the health effects of living near facilities in the middle of the supply chain remain far less understood. Some sites in these stages have been found to emit volatile organic compounds and other harmful pollutants.

"This study helps us get a general size of the potential problem, and really starts the process of doing a better job of understanding exactly what the hazards are and how many people are potentially exposed," said Jonathan Buonocore, the paper's first author, an assistant professor of environmental health at BU's School of Public Health (SPH), and core faculty at BU's Institute for Global Sustainability (IGS). "Especially for these more obscure pieces of energy infrastructure, this is the first step to tracking what emissions and stressors those are imposing on the communities."

Where Americans Live Along the Energy Supply Chain

The researchers also examined how exposure varies across different types of infrastructure. Nearly 21 million Americans live near end-use facilities such as power plants. More than 20 million live within a mile of extraction sites, including oil and gas wells. Storage locations, which include peak shaving facilities, underground gas storage sites, and petroleum product terminals, have over 6 million nearby residents. Fewer people reside near refining or transportation facilities. About 9 million people live close to multiple infrastructure types, meaning they are counted in more than one category.




"There is reason to believe that there could be air pollution coming from each of these stages, from consistent pollution, gas leaks, or blowouts, when gas or oil flows from a well uncontrollably," said Mary Willis, the study's senior author, an assistant professor of epidemiology at SPH, and core faculty at IGS. "All of these stages can reasonably impact a range of population health outcomes, yet the basic information of who is even near the infrastructure components has not been examined to date."

Environmental Inequities and Urban Concentration

The study highlights clear disparities in where fossil fuel infrastructure is located. Communities that are predominantly non-white experience higher exposure across all stages of the supply chain, reinforcing findings from previous environmental justice research.

The analysis also shows that proximity is far more common in urban areas. Almost 90% of the people living near end-use, transportation, refining, and storage sites are located in cities.

Looking at individual infrastructure types revealed trends that could guide future policy. A single piece of storage infrastructure has, on average, 2,900 residents living within a mile, while an extraction site typically has only 17. This reflects the fact that extraction sites are more numerous but located in less populated regions, whereas storage facilities are fewer in number but tend to be placed in densely populated areas.

"That means that if a local policymaker in an urban area were to take interest in reducing exposures, they may receive the most impact per piece of infrastructure if they focus on storage," Buonocore said.




A New National Database Makes This Research Possible

This study is the first to use the Energy Infrastructure Exposure Intensity and Equity Indices (EI3) Database for Public Health, introduced by Buonocore and Willis in spring 2024 at the Power & People Symposium. The research team also included Fintan Mooney, Erin Campbell, Brian Sousa, Breanna van Loenen, Patricia Fabian, and Amruta Nori-Sarma.

Before EI3, information on fossil fuel infrastructure was scattered across local, state, and federal databases, and some data sources required payment or special access. With support from an IGS Sustainability Research Grant jointly funded by IGS and SPH, the team combined available data into a single national resource. Their dataset is hosted on Harvard Dataverse. The grant also helped launch the SPH Energy and Health Lab, which Buonocore and Willis co-direct.

"The study really shows that there are big knowledge gaps across the supply chain, in terms of the hazards people are being exposed to, the consequent health impacts, and who is being exposed," Buonocore said. "With a lot of these different types of infrastructure, the hazards have not been fully characterized. Characterizing hazards and understanding who is most heavily exposed should be the first steps of understanding the possible health impacts. This research takes the first steps down that path."

Looking Ahead to Better Policies and Future Research

Although some states and municipalities regulate where fossil fuel operations can take place, many areas still allow infrastructure to be located very close to homes and schools. The team hopes their work will lead to more studies that can support informed policymaking and improve public health. Future research may include detailed monitoring of air, water, noise, and light pollution near facilities, and investigations using new datasets such as Medicaid records or information on specific groups like pregnancy planners.

"We're really the first group thinking about this as an integrated system. By quantifying all of these factors at once, we're potentially able to, down the line, directly compare: what are the health effects of living near an extraction site, compared to living near a storage site?" Willis said. "Having that in one database is the first step to doing any health studies in the future on this integrated system."
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Supercomputers decode the strange behavior of Enceladus's plumes | ScienceDaily
In the 17th century, astronomers Christiaan Huygens and Giovanni Cassini pointed some of the earliest telescopes at Saturn and made a surprising discovery. The bright structures around the planet were not solid extensions of the world itself, but separate rings formed from many thin, nested arcs.


						
Centuries later, NASA's Cassini-Huygens (Cassini) mission carried that exploration into the space age. Starting in 2005, the spacecraft returned a flood of detailed images that reshaped scientists' view of Saturn and its moons. One of the most dramatic findings came from Enceladus, a small icy moon where towering geysers shot material into space, creating a faint sub-ring around Saturn made of the ejected debris.

New computer simulations run at the Texas Advanced Computing Center (TACC), using data collected by Cassini, now provide refined estimates of how much ice Enceladus is losing to space. The updated numbers are important for understanding the moon's internal activity and for planning future robotic missions that may explore its buried ocean, which could potentially support life.

"The mass flow rates from Enceladus are between 20 to 40 percent lower than what you find in the scientific literature," said Arnaud Mahieux, a senior researcher at the Royal Belgian Institute for Space Aeronomy and an affiliate of the UT Austin Department of Aerospace Engineering & Engineering Mechanics.

Supercomputers and DSMC Models Reveal Plume Physics

Mahieux is the corresponding author of a computational study of Enceladus published August 2025 in the Journal of Geophysical Research: Planets. In this work, he and his collaborators used Direct Simulation Monte Carlo (DSMC) models to better describe how enormous plumes of water vapor and icy grains behave after erupting from cracks and vents at the surface of Enceladus.

The project builds on earlier research led by Mahieux and published in 2019. That previous study was the first to use DSMC techniques to pin down the starting conditions for the plumes, including the size of the vents, the ratio of water vapor to solid ice grains, the temperature of the material, and the speed at which it escapes into space.




"DSMC simulations are very expensive," Mahieux said. "We used TACC supercomputers back in 2015 to obtain the parameterizations to reduce computation time from 48 hours then to just a few milliseconds now."

Using these mathematical parameterizations, the team calculated key properties of Enceladus's cryovolcanic plumes, such as how dense they are and how fast the gas and particles move. They based their calculations on Cassini measurements collected while the spacecraft flew directly through the jets.

"The main finding of our new study is that for 100 cryovolcanic sources, we could constrain the mass flow rates and other parameters that were not derived before, such as the temperature at which the material was exiting. This is a big step forward in understanding what's happening on Enceladus," Mahieux said.

A Tiny Moon With Powerful Cryovolcanic Jets

Enceladus is a relatively small moon, only about 313 miles wide, and its weak gravity is not strong enough to keep the erupting jets from escaping into space. The new DSMC models are designed to represent this low-gravity environment accurately. Earlier models did not capture the physics and gas dynamics in as much detail as the current DSMC approach.

Mahieux compares the phenomenon to a volcanic eruption. What Enceladus does is akin to a volcano hurling lava into space -- except the ejecta are plumes of water vapor and ice.




The simulations track how gas in the plumes behaves on very small scales, where individual particles move, collide, and transfer energy in a way similar to marbles bouncing into one another. The models follow several millions of molecules in time steps measured in microseconds. Because of the DSMC method, scientists can now simulate conditions at lower, more realistic pressures and allow for longer distances between collisions than previous models could handle.

The Planet Code and the Power of TACC Supercomputers

David Goldstein, a professor at UT Austin and co-author of the study, led the development in 2011 of the DSMC code known as Planet. TACC granted Goldstein computing time on its Lonestar6 and Stampede3 supercomputers through The University of Texas Research cyberinfrastructure portal, which provides resources to researchers across all 14 UT system institutions.

"TACC systems have a wonderful architecture that offer a lot of flexibility," Mahieux said. "If we're using the DSMC code on just a laptop, we could only simulate tiny domains. Thanks to TACC, we can simulate from the surface of Enceladus up to 10 kilometers of altitude, where the plumes expand into space."

Enceladus and the Family of Icy Ocean Worlds

Saturn orbits beyond what astronomers call the "snow line" in the solar system, along with other giant planets that host icy moons, including Jupiter, Uranus, and Neptune.

"There is an ocean of liquid water under these 'big balls of ice,'" Mahieux said. "These are many other worlds, besides the Earth, which have a liquid ocean. The plumes at Enceladus open a window to the underground conditions."

Because the plumes carry material from deep below the surface into space, they offer a rare natural sample of the hidden ocean, without the need to drill through miles of ice.

Future Missions and the Search for Life

NASA and the European Space Agency are planning new missions that would return to Enceladus with far more ambitious goals than simple flybys. Some proposals envision landing spacecraft on the surface and drilling through the crust to reach the ocean beneath, in order to look for chemical signs of life that might be preserved there.

In the meantime, measuring what is inside the plumes and how much material they carry gives scientists a powerful indirect way to study the subsurface environment. By analyzing the jets, researchers can infer conditions in the ocean without having to physically bore through the ice shell.

"Supercomputers can give us answers to questions we couldn't dream of asking even 10 or 15 years ago," Mahieux said. "We can now get much closer to simulating what nature is doing."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251117095650.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



This tiny quantum clock packs a billion-fold energy mystery | ScienceDaily
A team led by the University of Oxford has uncovered an unexpected contributor to entropy in quantum timekeeping: the act of measurement itself. In findings published on November 14 in Physical Review Letters, the researchers show that the energy required to read a quantum clock is far greater than the energy needed to run it. Their results point to new challenges and opportunities for developing next-generation quantum technologies.


						
Traditional clocks, from pendulums to atomic oscillators, depend on irreversible processes to track time. At the quantum level, these processes become extremely weak or may barely occur at all, which makes reliable timekeeping far more complicated. Devices such as quantum sensors and navigation systems, which rely on precise timing, will need internal clocks that use energy sparingly. Until now, the thermodynamic behavior of these systems has remained largely unknown.

Investigating the Real Energy Cost of Time

The researchers set out to determine the true thermodynamic burden of keeping time in the quantum realm and to separate how much of that cost is caused by the act of measurement.

To explore this, they built a tiny clock that uses single electrons hopping between two nanoscale regions (known as a double quantum dot). Each hop serves as a clock-like tick. The team then monitored these ticks using two different techniques; one measured extremely small electric currents, while the other used radio waves to detect subtle changes in the system. In both approaches, the detectors convert quantum events (electron jumps) into classical information that can be recorded: a quantum-to-classical transition.

A Billion-Fold Measurement Energy Surprise

The team calculated the entropy (amount of energy dissipated) generated both by the clock itself (i.e., the double quantum dot) and by the measurement devices. They found that the energy required to read the quantum clock (i.e., to convert its tiny signals into something measurable) can be up to a billion times larger than the energy used by the clockwork. This result challenges the long-held belief that measurement costs in quantum physics are negligible. It also reveals something striking: observation introduces irreversibility, which is what gives time its forward direction.




This finding overturns the usual expectation that improving quantum clocks requires better quantum components. Instead, the researchers argue that future progress depends on designing measurement methods that gather information more efficiently.

Rethinking Efficiency in Quantum Clock Design

Lead author Professor Natalia Ares (Department of Engineering Science, University of Oxford) said: "Quantum clocks running at the smallest scales were expected to lower the energy cost of timekeeping, but our new experiment reveals a surprising twist. Instead, in quantum clocks the quantum ticks far exceed that of the clockwork itself."

According to the researchers, this imbalance might actually offer an advantage. The additional energy used during measurement can provide richer information about the clock's behavior, not only counting ticks but capturing every minor fluctuation. This could make it possible to build highly precise clocks that operate more efficiently.

Co-author Vivek Wadhia (PhD student, Department of Engineering Science) said: "Our results suggest that the entropy produced by the amplification and measurement of a clock's ticks, which has often been ignored in the literature, is the most important and fundamental thermodynamic cost of timekeeping at the quantum scale. The next step is to understand the principles governing efficiency in nanoscale devices so that we can design autonomous devices that compute and keep time far more efficiently, as nature does."

Co-author Florian Meier (PhD student, Technische Universitat Wien) said: "Beyond quantum clocks, the research touches on deep questions in physics, including why time flows in one direction. By showing that it is the act of measuring -- not just the ticking itself -- that gives time its forward direction, these new findings draw a powerful connection between the physics of energy and the science of information."

The study also involved researchers from TU Wien and Trinity College Dublin.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251117091138.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



"Great Unified Microscope" reveals micro and nano worlds in a single view | ScienceDaily
Researchers Kohki Horie, Keiichiro Toda, Takuma Nakamura, and Takuro Ideguchi at the University of Tokyo have created a microscope capable of detecting signals across an intensity range fourteen times broader than that of standard instruments. The system also works label-free, meaning it does not rely on added dyes. This gentle approach allows cells to remain unharmed during long-term imaging, which could benefit testing and quality control in pharmaceutical and biotechnology settings. The study appears in Nature Communications.


						
Microscopes have driven scientific progress since the 16th century, but major improvements have often required increasingly specialized tools. As techniques became more advanced, they also faced tradeoffs in what they could measure. Quantitative phase microscopy (QPM) uses forward-scattered light to visualize structures at the microscale (in this study, over 100 nanometers), which makes it useful for capturing still images of complex cell features. However, QPM cannot detect very small particles. Interferometric scattering (iSCAT) microscopy works differently by capturing back-scattered light and can detect structures as tiny as single proteins. While iSCAT enables researchers to "track" individual particles and observe rapid changes inside cells, it lacks the wider view offered by QPM.

Capturing Two Directions of Light at Once

"I would like to understand dynamic processes inside living cells using non-invasive methods," says Horie, one of the first authors.

Motivated by this goal, the team examined whether collecting light from both directions at the same time could bridge the gap and reveal activity across a broad range of sizes and motions in a single image. To explore the idea and confirm that their microscope performed as expected, they observed how cells behaved during cell death. In one experiment, they captured an image that contained information from both forward- and backward-traveling light.

Separating Overlapping Signals

"Our biggest challenge," Toda, another first author, explains, "was cleanly separating two kinds of signals from a single image while keeping noise low and avoiding mixing between them."

The researchers succeeded in identifying the movement of larger cell structures (micro) as well as much smaller particles (nano). By comparing the patterns in forward- and back-scattered light, they could estimate each particle's size and its refractive index, which describes how strongly light bends or scatters when it passes through a material.

Future Applications for Smaller Particles

"We plan to study even smaller particles," Toda says, already thinking about future research, "such as exosomes and viruses, and to estimate their size and refractive index in different samples. We also want to reveal how living cells move toward death by controlling their state and double-checking our results with other techniques."
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Astronomers unveil the surprising hidden geometry of a supernova | ScienceDaily
Swift observations with the European Southern Observatory's Very Large Telescope (ESO's VLT) have captured a star in the act of exploding, right as the blast pushed through its surface. This moment revealed the shape of the explosion during its earliest stage, a phase so brief that it would have disappeared from view within a day. Scientists have long hoped to observe this initial moment because it helps answer key questions about how massive stars end their lives as supernovae.


						
SN 2024ggi was first noticed on the night of 10 April 2024 local time. At that moment, Yi Yang, an assistant professor at Tsinghua University in Beijing, China, and lead author of the study, had just arrived in San Francisco after a long flight. Realizing the urgency, he moved quickly. Twelve hours later, he submitted an observation request to ESO, which approved it soon after. By April 11, only 26 hours after the discovery, the VLT in Chile was already observing the event.

A Rare Nearby Explosion

The supernova is located in the galaxy NGC 3621, in the direction of the constellation Hydra, approximately 22 million light-years away. For astronomers, this distance is close enough to investigate the blast in fine detail. Using the VLT and specialized instruments, the international team captured the early behavior of the explosion. "The first VLT observations captured the phase during which matter accelerated by the explosion near the centre of the star shot through the star's surface. For a few hours, the geometry of the star and its explosion could be, and were, observed together," says Dietrich Baade, an ESO astronomer in Germany and co-author of the study, published on November 12 in Science Advances.

"The geometry of a supernova explosion provides fundamental information on stellar evolution and the physical processes leading to these cosmic fireworks," Yang explains. Scientists are still investigating the exact steps that trigger the explosions of massive stars, which are defined as stars more than eight times the mass of the Sun. SN 2024ggi began as a red supergiant with a mass between 12 and 15 times that of the Sun and a radius 500 times larger. This makes it a textbook example of a massive star approaching the end of its life.

What Happens When a Massive Star Runs Out of Fuel

Throughout its life, a star keeps a stable spherical shape because gravity pulls inward while pressure from nuclear fusion pushes outward. When the star exhausts its fuel, this balance collapses. The core gives way, the surrounding layers fall inward, and then bounce off the dense center. This rebound launches a shock wave that travels outward, ultimately tearing the star apart.




Once the shock reaches the surface, energy is released in enormous amounts and the supernova becomes visible. During the short window before the explosion interacts with surrounding material, astronomers can study the initial breakout shape.

Revealing Hidden Geometry with Spectropolarimetry

To capture this early structure, astronomers used a technique called 'spectropolarimetry'. "Spectropolarimetry delivers information about the geometry of the explosion that other types of observation cannot provide because the angular scales are too tiny," says Lifan Wang, co-author and professor at the Texas A&M University in the US, who began his career as a student at ESO. Although the exploding star appears as a single point of light, the polarization of that light contains subtle signals about the explosion's shape, which the team successfully decoded.[1]

The VLT's FORS2 instrument, the only facility in the southern hemisphere able to make this type of measurement, revealed that the first burst of material resembled the shape of an olive. As the blast expanded and encountered material surrounding the star, the shape grew flatter, although the axis of symmetry stayed consistent. Yang notes that "these findings suggest a common physical mechanism that drives the explosion of many massive stars, which manifests a well-defined axial symmetry and acts on large scales."

Advancing Supernova Science Through Global Collaboration

These observations allow scientists to eliminate some existing models and refine others, improving our understanding of massive star deaths. "This discovery not only reshapes our understanding of stellar explosions, but also demonstrates what can be achieved when science transcends borders," says co-author and ESO astronomer Ferdinando Patat. "It's a powerful reminder that curiosity, collaboration, and swift action can unlock profound insights into the physics shaping our Universe."

Notes
    	Light particles (photons) have a property called polarization. In a sphere, the shape of most stars, the polarization of the individual photons cancels out so that the net polarization of the object is zero. When astronomers measure a non-zero net polarization, they can use that measurement to infer the shape of the object -- a star or a supernova -- emitting the observed light.

This research was presented in a paper published in Science Advances.

The team is composed of Y. Yang (Department of Physics, Tsinghua University, China [Tsinghua University]), X. Wen (School of Physics and Astronomy, Beijing Normal University, China [Beijing Normal University] and Tsinghua University), L. Wang (Department of Physics and Astronomy, Texas A&M University, USA [Texas A&M University] and George P. and Cynthia Woods Mitchell Institute for Fundamental Physics & Astronomy Texas A&M University, USA [IFPA Texas A&M University]), D. Baade (European Organisation for Astronomical Research in the Southern Hemisphere, Germany [ESO]), J. C. Wheeler (University of Texas at Austin, USA), A. V. Filippenko (Department of Astronomy, University of California, Berkeley, USA [UC Berkeley] and Hagler Institute for Advanced Study, Texas A&M University, USA), A. Gal-Yam (Department of Particle Physics and Astrophysics, Weizmann Institute of Science, Israel), J. Maund (Department of Physics, Royal Holloway, University of London, United Kingdom), S. Schulze (Center for Interdisciplinary Exploration and Research in Astrophysics, Northwestern University, USA), X. Wang (Tsinghua University), C. Ashall (Department of Physics, Virginia Tech, USA and Institute for Astronomy, University of Hawai'i at Manoa, USA), M. Bulla (Department of Physics and Earth Science, University of Ferrara, Italy and INFN, Sezione di Ferrara, Italy and INAF, Osservatorio Astronomico d'Abruzzo, Italy), A. Cikota (Gemini Observatory/NSF NOIRLab, Chile), H. Gao (Beijing Normal University and Institute for Frontier in Astronomy and Astrophysics, Beijing Normal University, China), P. Hoeflich (Department of Physics, Florida State University, USA), G. Li (Tsinghua University), D. Mishra (Texas A&M University and IFPA Texas A&M University), Ferdinando Patat (ESO), K. C. Patra (California and Department of Astronomy & Astrophysics, University of California, Santa Cruz, USA), S. S. Vasylyev (UC Berkeley), S. Yan (Tsinghua University).
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Astronomers discover thousands of hidden siblings of the "Seven Sisters" | ScienceDaily
Astronomers at the University of North Carolina at Chapel Hill have found that the well-known Pleiades star cluster, often called the "Seven Sisters," represents only the bright center of a much larger community of related stars. By analyzing data from NASA's Transiting Exoplanet Survey Satellite (TESS) and the European Space Agency's Gaia space telescope, the team identified thousands of additional stellar relatives spread far across the sky. They refer to this enormous structure as the Greater Pleiades Complex, and their results show that the Pleiades is about 20 times larger than scientists once believed.


						
Most stars, including the Sun, form within groups. As they age, these groups gradually disperse, which makes it difficult to track which stars were born together. Astronomers can use stellar rotation as a "cosmic clock," since young stars spin quickly and older stars slow down over time. The UNC-Chapel Hill team used this technique to locate many long-lost members of the Pleiades spread far beyond the central cluster. With rotation data from NASA's TESS and precise measurements from ESA's Gaia, they concluded that the Pleiades is not a compact grouping but the dense core of a much larger and slowly dispersing stellar association.

"This study changes how we see the Pleiades -- not just seven bright stars, but thousands of long-lost siblings scattered across the whole sky," said Andrew Boyle, lead author and graduate student in physics and astronomy at UNC-Chapel Hill.

Cultural Significance and Expanding Scientific Insight

The discovery reaches beyond astrophysics. The Pleiades has long served as a key reference point for understanding young stars and exoplanets, and it holds cultural meaning across many societies. It appears in the Old Testament and the Talmud, is honored as Matariki in New Zealand, and is depicted in the logo of Subaru in Japan. "We're realizing that many stars near the Sun are part of massive extended stellar families with complex structures," said Andrew Mann, co-author and professor of physics and astronomy at UNC-Chapel Hill. "Our work provides a new way to uncover these hidden relationships."

Mapping Hidden Structures in the Milky Way

By studying how stars rotate, the researchers developed a new way to map our region of the Galaxy. Their findings suggest that many star clusters once thought to be isolated may actually belong to much larger stellar families. This method may eventually help scientists investigate the Sun's own origins and determine whether it formed within a similarly extensive stellar group.




"By measuring how stars spin, we can identify stellar groups too scattered to detect with traditional methods -- opening a new window into the hidden architecture of our Galaxy," Boyle said.

Understanding How Solar Systems Form

The research contributes to ongoing efforts to reconstruct the environments in which stars and planets are born. These insights are essential for understanding how solar systems, including our own, take shape and evolve over time.

The research paper is available online in The Astrophysical Journal.
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Physicists reveal a new quantum state where electrons run wild | ScienceDaily
Electricity keeps modern life running, from cars and phones to computers and nearly every device we rely on. It works through the movement of electrons traveling through a circuit. Although these particles are far too small to see, the electric current they produce flows through wires in a way that resembles water moving through a pipe.


						
In some materials, however, this steady flow can suddenly lock into organized, crystal-like patterns. When electrons settle into these rigid arrangements, the material undergoes a shift in its state of matter and stops conducting electricity. Instead of acting like a metal, it behaves as an insulator. This unusual behavior provides scientists with valuable insight into how electrons interact and has opened the door to advances in quantum computing, high-performance superconductors used in energy and medical imaging, innovative lighting systems, and extremely precise atomic clocks.

A group of physicists at Florida State University, including National High Magnetic Field Laboratory Dirac Postdoctoral Fellow Aman Kumar, Associate Professor Hitesh Changlani, and Assistant Professor Cyprian Lewandowski, has now identified the specific conditions that allow a special kind of electron crystal to form. In this state, electrons arrange themselves in a solid lattice yet can also shift into a more fluid form. This hybrid phase is called a generalized Wigner crystal, and the team's findings appear in npj Quantum Materials, a Nature publication.

How Electron Crystals Form

Scientists have long known that electrons in thin, two-dimensional materials can solidify into Wigner crystals, a concept first proposed in 1934. Experiments in recent years have detected these structures, but researchers had not fully understood how they arise once additional quantum effects are considered.

"In our study, we determined which 'quantum knobs' to turn to trigger this phase transition and achieve a generalized Wigner crystal, which uses a 2D moire system and allows different crystalline shapes to form, like stripes or honeycomb crystals, unlike traditional Wigner crystals that only show a triangular lattice crystal," Changlani said.

To explore these conditions, the team relied on advanced computational tools at FSU's Research Computing Center, an academic service unit of Information Technology Services, as well as the National Science Foundation's ACCESS program (an advanced computing and data resource under the Office of Advanced Cyberinfrastructure). They used methods such as exact diagonalization, density matrix renormalization group, and Monte Carlo simulations to test how electrons behave under various scenarios.




Processing Enormous Amounts of Quantum Data

Quantum mechanics assigns two pieces of information to every electron, and when hundreds or thousands of electrons interact, the total amount of data becomes extremely large. The researchers used sophisticated algorithms to compress and organize this overwhelming information into networks that could be examined and interpreted.

"We're able to mimic experimental findings via our theoretical understanding of the state of matter," Kumar said. "We conduct precise theoretical calculations using state-of-the-art tensor network calculations and exact diagonalization, a powerful numerical technique used in physics to collect details about a quantum Hamiltonian, which represents the total quantum energy in a system. Through this, we can provide a picture for how the crystal states came about and why they're favored in comparison to other energetically competitive states."

A New Hybrid: The Quantum Pinball Phase

While studying the generalized Wigner crystal, the team uncovered another surprising state of matter. In this newly identified phase, electrons show both insulating and conducting behavior at the same time. Some electrons remain anchored in place within the crystal lattice, while others break free and move throughout the material. Their motion resembles a pinball ricocheting between stationary posts.

"This pinball phase is a very exciting phase of matter that we observed while researching the generalized Wigner crystal," Lewandowski said. "Some electrons want to freeze and others want to float around, which means that some are insulating and some are conducting electricity. This is the first time this unique quantum mechanical effect has been observed and reported for the electron density we studied in our work."

Why These Discoveries Matter




These results expand scientists' ability to understand and control how matter behaves at the quantum level.

"What causes something to be insulating, conducting or magnetic? Can we transmute something into a different state?" Lewandowski said. "We're looking to predict where certain phases of matter exist and how one state can transition to another -- when you think of turning a liquid into gas, you picture turning up a heat knob to get water to boil into steam. Here, it turns out there are other quantum knobs we can play with to manipulate states of matter, which can lead to impressive advances in experimental research."

By adjusting these quantum knobs, or energy scales, researchers can push electrons from solid to liquid phases within these materials. Understanding Wigner crystals and their related states may shape the future of quantum technologies, including quantum computing and spintronics -- a rapidly evolving area of condensed-matter physics that promises faster, more efficient nano-electronic devices with lower energy use and reduced manufacturing costs.

The team aims to further explore how electrons cooperate and influence one another in complex systems. Their goal is to address fundamental questions that could ultimately drive innovations in quantum, superconducting, and atomic technologies.
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Princeton's new quantum chip marks a major step toward quantum advantage | ScienceDaily
Princeton engineers have created a superconducting qubit that remains stable for three times longer than the strongest designs available today. This improvement represents an important move toward building quantum computers that can operate reliably.


						
"The real challenge, the thing that stops us from having useful quantum computers today, is that you build a qubit and the information just doesn't last very long," said Andrew Houck, leader of a federally funded national quantum research center, Princeton's dean of engineering and co-principal investigator on the paper. "This is the next big jump forward."

In a Nov. 5 article published in Nature, the Princeton team reported that their qubit maintains coherence for more than 1 millisecond. This performance is triple the longest lifetime documented in laboratory experiments and nearly fifteen times greater than the standard used in industrial quantum processors. To confirm the result, the team constructed a functioning quantum chip based on the new qubit, demonstrating that the design can support error correction and scale toward larger systems.

The researchers noted that their qubit is compatible with the architectures used by major companies such as Google and IBM. According to their analysis, replacing key components in Google's Willow processor with Princeton's approach could increase its performance by a factor of 1,000. Houck added that as quantum systems incorporate more qubits, the advantages of this design increase even more rapidly.

Why Better Qubits Matter for Quantum Computing

Quantum computers show promise for solving problems that traditional computers cannot address. Yet their current abilities remain limited because qubits lose their information before complex calculations can be completed. Extending coherence time is therefore essential for building practical quantum hardware. Princeton's improvement represents the largest single gain in coherence time in more than ten years.

Many labs are pursuing different qubit technologies, but Princeton's design builds on a widely used approach known as the transmon qubit. Transmons, which operate as superconducting circuits held at extremely low temperatures, are known for being resistant to environmental interference and compatible with modern manufacturing tools.




Despite these strengths, increasing the coherence time of transmon qubits has proven difficult. Recent results from Google showed that material defects now pose the main barrier to improving their newest processor.

Tantalum and Silicon: A New Materials Strategy

The Princeton team developed a two-part strategy to address these material challenges. First, they incorporated tantalum, a metal known for helping delicate circuits retain energy. Second, they replaced the standard sapphire substrate with high-purity silicon, a material foundational to the computing industry. Growing tantalum directly on silicon required solving several technical problems related to how the two materials interact, but the researchers succeeded and uncovered significant advantages in the process.

Nathalie de Leon, co-director of Princeton's Quantum Initiative and co-principal investigator of the project, said the tantalum-silicon design not only performs better than previous approaches but is also simpler to manufacture at scale. "Our results are really pushing the state of the art," she said.

Michel Devoret, chief scientist for hardware at Google Quantum AI, which provided partial funding, described the difficulty of extending the lifetime of quantum circuits. He noted that the challenge had become a "graveyard" of attempted solutions. "Nathalie really had the guts to pursue this strategy and make it work," said Devoret, the 2025 Nobel Prize winner in physics.

The project received primary funding from the U.S. Department of Energy National Quantum Information Science Research Centers and the Co-design Center for Quantum Advantage (C2QA), a center directed by Houck from 2021 to 2025 and where he now serves as chief scientist. The paper lists postdoctoral researcher Faranak Bahrami and graduate student Matthew P. Bland as co-lead authors.




How Tantalum Improves Qubit Stability

Houck, the Anthony H.P. Lee '79 P11 P14 Professor of Electrical and Computer Engineering, explained that a quantum computer's capability depends on two main factors. One is the total number of qubits that can be linked together. The other is how many operations each qubit can complete before errors accumulate. Improving the durability of a single qubit strengthens both of these factors. Longer coherence time directly supports scaling and more reliable error correction.

Energy loss is the most common cause of failure in these systems. Microscopic surface defects in the metal can trap energy and disrupt the qubit during calculations. These disruptions multiply as more qubits are added. Tantalum is especially beneficial because it typically contains fewer of these defects than metals like aluminum. With fewer defects, the system produces fewer errors and simplifies the process of correcting the ones that remain.

Houck and de Leon introduced tantalum for superconducting chips in 2021 with help from Princeton chemist Robert Cava, the Russell Wellman Moore Professor of Chemistry. Cava, who specializes in superconducting materials, became interested in the problem after hearing one of de Leon's talks. Their conversations eventually led him to suggest tantalum as a promising material. "Then she went and did it," Cava said. "That's the amazing part."

Researchers across all three labs followed this idea and built a tantalum-based superconducting circuit on a sapphire substrate. The result showed a significant improvement in coherence time, approaching the previous world record.

Bahrami noted that tantalum stands out because it is extremely durable and can withstand the harsh cleaning used to remove contamination during fabrication. "You can put tantalum in acid, and still the properties don't change," she said.

Once contaminants were removed, the team evaluated the remaining energy losses. They found that the sapphire substrate was responsible for most of the remaining problems. Switching to high-purity silicon eliminated that source of loss, and the combination of tantalum and silicon, along with refined fabrication techniques, produced one of the biggest improvements ever achieved in a transmon qubit. Houck described the outcome as "a major breakthrough on the path to enabling useful quantum computing."

Houck added that because the benefits of the design increase exponentially as systems grow, replacing today's industry-leading qubits with the Princeton version could allow a theoretical 1,000-qubit computer to operate about 1 billion times more effectively.

Silicon-Based Design Supports Industry-Scale Growth

The project draws from three areas of expertise. Houck's group focuses on the design and optimization of superconducting circuits. De Leon's lab specializes in quantum metrology along with the materials and fabrication methods that determine qubit performance. Cava's group has spent decades developing superconducting materials. By combining their strengths, the team produced results that none of the groups could have achieved individually. Their success has already attracted attention from the quantum industry.

Devoret said collaborations between universities and companies are essential for moving advanced technologies forward. "There is a rather harmonious relationship between industry and academic research," he said. University researchers can investigate the fundamental limits of quantum performance, while industry partners apply those findings to large-scale systems.

"We've shown that it's possible in silicon," de Leon said. "The fact that we've shown what the critical steps are, and the important underlying characteristics that will enable these kinds of coherence times, now makes it pretty easy for anyone who's working on scaled processors to adopt."

The paper "Millisecond lifetimes and coherence times in 2D transmon qubits" was published in Nature on Nov. 5. Along with de Leon, Houck, Cava, Bahrami, and Bland, the authors include Jeronimo G.C. Martinez, Paal H. Prestegaard, Basil M. Smitham, Atharv Joshi, Elizabeth Hedrick, Alex Pakpour-Tabrizi, Shashwat Kumar, Apoorv Jindal, Ray D. Chang, Ambrose Yang, Guangming Cheng and Nan Yao. This research received primary support from the U.S. Department of Energy, Office of Science, National Quantum Information Science Research Centers, Co-design Center for Quantum Advantage (C2QA), and partial support from Google Quantum AI.
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AI creates the first 100-billion-star Milky Way simulation | ScienceDaily
Researchers led by Keiya Hirashima at the RIKEN Center for Interdisciplinary Theoretical and Mathematical Sciences (iTHEMS) in Japan, working with partners from The University of Tokyo and Universitat de Barcelona in Spain, have created the first Milky Way simulation capable of tracking more than 100 billion individual stars across 10 thousand years of evolution. The team achieved this milestone by pairing artificial intelligence (AI) with advanced numerical simulation techniques. Their model includes 100 times more stars than the most sophisticated earlier simulations and was generated more than 100 times faster.


						
The work, presented at the international supercomputing conference SC '25, marks a major step forward for astrophysics, high-performance computing, and AI-assisted modeling. The same strategy could also be applied to large-scale Earth system studies, including climate and weather research.

Why Modeling Every Star Is So Difficult

For many years, astrophysicists have aimed to build Milky Way simulations detailed enough to follow each individual star. Such models would allow researchers to compare theories of galactic evolution, structure, and star formation directly to observational data. However, simulating a galaxy accurately requires calculating gravity, fluid behavior, chemical element formation, and supernova activity across enormous ranges of time and space, which makes the task extremely demanding.

Scientists have not previously been able to model a galaxy as large as the Milky Way while maintaining fine detail at the level of single stars. Current cutting-edge simulations can represent systems with the equivalent mass of about one billion suns, far below the more than 100 billion stars that make up the Milky Way. As a result, the smallest "particle" in those models usually represents a group of roughly 100 stars, which averages away the behavior of individual stars and limits the accuracy of small-scale processes. The challenge is tied to the interval between computational steps: to capture rapid events such as supernova evolution, the simulation must advance in very small time increments.

Shrinking the timestep means dramatically greater computational effort. Even with today's best physics-based models, simulating the Milky Way star by star would require about 315 hours for every 1 million years of galactic evolution. At that rate, generating 1 billion years of activity would take over 36 years of real time. Simply adding more supercomputer cores is not a practical solution, as energy use becomes excessive and efficiency drops as more cores are added.

A New Deep Learning Approach

To overcome these barriers, Hirashima and his team designed a method that blends a deep learning surrogate model with standard physical simulations. The surrogate was trained using high-resolution supernova simulations and learned to predict how gas spreads during the 100,000 years following a supernova explosion without requiring additional resources from the main simulation. This AI component allowed the researchers to capture the galaxy's overall behavior while still modeling small-scale events, including the fine details of individual supernovae. The team validated the approach by comparing its results against large-scale runs on RIKEN's Fugaku supercomputer and The University of Tokyo's Miyabi Supercomputer System.




The method offers true individual-star resolution for galaxies with more than 100 billion stars, and it does so with remarkable speed. Simulating 1 million years took just 2.78 hours, meaning that 1 billion years could be completed in approximately 115 days instead of 36 years.

Broader Potential for Climate, Weather, and Ocean Modeling

This hybrid AI approach could reshape many areas of computational science that require linking small-scale physics with large-scale behavior. Fields such as meteorology, oceanography, and climate modeling face similar challenges and could benefit from tools that accelerate complex, multi-scale simulations.

"I believe that integrating AI with high-performance computing marks a fundamental shift in how we tackle multi-scale, multi-physics problems across the computational sciences," says Hirashima. "This achievement also shows that AI-accelerated simulations can move beyond pattern recognition to become a genuine tool for scientific discovery -- helping us trace how the elements that formed life itself emerged within our galaxy."
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Microquasars emerge as the Milky Way's most extreme particle engines | ScienceDaily
Milestone results released by the Large High Altitude Air Shower Observatory (LHAASO) on November 16 have finally clarified a decades-old puzzle in astrophysics: the unusual drop in cosmic ray counts above 3 PeV that produces what scientists call the "knee" in the cosmic ray energy spectrum.


						
The cause of this steep decline has remained mysterious since it was first identified nearly 70 years ago. Researchers long suspected that the feature reflects the highest energies that cosmic ray sources can reach, marking a shift in the spectrum from one power-law behavior to another.

Micro-quasars emerge as the likely origin of the "knee"

Two new studies -- published in National Science Review and Science Bulletin -- now point to micro-quasars powered by black hole accretion as the leading explanation. These studies show that these compact systems act as extremely powerful particle accelerators within the Milky Way and can plausibly generate the energies associated with the "knee." The findings also deepen scientific understanding of how black hole systems drive extreme physical processes.

The research team included scientists from the Institute of High Energy Physics of the Chinese Academy of Sciences (CAS), Nanjing University, the University of Science and Technology of China of CAS, La Sapienza University of Rome, and several additional institutions.

LHAASO detects ultra-high-energy emission from five micro-quasars

Black holes in binary systems pull in matter from companion stars, creating relativistic jets that transform these systems into "micro-quasars." LHAASO has now detected ultra-high-energy gamma rays from five such objects: SS 433, V4641 Sgr, GRS 1915+105, MAXI J1820+070, and Cygnus X-1. This marks the first time these sources have been systematically observed at such high energies.




One of the most striking results comes from SS 433, where the detected gamma rays overlap with a massive atomic cloud. This strongly indicates that the black hole accelerates high-energy protons which then collide with the surrounding material. Proton energies in SS 433 exceeded 1 PeV, and the total power reached approximately 1032 joules per second, a level comparable to the energy released each second by four trillion of the most powerful hydrogen bombs. Another micro-quasar, V4641 Sgr, produced gamma rays reaching 0.8 PeV, identifying it as another "super PeV particle accelerator." The parent particles behind these gamma rays carried energies above 10 PeV.

These observations confirm that micro-quasars are capable of accelerating particles to PeV levels across the Milky Way. This resolves a long-standing tension in cosmic ray research: while supernova remnants are known to produce cosmic rays, both data and theory suggest they cannot account for the energies seen at and above the "knee."

LHAASO measures proton energies once thought impossible to isolate

Understanding the full picture requires precise measurements of the energy spectra of different cosmic ray species and their individual "knees." Measuring the spectrum of protons (the lightest nuclei) is the first and most crucial step. Yet protons in the "knee" energy range are extremely rare, and satellite detectors have limited coverage, making such observations extraordinarily challenging. Ground-based methods introduce atmospheric interference, which historically made it almost impossible to distinguish protons from heavier nuclei.

Using its advanced cosmic ray detection facilities, LHAASO developed multi-parameter analysis techniques that allowed researchers to identify a statistically large and highly pure sample of protons. This enabled a precise measurement of their energy spectrum that rivals the accuracy of satellite-based instruments. The results revealed an unexpected structure: instead of a smooth shift between power-law behaviors, the proton spectrum contains a distinct new "high-energy component."

Multiple cosmic accelerators shape the Milky Way's particle environment

When combined with proton data from the AMS-02 satellite at lower energies and the intermediate-energy measurements from the DArk Matter Particle Explorer (DAMPE), the results show that the Milky Way hosts multiple types of accelerators. Each has its own characteristic energy limit. The "knee" marks the maximum energy reached by sources that produce the newly identified high-energy component.




The intricate structure of the proton spectrum suggests that PeV cosmic rays are largely produced by "new sources" such as micro-quasars, which can accelerate particles to significantly higher energies than supernova remnants. This ability allows them to generate the particles responsible for the "knee" and those that extend beyond it.

Black hole jet systems linked directly to the cosmic ray "knee"

Together, the discoveries form a consistent explanation. They resolve the long-debated origin of the "knee" and provide compelling observational evidence for the role of black hole systems in producing cosmic rays.

LHAASO's hybrid detector array enables both the detection of high-energy gamma rays from cosmic accelerators and precise measurements of the cosmic rays that reach near-Earth space. This dual capability offers new insights into the acceleration limits of astrophysical sources and the spectral signatures they contribute. For the first time, scientists have been able to directly connect the "knee" to a specific class of objects: black hole jet systems.

LHAASO, designed, built, and operated by Chinese scientists, has become a global leader in high-energy cosmic ray research due to its exceptional sensitivity in gamma-ray astronomy and precision cosmic ray measurements. Its achievements continue to expand understanding of the universe's most extreme processes.
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Extreme-pressure experiment reveals a strange new ice phase | ScienceDaily
The Korea Research Institute of Standards and Science (KRISS, President Lee Ho Seong) has captured the first-ever observation of water repeatedly freezing and melting at ultrahigh pressures above 2 gigapascals (2 GPa) while remaining at room temperature. These rapid changes were recorded on a microsecond (ms, one-millionth of a second) timescale.


						
This achievement led to the identification of a completely new crystallization pathway for water and the discovery of a previously unknown ice phase. The newly recognized structure has been named Ice XXI, making it the 21st crystalline form of ice.

How High Pressure Creates New Forms of Ice

Water typically turns into ice when its temperature drops below 0 degC, but pressure can also drive crystallization. Under the right pressure conditions, ice can form at room temperature or even at temperatures higher than its usual boiling point. For example, water compressed beyond 0.96 GPa at room temperature transforms into Ice VI.

During freezing, the hydrogen-bonded network among water molecules becomes distorted and reorganized in complex ways. These shifts produce a wide range of ice structures depending on the surrounding pressure and temperature.

A more detailed understanding of how these molecular rearrangements occur, and the ability to control them under extreme conditions, could pave the way for creating entirely new materials that do not exist naturally on Earth.

A Century of Ice Research Reaches a New Milestone

Over the past 100 years, scientists have identified 20 distinct crystalline ice phases* by adjusting pressure and temperature. These phases appear across a massive range of more than 2,000 K in temperature and over 100 GPa in pressure. The zone between ambient pressure (0 GPa) and 2 GPa is considered one of the most complex regions of water's phase diagram, where more than ten different ice phases cluster together.




The Space Metrology Group at KRISS managed to create a supercompressed liquid state in which water remained liquid at room temperature despite being pressurized to more than 2 GPa, which is over twice the pressure normally required for crystallization. This was made possible with a dynamic diamond anvil cell (dDAC**), a high-pressure instrument developed at KRISS.

Conventional diamond anvil cells (DACs) increase pressure by tightening bolts, a process that often introduces pressure gradients and mechanical disturbances that trigger premature nucleation. The KRISS dDAC minimizes these issues by reducing mechanical shock and cutting the compression time from tens of seconds to only 10 milliseconds (ms). This allowed water to be pushed deeply into the Ice VI pressure range while remaining liquid.

Capturing the Birth of a New Ice Phase

In collaboration with international partners, KRISS scientists used the dDAC together with the European XFEL (the world's largest X-ray free-electron laser facility) to monitor the crystallization of supercompressed water with microsecond precision. These observations revealed complex, previously unseen crystallization pathways at room temperature. The transitions occurred through a new ice phase, Ice XXI, marking the first global identification of the 21st crystalline form of ice.

The researchers also determined the detailed structure of Ice XXI and mapped the various pathways leading to its formation. Ice XXI shows an unusually large and intricate unit cell compared to other known phases. The crystal's geometry is a flattened rectangular lattice in which the two base edges are identical in length.

A Large International Collaboration

This discovery involved 33 researchers from South Korea, Germany, Japan, the USA, and England, along with scientists at the European XFEL and DESY. The project was proposed and led by KRISS under the direction of Dr. Lee Geun Woo, who served as principal investigator (PI).




The KRISS team included Dr. Kim Jin Kyun (co-first author, postdoctoral researcher at KRISS), Dr. Kim Yong-Jae (co-first author, formerly postdoctoral researcher at KRISS and now at Lawrence Livermore National Laboratory), Dr. Lee Yun-Hee (co-first author, Principal Research Scientist), Dr. Kim Minju (co-author, Postdoctoral Researcher), Dr. Cho Yong Chan (co-author, Principal Research Scientist), and Dr. Lee Geun Woo (corresponding author, Principal Research Scientist). They led the experimental design, data collection, and structural analysis that enabled the first identification of Ice XXI. Their work represents a major advancement for high-pressure physics and planetary science.

Dr. Lee Yun-Hee said, "The density of Ice XXI is comparable to the high-pressure ice layers inside the icy moons of Jupiter and Saturn. This discovery may provide new clues for exploring the origins of life under extreme conditions in space."

Dr. Lee Geun Woo added, "By combining our in-house developed dDAC technology with the XFEL, we were able to capture fleeting moments that had been inaccessible with conventional instruments. Continued research into ultrahigh-pressure and other extreme environments will open new frontiers in science."

Notes

* Previously, ice phases from Ice I to Ice XX had been reported. Ice I appears in two structural forms: the hexagonal Ice Ih and the cubic Ice Ic.

** The dDAC is a high-pressure device that uses a pair of diamonds and piezoelectric actuators to dynamically control and observe pressure changes in a microscopic water sample.

This research was supported by the 4000 K-class Rocket Engine Ultra-High Temperature Materials and Measurement Technologies Development Project of the National Research Council of Science & Technology (NST). The results were published in Nature Materials (Impact Factor: 38.5) in October.
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Chimps shock scientists by changing their minds with new evidence | ScienceDaily
Chimpanzees may share more with human thinkers than researchers once realized. A new study published in Science presents compelling evidence that chimpanzees can revise their beliefs in a rational way when they encounter new information.


						
The study, titled "Chimpanzees rationally revise their beliefs," was carried out by an international team that included UC Berkeley Psychology Postdoctoral Researcher Emily Sanford, UC Berkeley Psychology Professor Jan Engelmann and Utrecht University Psychology Professor Hanna Schleihauf. Their results indicate that chimpanzees, similar to humans, adjust their decisions based on how strong the available evidence is, which is a central component of rational thinking.

At the Ngamba Island Chimpanzee Sanctuary in Uganda, the researchers designed an experiment involving two boxes, one of which contained food. The chimps were first given a hint about which box held the reward. Later, they received a clearer and more convincing clue that pointed to the other box. Many of the animals changed their choice after receiving the stronger information.

"Chimpanzees were able to revise their beliefs when better evidence became available," said Sanford, a researcher in the UC Berkeley Social Origins Lab. "This kind of flexible reasoning is something we often associate with 4-year-old children. It was exciting to show that chimps can do this too."

Testing Whether Chimps Are Reasoning or Acting on Instinct

To confirm that the animals were truly engaging in reasoning rather than reacting on impulse, the researchers used tightly controlled experiments combined with computational modeling. These methods helped rule out simpler explanations, such as the chimps favoring the most recent clue (recency bias) or simply responding to the easiest cue to notice. The modeling showed that their decisions followed patterns consistent with rational belief revision.

"We recorded their first choice, then their second, and compared whether they revised their beliefs," Sanford said. "We also used computational models to test how their choices matched up with various reasoning strategies."

This work challenges long-held assumptions that rationality, defined as forming and updating beliefs based on evidence, belongs only to humans.




"The difference between humans and chimpanzees isn't a categorical leap. It's more like a continuum," Sanford said.

Broader Implications for Learning, Childhood Development and AI

Sanford believes these findings may influence how scientists think about a wide range of fields. Learning how primates update their beliefs could reshape ideas about how children learn and even how artificial intelligence systems are designed.

"This research can help us think differently about how we approach early education or how we model reasoning in AI systems," she said. "We shouldn't assume children are blank slates when they walk into a classroom."

The next phase of the project will apply the same belief revision tasks to young children. Sanford's team is now gathering data from two- to four-year-olds to see how toddlers handle changing information compared to chimps.

"It's fascinating to design a task for chimps, and then try to adapt it for a toddler," she said.




Expanding the Study to Other Primates

Sanford hopes to broaden the work to additional primate species, creating a comparative view of reasoning abilities across evolutionary branches. Her previous research spans topics from empathy in dogs to numerical understanding in children, and she notes that one theme continues to stand out: animals often demonstrate far more cognitive sophistication than people assume.

"They may not know what science is, but they're navigating complex environments with intelligent and adaptive strategies," she said. "And that's something worth paying attention to."

Other members of the research team include: Bill Thompson (UC Berkeley Psychology); Snow Zhang (UC Berkeley Philosophy); Joshua Rukundo (Ngamba Island Chimpanzee Sanctuary/Chimpanzee Trust, Uganda); Josep Call (School of Psychology and Neuroscience, University of St Andrews); and Esther Herrmann (School of Psychology, University of Portsmouth).
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Dark matter acts surprisingly normal in a new cosmic test | ScienceDaily
Does dark matter behave according to the same physical rules that apply to ordinary matter? This question remains one of the major puzzles in modern cosmology, since this invisible form of matter (which neither emits nor reflects any light) is still hypothetical and extremely difficult to study directly. Researchers from the University of Geneva (UNIGE) and collaborating institutions aimed to see whether dark matter follows familiar behavior on the largest scales, or whether other forces might influence it. Their study, published in Nature Communications, indicates that dark matter appears to act much like ordinary matter, although they cannot yet rule out the possibility of an additional, previously unknown interaction. Because dark matter is thought to be five times more common than ordinary matter, even a small new insight helps clarify its role in shaping the Universe.


						
Ordinary matter is affected by four known fundamental forces: gravity, electromagnetism, and the strong and weak forces within atoms. The question is whether dark matter responds to the same set of forces. While dark matter is invisible and difficult to detect, it may still follow these familiar laws or possibly be influenced by a fifth force that scientists have not yet identified.

Investigating How Dark Matter Moves Through Gravitational Wells

To explore this possibility, the UNIGE-led team examined whether dark matter sinks into gravitational wells the way ordinary matter does on cosmic scales. Massive objects distort the structure of space, forming these wells. Ordinary matter -- planets, stars and galaxies -- falls into them according to established physical principles that include Einstein's general relativity and Euler's equations. The team wanted to know whether dark matter behaves in the same predictable way.

"To answer this question, we compared the velocities of galaxies across the Universe with the depth of gravitational wells," explains Camille Bonvin, associate professor in the Department of Theoretical Physics at UNIGE's Faculty of Science and co-author of the study. "If dark matter is not subject to a fifth force, then galaxies -- which are mostly made of dark matter -- will fall into these wells like ordinary matter, governed solely by gravity. On the other hand, if a fifth force acts on dark matter, it will influence the motion of galaxies, which would then fall into the wells differently. By comparing the depth of the wells with the galaxies' velocities, we can therefore test for the presence of such a force."

Dark Matter Appears to Follow Euler's Equations

Using this method on modern cosmological data, the researchers found that dark matter moves into gravitational wells in the same manner as ordinary matter, meaning it is consistent with Euler's equations. "At this stage, however, these conclusions do not yet rule out the presence of an unknown force. But if such a fifth force exists, it cannot exceed 7% of the strength of gravity -- otherwise it would already have appeared in our analyses," says Nastassia Grimm first author of the study and former postdoctoral researcher at the Department of Theoretical Physics at UNIGE's Faculty of Science who has recently joined the Institute of Cosmology and Gravitation at the University of Portsmouth.

What Comes Next in the Search for New Physics

These early findings represent an important step in refining our understanding of dark matter. The next key objective is to determine whether a subtle fifth force truly affects it. "Upcoming data from the newest experiments, such as LSST and DESI, will be sensitive to forces as weak as 2% of gravity. They should therefore allow us to learn even more about the behavior of dark matter," concludes Isaac Tutusaus, researcher at ICE-CSIC and IEEC and associate professor at IRAP, Midi-Pyrenees observatory, University of Toulouse, co-author of the study.
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A single beam of light runs AI with supercomputer power | ScienceDaily
Tensor operations are a form of advanced mathematics that support many modern technologies, especially artificial intelligence. These operations go far beyond the simple calculations most people encounter. A helpful way to picture them is to imagine manipulating a Rubik's cube in several dimensions at once by rotating, slicing, or rearranging its layers. Humans and traditional computers must break these tasks into sequences, but light can perform all of them at the same time.


						
Today, tensor operations are essential for AI systems involved in image processing, language understanding, and countless other tasks. As the amount of data continues to grow, conventional digital hardware such as GPUs faces increasing strain in speed, energy use, and scalability.

Researchers Demonstrate Single-Shot Tensor Computing With Light

To address these challenges, an international team led by Dr. Yufeng Zhang from the Photonics Group at Aalto University's Department of Electronics and Nanoengineering has developed a fundamentally new approach. Their method allows complex tensor calculations to be completed within a single movement of light through an optical system. The process, described as single-shot tensor computing, functions at the speed of light.

"Our method performs the same kinds of operations that today's GPUs handle, like convolutions and attention layers, but does them all at the speed of light," says Dr. Zhang. "Instead of relying on electronic circuits, we use the physical properties of light to perform many computations simultaneously."

Encoding Information Into Light for High-Speed Computation

The team accomplished this by embedding digital information into the amplitude and phase of light waves, transforming numerical data into physical variations within the optical field. As these light waves interact, they automatically carry out mathematical procedures such as matrix and tensor multiplication, which form the basis of deep learning. By working with multiple wavelengths of light, the researchers expanded their technique to support even more complex, higher-order tensor operations.




"Imagine you're a customs officer who must inspect every parcel through multiple machines with different functions and then sort them into the right bins," Zhang says. "Normally, you'd process each parcel one by one. Our optical computing method merges all parcels and all machines together -- we create multiple 'optical hooks' that connect each input to its correct output. With just one operation, one pass of light, all inspections and sorting happen instantly and in parallel."

Passive Optical Processing With Wide Compatibility

One of the most striking benefits of this method is how little intervention it requires. The necessary operations occur on their own as the light travels, so the system does not need active control or electronic switching during computation.

"This approach can be implemented on almost any optical platform," says Professor Zhipei Sun, leader of Aalto University's Photonics Group. "In the future, we plan to integrate this computational framework directly onto photonic chips, enabling light-based processors to perform complex AI tasks with extremely low power consumption."

Path Toward Future Light-Based AI Hardware

Zhang notes that the ultimate objective is to adapt the technique to existing hardware and platforms used by major technology companies. He estimates that the method could be incorporated into such systems within 3 to 5 years.

"This will create a new generation of optical computing systems, significantly accelerating complex AI tasks across a myriad of fields," he concludes.

The study was published in Nature Photonics on November 14th, 2025.
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Hypersonic breakthrough could enable planes that fly 10 times the speed of sound | ScienceDaily
If it ever becomes achievable, hypersonic flight could dramatically reshape international travel. What currently requires an entire day could become a short trip lasting no more than a feature length movie. A route such as Sydney to Los Angeles, which now takes about 15 hours, might be reduced to only one hour.


						
"It really shrinks the planet," says Professor Nicholaus Parziale, whose work centers on turning hypersonic travel from aspiration into reality. Parziale recently received the Presidential Early Career Award for Scientists and Engineers in recognition of his research into fluid mechanics at extreme speeds. "It will make travel faster, easier and more enjoyable."

The Challenges of Flying at Mach 10

Covering half the world in just one hour may seem impossible, yet the technology is not as far away as it appears. Some military aircraft already reach speeds of Mach 2 or Mach 3, which means two or three times the speed of sound. Mach 1 equals about 760 miles per hour. To travel from Los Angeles to Sydney in sixty minutes, an aircraft would need to reach Mach 10. The major obstacles are the extraordinary turbulence and heat produced during flight at these extreme speeds.

There is a fundamental difference between how air behaves around an aircraft at lower speeds and how it behaves at higher speeds. Engineers describe these conditions as incompressible flow and compressible flow. In incompressible flow, which occurs at lower speeds (below about Mach 0.3 or 225 miles per hour), the density of the air stays nearly the same. This consistency simplifies aeronautical design. Once an aircraft moves faster than the speed of sound, the airflow becomes compressible instead. "That's because a gas can 'squish,'" Parziale explains, meaning it can compress.

Why Airflow Behavior Matters for Hypersonic Design

When air compresses, its density changes in response to variations in both pressure and temperature. These shifts influence how an aircraft interacts with the air around it. "Compressibility affects how the airflow goes around the body and that can change things like lift, drag, and thrust required to take off or stay airborne." All of these factors play a major role in aircraft design.




Engineers already understand airflow fairly well for aircraft that fly below or near the speed of sound, a range called "low Mach" numbers. Creating hypersonic aircraft requires a much deeper understanding of how air behaves at Mach 5, Mach 6, or even Mach 10. Much of that behavior is still uncertain, except for guidance provided by Morkovin's hypothesis.

Morkovin's Hypothesis and the Mystery of Hypersonic Turbulence

Developed by Mark Morkovin in the mid 20th century, the hypothesis proposes that when air moves around Mach 5 or Mach 6, the fundamental nature of turbulence remains surprisingly similar to turbulence at lower speeds. Although high-speed airflow involves larger shifts in temperature and density, Morkovin suggested that the general pattern of turbulent motion stays mostly consistent. "Basically, the Morkovin's hypothesis means that the way the turbulent air moves at low and high speeds isn't that different," Parziale says. "If the hypothesis is correct, it means that we don't need a whole new way to understand turbulence at these higher speeds. We can use the same concepts we use for the slower flows." This also suggests that future hypersonic aircraft may not require a completely different design philosophy.

Despite its importance, the hypothesis has lacked solid experimental validation. That gap led to Parziale's recent research, described in his study Hypersonic Turbulent Quantities in Support of Morkovin's Hypothesis, published in Nature Communications on November 12, 2025.

A Laser and Krypton Experiment Eleven Years in the Making

In the study, Parziale's team introduced krypton gas into a wind tunnel and used lasers to ionize it. This process briefly created a straight, glowing line formed by the krypton atoms. High-resolution cameras then captured how this illuminated line bent, twisted, and distorted as it moved through the airflow, similar to how a leaf drifts and spins within small swirling currents in a river."As that line moves with the gas, you can see crinkles and structure in the flow, and from that, we can learn a lot about turbulence," Parziale says. He notes that developing the experimental setup required 11 years of effort. "And what we found was that at Mach 6, the turbulence behavior is pretty close to the incompressible flow."

Parziale's group received early support from the Air Force Office of Scientific Research Young Investigator Research Program (YIP) in 2016 and from the Office of Naval Research (ONR) YIP in 2020, with the latest work also funded by ONR.




What the Findings Mean for Future Flight and Space Access

While Morkovin's hypothesis is not yet completely proven, the new results move scientists closer to understanding how to design aircraft that can withstand hypersonic speeds. The findings indicate that engineers may not need to reinvent the fundamental approach to aircraft design for these extreme conditions, which simplifies the challenge significantly.

"Today, we must use computers to design an airplane, and the computational resources to design a plane that will fly at Mach 6, simulating all the tiny, fine, little details would be impossible," Parziale explains. "The Morkovin's hypothesis allows us to make simplifying assumptions so that the computational demands to design hypersonic vehicles can become more doable."

Parziale adds that the same principles could transform future access to space. "If we can build planes that fly at hypersonic speed, we can also fly them into space, rather than launching rockets, which would make transportation to and from low Earth orbit easier," he says. "It will be a game-changer for transportation not only on earth, but also in low orbit."
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Floating device turns raindrops into electricity | ScienceDaily
Raindrops are more than a source of fresh water. They also carry mechanical energy that reaches the ground for free, and scientists have been exploring how to turn that energy into electricity for years. Traditional droplet electricity generators, however, often struggle with low efficiency, heavy components, and limited potential for scaling up. A research team from Nanjing University of Aeronautics and Astronautics has now developed a new solution: a floating droplet electricity generator that uses natural water as part of its structure. The result is a lighter, more affordable, and more sustainable way to collect clean energy. The work is described in National Science Review.


						
Most droplet electricity generators use a solid platform and a metal bottom electrode. When a raindrop hits the dielectric film on top, the impact produces an electrical signal. Although this approach can generate hundreds of volts, it relies on rigid, costly materials that limit widespread deployment. The new design takes a different approach by allowing the device to float on a water surface. In this setup, the water itself acts as the supporting base and also serves as the conductive electrode. This nature-integrated configuration cuts the device's weight by about 80 percent and lowers cost by about 50 percent while maintaining similar electrical output compared to conventional systems.

How Water Improves Energy Generation

When a raindrop lands on the floating dielectric film, the water beneath it provides the strength needed to absorb the impact because of its incompressibility and surface tension. This lets the droplet spread more effectively across the surface. At the same time, ions in the water act as charge carriers, allowing the water layer to operate as a dependable electrode. These combined effects enable the floating generator to deliver high peak voltages of around 250 volts per droplet, a performance level comparable to devices that rely on metal components and solid substrates.

Durability is a major advantage of the new system. Tests showed that the W-DEG continued to function under a wide range of temperatures and salt levels, and even when exposed to natural lake water containing biofouling. Many energy-harvesting devices degrade in such environments, but this generator remained stable because its dielectric layer is chemically inert and its water-based structure is naturally resilient. To improve reliability further, the team used water's strong surface tension to design drainage holes that let water move downward but not upward. This creates a self-regulating way to remove excess droplets and helps prevent water buildup that could interfere with performance.

Scalable Design for Large-Area Energy Collection

Scalability is a promising aspect of this technology. The researchers created an integrated device measuring 0.3 square meters, which is much larger than most previous droplet generators, and demonstrated that it could power 50 light-emitting diodes (LEDs) at the same time. The system also charged capacitors to useful voltages within minutes, showing its potential for powering small electronics and wireless sensors. With continued development, similar systems could be deployed on lakes, reservoirs, or coastal waters, providing renewable electricity without using any land-based space.




"By letting water itself play both structural and electrical roles, we've unlocked a new strategy for droplet electricity generation that is lightweight, cost-effective, and scalable," said Prof. Wanlin Guo, a corresponding author of the study. "This opens the door to land-free hydrovoltaic systems that can complement other renewable technologies like solar and wind."

Broader Applications and Future Possibilities

The impact of this research goes beyond capturing energy from rainfall. Because the generator floats naturally on water, it could support environmental monitoring systems in diverse aquatic settings, including sensors for water quality, salinity, or pollution. In areas with frequent rain, the technology could offer a distributed source of clean power for local grids or act as a resource for off-grid needs. The "nature-integrated design" approach, which uses abundant natural materials like water as essential working components, may also inspire future advances in sustainable technology.

Although the laboratory results are encouraging, the researchers emphasize that additional work is necessary before the technology can be deployed at large scales. Real raindrops vary in both size and speed, and these differences could influence power generation. Maintaining the durability of large dielectric films in dynamic outdoor conditions will also require further engineering. Even so, the successful demonstration of a stable, efficient, and scalable prototype represents an important step toward practical applications.
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Scientists uncover a massive hidden crater in China that rewrites Earth's recent history | ScienceDaily
A recently uncovered and unusually intact impact crater is offering scientists new insights into how objects from space have struck Earth throughout its history.


						
Researchers from Shanghai and Guangzhou, China, describe their findings in the journal Matter and Radiation at Extremes (AIP Publishing). They identified the feature as the Jinlin crater, a bowl-shaped structure positioned on a hillside and protected within a thick layer of weathered granite.

A Rare and Young Crater in Southern China

The crater lies in Zhaoqing, Guangdong Province, and is one of only about 200 confirmed impact sites on the planet. Its age places it among the youngest known. Soil erosion measurements indicate that it likely formed during the early-to-mid Holocene -- the geological interval that began at the end of the last ice age roughly 11,700 years ago. With a width of 900 meters, it is the largest verified crater from this period -- surpassing Russia's Macha crater, which measures 300 meters and was previously considered the biggest Holocene impact site.

"This discovery shows that the scale of impacts of small extraterrestrial objects on the Earth in the Holocene is far greater than previously recorded," said author Ming Chen.

Clues About the Object That Struck Earth

The team concluded that the object responsible was a meteorite rather than a comet. A cometary collision would have produced a much larger crater, likely at least 10 kilometers across. What remains unknown is whether the meteorite was composed of stone or iron, a distinction that requires further study.




Remarkable Preservation and Shock Features in Quartz

One of the most unexpected aspects of Jinlin is how well it has survived. The area experiences heavy rainfall, strong monsoons, and high humidity, all of which rapidly erode rock. Even so, the crater remains clear and well defined. Inside its granite layers, researchers discovered numerous grains of quartz marked by tiny structures known as planar deformation features. These microscopic signatures are widely recognized by geologists as a hallmark of an impact event.

"On the Earth, the formation of planar deformation features in quartz is only from the intense shockwaves generated by celestial body impacts, and its formation pressure ranges from 10 to 35 gigapascals, which is a shock effect that cannot be produced by any geological process of the Earth itself," said Chen.

Significance for Understanding Earth's Impact History

Although every location on Earth is thought to have had similar chances of being hit by an extraterrestrial object over time, the evidence of past collisions does not survive equally well. Rock types, climate, and erosion patterns vary across the planet, allowing many ancient craters to vanish entirely. The survival of the Jinlin crater therefore provides an unusually clear window into events that shaped the recent geological past.

"The impact crater is a true record of Earth's impact history," said Chen. "The discovery of the Earth impact crater can provide us with a more objective basis for understanding the distribution, geological evolution, and impact history and regulation of small extraterrestrial bodies."
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Astronomers spot a rare planet-stripping eruption on a nearby star | ScienceDaily
Astronomers working with the European Space Agency's XMM-Newton observatory and the LOFAR radio telescope have obtained clear evidence of a violent burst of material hurled into space by a distant star. The outflow was strong enough that any nearby planet in its path would likely have its atmosphere stripped away.


						
This burst was identified as a coronal mass ejection (CME), a type of eruption frequently produced by the Sun. During a CME, enormous quantities of charged particles and plasma are pushed outward from the star, filling the surrounding space. These dramatic outbursts drive what we call space weather, influence events such as auroras on Earth, and can gradually erode the atmospheres of neighboring planets.

Scientists had long suspected that other stars generate their own CMEs, yet convincing proof had remained elusive. That gap has now been filled.

"Astronomers have wanted to spot a CME on another star for decades," says Joe Callingham of the Netherlands Institute for Radio Astronomy (ASTRON), author of the new research published in Nature. "Previous findings have inferred that they exist, or hinted at their presence, but haven't actually confirmed that material has definitively escaped out into space. We've now managed to do this for the first time."

A Rare Radio Signal Marks Material Escaping the Star

As a CME pushes outward through the outer layers of a star and into the surrounding region, it generates a shock wave along with a sudden burst of radio waves (a form of light). Joe and his colleagues detected this brief, intense radio signal and traced it to a star located around 130 light-years away.

"This kind of radio signal just wouldn't exist unless material had completely left the star's bubble of powerful magnetism," adds Joe. "In other words: it's caused by a CME."

A Hyperactive Red Dwarf With Planet-Scorching Power




The star producing the eruption is a red dwarf, which is a much cooler, dimmer, and smaller type of star than the Sun. It differs from our Sun in several key ways: it has about half the Sun's mass, it rotates 20 times faster, and its magnetic field is an estimated 300 times stronger. Most planets discovered in the Milky Way orbit stars of this type.

The radio signal was detected with the Low Frequency Array (LOFAR) thanks to new data-processing techniques developed by co-authors Cyril Tasse and Philippe Zarka at the Observatoire de Paris-PSL. The team then relied on ESA's XMM-Newton to measure the star's temperature, rotation, and X-ray brightness. These details were necessary to interpret the radio burst and determine the nature of the eruption.

"We needed the sensitivity and frequency of LOFAR to detect the radio waves," says co-author David Konijn, a PhD student working with Joe at ASTRON. "And without XMM-Newton, we wouldn't have been able to determine the CME's motion or put it in a solar context, both crucial for proving what we'd found. Neither telescope alone would have been enough -- we needed both."

Their measurements revealed that the CME was traveling at roughly 2400 km per second. CMEs that fast occur in only about 1 out of every 2000 events on the Sun. The burst was also dense and energetic enough that any planet orbiting close to this star could have its atmosphere entirely stripped away.

Implications for Life Around Red Dwarfs

The ability of such a CME to remove atmospheres is an important factor in the search for life beyond the Solar System. A planet's habitability is often tied to whether it falls within its star's 'habitable zone', where liquid water can persist on the surface of a planet with the right atmospheric conditions. The concept is similar to the Goldilocks idea: too close is too hot, too far is too cold, and the middle region is potentially just right.




However, a star that frequently unleashes strong eruptions and extreme space weather may rob even a well-positioned planet of its atmosphere. A world exposed to repeated high-energy CMEs could be reduced to bare rock, even if it orbits at a distance normally considered favorable for life.

"This work opens up a new observational frontier for studying and understanding eruptions and space weather around other stars," adds Henrik Eklund, an ESA research fellow based at the European Space Research and Technology Centre (ESTEC) in Noordwijk, The Netherlands.

"We're no longer limited to extrapolating our understanding of the Sun's CMEs to other stars. It seems that intense space weather may be even more extreme around smaller stars -- the primary hosts of potentially habitable exoplanets. This has important implications for how these planets keep hold of their atmospheres and possibly remain habitable over time."

Expanding the Study of Extreme Space Weather

This discovery also deepens our knowledge of space weather more broadly, an area long studied by ESA through missions including SOHO, the Proba series, Swarm, and Solar Orbiter.

XMM-Newton remains a key observatory for examining high-energy environments throughout the Universe. Since its launch in 1999, it has explored galactic cores, studied stellar evolution, investigated regions around black holes, and observed bursts of intense radiation from distant stars and galaxies.

"XMM-Newton is now helping us discover how CMEs vary by star, something that's not only interesting in our study of stars and our Sun, but also our hunt for habitable worlds around other stars," says ESA XMM-Newton Project Scientist Erik Kuulkers. "It also demonstrates the immense power of collaboration, which underpins all successful science. The discovery was a true team effort, and resolves the decades-long search for CMEs beyond the Sun."
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Breakthrough shows light can move atoms in 2D semiconductors | ScienceDaily
Researchers at Rice University have found that certain atom-thin semiconductors, known as transition metal dichalcogenides (TMDs), can physically shift their atomic lattice when exposed to light. This newly observed response offers a controllable way to tune the behavior and properties of these ultrathin materials.


						
The phenomenon appears in a subtype of TMDs called Janus materials, named for the Roman god associated with transitions. Their light sensitivity could support future technologies that rely on optical signals instead of electrical currents, including faster and cooler computer chips, highly responsive sensors and flexible optoelectronic systems.

"In nonlinear optics, light can be reshaped to create new colors, faster pulses or optical switches that turn signals on and off," said Kunyan Zhang, a Rice doctoral alumna and first author of the study. "Two-dimensional materials, which are only a few atoms thick, make it possible to build these optical tools on a very small scale."

What Makes Janus Materials Different

TMDs are built from stacked layers of a transition metal such as molybdenum and two layers of a chalcogen element like sulfur or selenium. Their blend of conductivity, strong light absorption and mechanical flexibility has made them key candidates for next-generation electronic and optical devices.

Within this group, Janus materials stand apart because their top and bottom atomic layers are composed of different chemical elements, giving them an asymmetric structure. This imbalance produces a built-in electrical polarity and increases their sensitivity to light and external forces.

"Our work explores how the structure of Janus materials affects their optical behavior and how light itself can generate a force in the materials," Zhang said.




Detecting Atomic Motion With Laser Light

To investigate this behavior, the team used laser beams of various colors on a two-layer Janus TMD material composed of molybdenum sulfur selenide stacked on molybdenum disulfide. They examined how it alters light through second harmonic generation (SHG), a process in which the material emits light at twice the frequency of the incoming beam. When the incoming laser matched the material's natural resonances, the usual SHG pattern became distorted, revealing that the atoms were shifting.

"We discovered that shining light on Janus molybdenum sulfur selenide and molybdenum disulfide creates tiny, directional forces inside the material, which show up as changes in its SHG pattern," Zhang said. "Normally, the SHG signal forms a six-pointed 'flower' shape that mirrors the crystal's symmetry. But when light pushes on the atoms, this symmetry breaks -- the petals of the pattern shrink unevenly."

Optostriction and Layer Coupling

The researchers traced the SHG distortion to optostriction, a process in which the electromagnetic field of light applies a mechanical force on atoms. In Janus materials, the strong coupling between layers magnifies this effect, allowing even extremely small forces to produce measurable strain.

"Janus materials are ideal for this because their uneven composition creates an enhanced coupling between layers, which makes them more sensitive to light's tiny forces -- forces so small that it is difficult to measure directly, but we can detect them through changes in the SHG signal pattern," Zhang said.




Potential for Future Optical Technologies

This high sensitivity suggests that Janus materials could become valuable components in a wide range of optical technologies. Devices that guide or control light using this mechanism may lead to faster, more energy-efficient photonic chips, since light-based circuits produce less heat than traditional electronics. Similar properties could be used to build finely tuned sensors that detect extremely small vibrations or pressure shifts, or to develop adjustable light sources for advanced displays and imaging systems.

"Such active control could help design next-generation photonic chips, ultrasensitive detectors or quantum light sources -- technologies that use light to carry and process information instead of relying on electricity," said Shengxi Huang, associate professor of electrical and computer engineering and materials science and nanoengineering at Rice and a corresponding author of the study. Huang is also affiliated with the Smalley-Curl Institute, the Rice Advanced Materials Institute and the Ken Kennedy Institute.

Small Structural Imbalances With Big Impact

By demonstrating how the internal asymmetry of Janus TMDs creates new ways to influence the flow of light, the study shows that tiny structural differences can unlock significant technological opportunities.

The research was supported by the National Science Foundation (2246564, 1943895), the Air Force Office of Scientific Research (FA9550-22-1-0408), the Welch Foundation (C-2144), the U.S. Department of Energy (DE-SC0020042, DE-AC02-05CH11231), the U.S. Air Force Office of Scientific Research (FA2386-24-1-4049) and the Taiwan Ministry of Education. The content of this article is solely the responsibility of the authors and does not necessarily represent the official views of funding organizations and institutions.
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Scientists uncover hidden atomic process that supercharges propylene production | ScienceDaily
Many familiar items, from plastic squeeze bottles to outdoor furniture, rely on a process that converts propane into propylene. In 2021, a study in Science showed that chemists could use tandem nanoscale catalysts to merge several steps of this conversion into a single reaction -- an approach that increases yield and reduces costs. However, the underlying atomic activity remained unclear, which made it difficult to adapt this strategy to other important industrial reactions.


						
New Algorithms Reveal Hidden Atomic Behavior

Researchers at the University of Rochester created algorithms capable of identifying the atomic features that control the complicated chemistry occurring as nanoscale catalysts transform propane into propylene. Their study, published in the Journal of the American Chemical Society, explores these detailed interactions, which are made even more complex because the materials involved shift between multiple states.

"There are so many different possibilities of what's happening at the catalytic active sites, so we need an algorithmic approach to very easily yet logically screen through the large amount of possibilities that exist and focus on the most important ones," says Siddharth Deshpande, an assistant professor in the Department of Chemical and Sustainability Engineering. "We refined our algorithms and used them to do a very detailed analysis of the metallic phase and oxide phase driving this very complex reaction."

Unexpected Oxide Behavior and Catalyst Stability

Deshpande and his chemical engineering PhD student Snehitha Srirangam uncovered several unexpected patterns during their investigation. They found that the oxide in the reaction tended to form around defective metal sites in a highly selective way, a feature that played an essential role in stabilizing the catalyst. Even though the oxide can appear in various chemical compositions, it consistently remained positioned around the defective metal sites.

Broader Potential for Industrial Chemistry

According to Deshpande, these findings and the algorithmic tools used to obtain them can help researchers probe the atomic structure of other reactions, including methanol synthesis used in products that range from paints to fuel cells. Over time, he believes this insight could guide companies toward more efficient methods of producing propylene and other industrial materials while reducing their dependence on trial-and-error approaches that have dominated the field for decades.

"Our approach is very general and can open the doors to understand many of these processes that have remained an enigma for decades," says Deshpande. "We know these processes work, and we produce tons of these chemicals, but we have much to learn about why exactly they're working."
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New prediction breakthrough delivers results shockingly close to reality | ScienceDaily
An international group of mathematicians led by Lehigh University statistician Taeho Kim has developed a new way to generate predictions that line up more closely with real-world results. Their method is aimed at improving forecasting across many areas of science, particularly in health research, biology and the social sciences.


						
The researchers call their technique the Maximum Agreement Linear Predictor, or MALP. Its central goal is to enhance how well predicted values match observed ones. MALP does this by maximizing the Concordance Correlation Coefficient, or CCC. This statistical measure evaluates how pairs of numbers fall along the 45-degree line in a scatter plot, reflecting both precision (how tightly the points cluster) and accuracy (how close they are to that line). Traditional approaches, including the widely used least-squares method, typically try to reduce average error. Although effective in many situations, these methods can miss the mark when the main objective is to ensure strong alignment between predictions and actual values, says Kim, assistant professor of mathematics.

"Sometimes, we don't just want our predictions to be close -- we want them to have the highest agreement with the real values," Kim explains. "The issue is, how can we define the agreement of two objects in a scientifically meaningful way? One way we can conceptualize this is how close the points are aligned with a 45 degree line on a scatter plot between the predicted value and the actual values. So, if the scatter plot of these shows a strong alignment with this 45 degree line, then we could say there is a good level of agreement between these two."

Why Agreement Matters More Than Simple Correlation

According to Kim, people often think first of Pearson's correlation coefficient when they hear the word agreement, since it is introduced early in statistics education and remains a fundamental tool. Pearson's method measures the strength of a linear relationship between two variables, but it does not specifically check whether the relationship aligns with the 45-degree line. For instance, it can detect strong correlations for lines that tilt at 50 degrees or 75 degrees, as long as the data points lie close to a straight line, Kim says.

"In our case, we are specifically interested in alignment with a 45-degree line. For that, we use a different measure: the concordance correlation coefficient, introduced by Lin in 1989. This metric focuses specifically on how well the data align with a 45-degree line. What we've developed is a predictor designed to maximize the concordance correlation between predicted values and actual values."

Testing MALP With Eye Scans and Body Measurements

To evaluate how well MALP performs, the team ran tests using both simulated data and real measurements, including eye scans and body fat assessments. One study applied MALP to data from an ophthalmology project comparing two types of optical coherence tomography (OCT) devices: the older Stratus OCT and the newer Cirrus OCT. As medical centers move to the Cirrus system, doctors need a dependable way to translate measurements so they can compare results over time. Using high-quality images from 26 left eyes and 30 right eyes, the researchers examined how accurately MALP could predict Stratus OCT readings from Cirrus OCT measurements and compared its performance with the least-squares method. MALP produced predictions that aligned more closely with the true Stratus values, while least squares slightly outperformed MALP in reducing average error, highlighting a tradeoff between agreement and error minimization.




The team also looked at a body fat data set from 252 adults that included weight, abdomen size and other body measurements. Direct measures of body fat percentage, such as underwater weighing, are reliable but expensive, so easier measurements are often substituted. MALP was used to estimate body fat percentage and was evaluated against the least-squares method. The results were similar to the eye scan study: MALP delivered predictions that more closely matched real values, while least squares again had slightly lower average errors. This repeated pattern underscored the ongoing balance between agreement and minimizing error.

Choosing the Right Tool for the Right Task

Kim and his colleagues observed that MALP frequently provided predictions that matched the actual data more effectively than standard techniques. Even so, they note that researchers should choose between MALP and more traditional methods based on their specific priorities. When reducing overall error is the primary goal, established methods still perform well. When the emphasis is on predictions that align as closely as possible with real outcomes, MALP is often the stronger option.

The potential impact of this work reaches into many scientific areas. Improved prediction tools could benefit medicine, public health, economics and engineering. For researchers who rely on forecasting, MALP offers a promising alternative, especially when achieving close agreement with real-world results matters more than simply narrowing the average gap between predicted and observed values.

"We need to investigate further," Kim says. "Currently, our setting is within the class of linear predictors. This set is large enough to be practically used in various fields, but it is still restricted mathematically speaking. So, we wish to extend this to the general class so that our goal is to remove the linear part and so it becomes the Maximum Agreement Predictor."
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        Why saving microbes may be the most important conservation effort ever
        Researchers have launched the first coordinated plan to protect microbial biodiversity, calling attention to the "invisible 99% of life" that drives essential Earth systems. The IUCN has formally recognized this effort through the creation of the Microbial Conservation Specialist Group. By developing new metrics, policies, and restoration tools, scientists aim to make microbial life a core part of global conservation action. The roadmap also outlines upcoming goals such as microbial hotspot maps ...

      

      
        Scientists grow a tiny human "blood factory" that actually works
        Researchers have recreated a miniature human bone marrow system that mirrors the real structure found inside our bones. The model includes the full mix of cells and signals needed for blood production and even maintains this process for weeks. It could transform how scientists study blood cancers and test new drugs. In the future, it may support more personalized treatment strategies.

      

      
        New report reveals major risks in turning oceans into carbon sinks
        Experts say the ocean could help absorb carbon dioxide, but today's technologies are too uncertain to be scaled up safely. New findings released during COP30 highlight the risks of rushing into marine carbon removal without proper monitoring and verification. With the 1.5degC threshold approaching, researchers stress that emissions cuts must remain the top priority. Ocean-based methods may play a role later, but they need careful oversight first.

      

      
        Massive hidden structures deep inside Earth may explain how life began
        Scientists may finally be closing in on the origins of two colossal, mysterious structures buried nearly 1,800 miles inside Earth--hidden formations that have puzzled researchers for decades. New modeling suggests that slow leakage of elements from Earth's core into the mantle prevented the planet from developing strong chemical layers after its primordial magma-ocean era.

      

      
        A 2,000-year mystery in chameleon eyes is finally solved
        Chameleons' extraordinary ability to move their eyes independently stems from a previously overlooked anatomical marvel: long, tightly coiled optic nerves hidden behind their bulging eyes. Modern CT imaging finally revealed this structure, which centuries of dissections and even the scrutiny of figures like Aristotle and Newton failed to capture. The coils give the eyes extra slack, enabling nearly 360-degree scanning without neck mobility.

      

      
        Scientists finally discover what's fueling massive sargassum blooms
        Massive Sargassum blooms sweeping across the Caribbean and Atlantic are fueled by a powerful nutrient partnership: phosphorus pulled to the surface by equatorial upwelling and nitrogen supplied by cyanobacteria living directly on the drifting algae. Coral cores reveal that this nutrient engine has intensified over the past decade, perfectly matching surges in Sargassum growth since 2011. By ruling out older theories involving Saharan dust and river runoff, researchers uncovered a climate-driven p...

      

      
        Everyday microplastics could be fueling heart disease
        Microplastics--tiny particles now found in food, water, air, and even human tissues--may directly accelerate artery-clogging disease, and new research shows the danger may be far greater for males. In mice, environmentally realistic doses of microplastics dramatically worsened plaque buildup, altered key vascular cells, and activated harmful genes linked to inflammation and atherosclerosis, all without changes to weight or cholesterol.

      

      
        Ancient bogs reveal a hidden 15,000-year climate shift
        Researchers discovered that ancient peat bogs grew rapidly when the Southern Westerly Winds suddenly shifted thousands of years ago. These wind changes affected both peatland carbon storage and how the Southern Ocean absorbed CO2. Today the winds are shifting southward again, driven by climate change. Scientists warn this could disrupt natural carbon sinks and worsen droughts and wildfires.

      

      
        Nearly 47 million Americans live near hidden fossil fuel sites
        A nationwide analysis has uncovered how sprawling fossil fuel infrastructure sits surprisingly close to millions of American homes. The research shows that 46.6 million people live within about a mile of wells, refineries, pipelines, storage sites, or transport facilities. Many of these locations release pollutants that may affect nearby communities, yet mid-supply-chain sites have rarely been studied. The findings reveal major gaps in understanding how this hidden network affects health.

      

      
        Secret chemical traces reveal life on Earth 3. 3 billion years ago
        Researchers have discovered chemical traces of life in rocks older than 3.3 billion years, offering a rare look at Earth's earliest biology. By combining advanced chemical methods with artificial intelligence, scientists were able to detect faint molecular patterns left behind long after the original biomolecules disappeared. Newly analyzed fossils, including ancient seaweed from Canada's Yukon Territory, helped validate the method and deepen understanding of early ecosystems.

      

      
        Amazon scorpion venom shows stunning power against breast cancer
        Scientists are turning venom, radioisotopes, engineered proteins, and AI into powerful new tools against cancer. From Amazonian scorpions yielding molecules that kill breast cancer cells as effectively as chemotherapy, to improved fibrin sealants and custom-grown bioactive factors, researchers are pushing biotechnology into uncharted territory. Parallel teams are advancing radiotheranostics that diagnose and destroy tumors with precision, while others forge experimental vaccines that train the im...

      

      
        Secret underwater language of Hawaiian monk seals has 25 new calls
        Scientists have revealed that Hawaiian monk seals produce far more underwater vocalizations than previously believed. Their newly discovered 25-call repertoire includes complex combinations and a rare foraging-related call. These findings highlight an intricate acoustic world unfolding beneath the waves. The research opens the door to better protection strategies as human-made ocean noise continues to rise.

      

      
        A crisis deepens as African penguins compete with fishing fleets for food
        During years of scarce fish, African penguins crowd into the same areas as commercial fishing vessels, heightening competition for dwindling prey. A new metric called "overlap intensity" shows how many penguins are affected and is already shaping improved conservation policies.

      

      
        A tiny ancient virus reveals secrets that could help fight superbugs
        Scientists mapped the Bas63 bacteriophage in unprecedented detail, uncovering how its tail machinery infects bacteria. The structure reveals rare whisker-collar features and distant evolutionary ties reaching back billions of years. These insights could guide new phage therapies and innovations in medicine, agriculture, and industry.

      

      
        Animals are developing the same chronic diseases as humans
        Across the planet, animals are increasingly suffering from chronic illnesses once seen only in humans. Cats, dogs, cows, and even marine life are facing rising rates of cancer, diabetes, arthritis, and obesity -- diseases tied to the same factors affecting people: genetics, pollution, poor nutrition, and stress. A new study led by scientists at the Agricultural University of Athens proposes a unified model linking these conditions across species.

      

      
        Melanoma rates are spiking fast in these 15 Pennsylvania counties
        Penn State scientists identified a striking rise in melanoma across several Pennsylvania counties dominated by cropland and herbicide use. The elevated risk persisted even after factoring in sunlight, suggesting an environmental influence beyond the usual expectations. Researchers warn that drifting chemicals may expose nearby residents, not just farm workers.

      

      
        New research uncovers the massive squid diet of Hawaiian pilot whales
        Hawaiian short-finned pilot whales are surprisingly voracious hunters, diving hundreds of meters beneath the Pacific to snatch squid in the dark. By tagging and tracking eight whales, researchers uncovered just how much energy these deep-sea forays require--and how many squid the whales must eat to stay fueled. Their calculations reveal that each whale downs dozens to hundreds of squid per day, adding up to a staggering 88,000 tonnes of squid consumed annually by the whole population.

      

      
        Scientists find a surprising link between lead and human evolution
        Researchers found that ancient hominids--including early humans--were exposed to lead throughout childhood, leaving chemical traces in fossil teeth. Experiments suggest this exposure may have driven genetic changes that strengthened language-related brain functions in modern humans.

      

      
        Chimps shock scientists by changing their minds with new evidence
        Chimps may revise their beliefs in surprisingly human-like ways. Experiments showed they switched choices when presented with stronger clues, demonstrating flexible reasoning. Computational modeling confirmed these decisions weren't just instinct. The findings could influence how we think about learning in both children and AI.

      

      
        Scientists recover 40,000-year-old mammoth RNA still packed with clues
        Researchers have sequenced the oldest RNA ever recovered, taken from a woolly mammoth frozen for nearly 40,000 years. The RNA reveals which genes were active in its tissues, offering a rare glimpse into its biology and final moments. Surprisingly, the team also identified ancient microRNAs and rare mutations that confirm their mammoth origin. The finding shows that RNA can endure millennia--reshaping how scientists study extinct species.

      

      
        Extreme floods are slashing global rice yields faster than expected
        Scientists discovered that a week of full submergence is enough to kill most rice plants, making flooding a far greater threat than previously understood. Intensifying extreme rainfall events may amplify these losses unless vulnerable regions adopt more resilient rice varieties.

      

      
        Floating device turns raindrops into electricity
        A new floating droplet electricity generator is redefining how rain can be harvested as a clean power source by using water itself as both structural support and an electrode. This nature-integrated design dramatically reduces weight and cost compared to traditional solid-based generators while still producing high-voltage outputs from each falling drop. It remains stable in harsh natural conditions, scales to large functional devices, and has the potential to power sensors, off-grid electronics,...

      

      
        Ancient Chinese tombs reveal a hidden 4,000-year pattern
        Researchers digitally mapped ancient Chinese tombs and discovered that their distribution mirrors shifts in political stability, population movements, and natural geography. Peaceful, prosperous eras produced more elaborate and numerous burial sites, while wartime periods saw far fewer. Tomb clusters also tended to form in fertile, humid regions that supported thriving settlements. The findings lay groundwork for better preservation and protection.

      

      
        Science finally solves a 700-year-old royal murder
        Genetic, isotopic, and forensic evidence has conclusively identified the remains of Duke Bela of Macso and uncovered remarkable details about his life, ancestry, and violent death. The study reveals a young nobleman with Scandinavian-Rurik roots who was killed in a coordinated, emotionally charged attack in 1272.

      

      
        Scientists uncover a massive hidden crater in China that rewrites Earth's recent history
        A massive, well-preserved impact crater has been uncovered in Guangdong, revealing the signature of a powerful meteorite strike during the Holocene. Measuring 900 meters across, it dwarfs other known craters from the same era. Shock-damaged quartz confirms the intense forces involved. Its survival in a high-erosion environment makes it a geological rarity.

      

      
        55-million-year-old fossils reveal bizarre crocs that dropped from trees
        Scientists uncovered Australia's oldest known crocodile eggshells, revealing the secret lives of ancient mekosuchine crocodiles that once dominated inland ecosystems. These crocs filled surprising niches, including terrestrial stalking and possibly tree-dropping ambushes.

      

      
        Massive hidden waves are rapidly melting Greenland's glaciers
        Researchers in Greenland used a 10-kilometer fiber-optic cable to track how iceberg calving stirs up warm seawater. The resulting surface tsunamis and massive hidden underwater waves intensify melting at the glacier face. This powerful mixing effect accelerates ice loss far more than previously understood. The work highlights how fragile the Greenland ice system has become as temperatures rise.

      

      
        Satellite images reveal the fastest Antarctic glacier retreat ever
        Hektoria Glacier's sudden eight-kilometer collapse stunned scientists, marking the fastest modern ice retreat ever recorded in Antarctica. Its flat, below-sea-level ice plain allowed huge slabs of ice to detach rapidly once retreat began. Seismic activity confirmed this wasn't just floating ice but grounded mass contributing to sea level rise. The event raises alarms that other fragile glaciers may be poised for similar, faster-than-expected collapses.
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Why saving microbes may be the most important conservation effort ever | ScienceDaily
A newly released study describes how researchers collaborated to design the first comprehensive roadmap for protecting microbial life. The effort was led by Professor Jack Gilbert, President of Applied Microbiology International.


						
The work appears in the article titled 'Safeguarding Microbial Biodiversity: Microbial Conservation Specialist Group (MCSG) within the Species Survival Commission of the International Union for Conservation of Nature (IUCN)', published in Sustainable Microbiology, an AMI journal.

Launching a New Global Effort Through the IUCN

In July 2025, the IUCN formally created the MCSG within its Species Survival Commission. The group is co-chaired by Professor Gilbert and Raquel Peixoto (KAUST / ISME). Its formation followed a May workshop led by Professor Gilbert that brought together conservation specialists and microbiologists to explore how traditional conservation goals apply in a world driven by microbial processes.

"This is the first global coalition dedicated to safeguarding microbial biodiversity, which is the 'invisible 99% of life', to ensure that microbes are recognized as essential to the planet's ecological, climate, and health systems," Professor Gilbert said.

He added: "I think this reframes conservation from saving individual species to preserving the networks of invisible life that make visible life possible -- a paradigm shift toward planetary health. It also gives us a really good look into the microbial tools that can support conservation action -- so that we may use microbiology to solve the world's biggest problems."

Why Microbial Biodiversity Matters for the Planet

Microbes are central to soil fertility, carbon cycling, marine productivity, and the health of plants and animals. Despite this, they rarely appear in conservation policy. Professor Gilbert noted that overlooking microbial diversity weakens climate resilience, food security, and ecosystem restoration efforts. He explained: "The MCSG fills this gap by embedding microbiology directly into IUCN's conservation machinery, i.e. using Red List criteria, ecosystem assessments, and restoration programs, to make microbes visible in policy, not just in science."




Building a Global Network to Guide Microbial Conservation

Over the past two years, the founding members have assembled an international community of microbiologists, ecologists, legal experts, and Indigenous knowledge holders from more than 30 countries. Together, they created the first microbial conservation roadmap, outlining five core components of the IUCN Species Conservation Cycle:
    	Assessment -- develop Red List-compatible metrics for microbial communities and biobanks.
    	Planning -- create ethical and economic frameworks for microbial interventions.
    	Action -- pilot restoration projects using microbial solutions (coral probiotics, soil carbon microbiomes, pathogen-resistant wildlife).
    	Networking -- connect scientists, culture collections, and Indigenous custodians worldwide.
    	Communication & Policy -- launch public and policy campaigns, including "Invisible but Indispensable."

Early work is supported by funding from the Gordon & Betty Moore Foundation, along with in kind support from AMI and ISME. This first phase focuses on mapping microbial hotspots, building conservation indices, and linking existing microbial biobanks into a coordinated global archive.

Overcoming Scientific and Ethical Challenges

Professor Gilbert explained that creating a conservation framework for microscopic life comes with complex scientific and conceptual barriers. These challenges include:
    	Determining what qualifies as a "microbial species" within Red List criteria.
    	Integrating genomic and ecological information into systems originally developed for plants and animals.
    	Addressing the belief that microbes are too resilient or too complicated to require protection.

"Microbial conservation must contend with enormous unseen diversity and highly dynamic community structures that defy classical species concepts. Taxonomic instability, lack of long-term baselines, and the ethical handling of microbial samples (including Indigenous or human-associated microbiota) all require new definitions of 'loss', 'restoration', and 'rights of microbes'," he said.




He added, "But a major landmark came when the IUCN approved the MCSG as a formal Specialist Group -- officially extending global conservation to microbes for the first time."

Plans for the Next Phase of Conservation Work

The group's upcoming goals include:
    	Developing the first Microbial Red List framework by 2027.
    	Creating global maps of microbial hotspots across soil, marine, and host-associated systems.
    	Testing conservation strategies such as microbial bioremediation, coral probiotics, and soil carbon restoration.
    	Ensuring microbial indicators are incorporated alongside plants and animals in IUCN and UN biodiversity targets by 2030.

What Is Needed for Long-Term Progress

Sustained investment will be essential to expand global microbial monitoring networks. Future progress also depends on integrating microbes into national biodiversity and climate strategies, including "30 by 30" and One Health policies. Another key priority is building "public microbial literacy -- recognizing microbes as the foundation of ecosystem and human health." The roadmap also highlights the importance of digital-twin and AI tools to anticipate how microbial communities will respond to environmental change.

The paper was published today (November 20) in Sustainable Microbiology.
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Scientists grow a tiny human "blood factory" that actually works | ScienceDaily
Our body's "blood factory" is made of highly specialized tissue containing bone cells, nerves, blood vessels and several other cell types. Researchers have now recreated this complex network in the laboratory using only human cells, marking a first in the field. This new system could help reduce the number of animal experiments needed for many types of research.


						
The bone marrow usually operates quietly and goes largely unnoticed. It becomes a focus of attention only when its function falters, such as in blood cancers. In those moments, knowing how blood is normally produced, and what causes that process to break down, becomes essential.

Human Cell Model Offers a New Research Tool

For decades, most studies on bone marrow have relied on animal research or simplified cell systems that cannot fully mimic the human environment. Scientists from the Department of Biomedicine at the University of Basel and University Hospital Basel have now produced a realistic bone marrow model made entirely from human cells. The team, led by Professor Ivan Martin and Dr Andres Garcia Garcia, reports in Cell Stem Cell that this platform may support blood cancer studies, drug testing and possibly future personalized treatments.

Understanding Bone Marrow Niches

Bone marrow contains several specialized microenvironments known as "niches." One niche that plays a central role in creating new blood cells lies near the bone surface and is linked to blood cancer's ability to resist treatment. Called the endosteal niche, it features blood vessels, immune cells, nerves and bone cells. Until now, no human model had managed to include all of these components in a single system.

The researchers have now developed a model that replicates this complexity. Their work began with an artificial bone framework made of hydroxyapatite, a natural mineral found in teeth and bones. They then used human cells that had been reprogrammed into pluripotent stem cells through molecular biology techniques. These stem cells can develop into many different cell types based on the signals present in their environment.




Building a Functional 3D Bone Marrow System

The team introduced these stem cells into the artificial bone scaffold and guided them through controlled developmental steps to produce a diverse range of bone marrow cell types. Their analysis showed that the resulting three-dimensional structure closely matches the human endosteal niche. It is also larger than previous models, measuring eight millimeters in diameter and four millimeters in thickness. Using this model, the researchers were able to maintain human blood cell formation in the laboratory for several weeks.

Potential to Reduce Animal Experiments

"We have learned a great deal about how bone marrow works from mouse studies," says Ivan Martin. "However, our model brings us closer to the biology of the human organism. It could serve as a complement to many animal experiments in the study of blood formation in both healthy and diseased conditions." This goal aligns with the university's broader effort to reduce, refine and replace animal experiments whenever feasible.

The system could also support drug development. "However, for this specific purpose, the size of our bone marrow model might be too large," explains Andres Garcia Garcia. To test many drugs or doses at the same time, the platform would need to be made smaller.

In the future, this approach could help guide personalized treatment decisions for blood cancers. Researchers envision creating patient-specific bone marrow models that allow doctors to test therapies and identify the most effective option for each individual. Further improvements will be necessary before this becomes possible, but the study represents an important early step.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251120092103.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New report reveals major risks in turning oceans into carbon sinks | ScienceDaily
The world's oceans are expected to play a key part in drawing carbon dioxide out of the atmosphere to help slow dangerous climate warming. A central question is whether the technologies designed for this role are ready to be expanded.


						
According to an expert panel reporting to the European Union, the answer is no.

At least, not yet -- not until there are strong safeguards proving that these methods, known as marine carbon dioxide removal technologies, function as intended and do not create new environmental problems.

Marine carbon dioxide removal approaches rely on the ocean's natural capacity to absorb carbon. Some strategies use biological processes, such as increasing plankton or seaweed growth so they can take up carbon dioxide as they develop. Others rely on chemical or physical techniques, including systems that directly remove carbon dioxide from seawater.

Once carbon is extracted from the upper layers of the ocean, it can be stored in deep-sea sediments, on the ocean floor, in the deep ocean, in geological formations, or in products designed to last for long periods.

Protecting the Ocean While Exploring New Climate Tools

"This is about safeguarding the oceans for a common good. The oceans can be part of the climate solution, but we need to strengthen the way we safeguard them before we scale things up," said Helene Muri, a senior researcher at NILU, the Norwegian Institute for Air Research and the Norwegian University of Science and Technology (NTNU).




Muri led an expert group formed by the European Marine Board to evaluate the issue.

The group's findings appear in a new report, "Monitoring, Reporting and Verification for Marine Carbon Dioxide Removal," released during COP30, the UN climate conference now taking place in Brazil.

Rising Temperatures and the 1.5degC Threshold

Earth's temperature is rising more quickly than countries expected when they agreed in Paris to keep global warming within 1.5degC above "pre-industrial levels."

During his opening remarks at the COP30 Leaders' Summit on November 6, UN General Secretary Antonio Guterres called attention to the seriousness of the climate outlook.

"Science now tells us that a temporary overshoot beyond the 1.5degC limit -- starting at the latest in the early 2030s -- is inevitable," he said. "Let us be clear: the 1.5degC limit is a red line for humanity. It must be kept within reach. And scientists also tell us that this is still possible."

The European Marine Board report stresses that immediate action must focus on approaches already known to work -- namely cutting emissions. "We know how to cut emissions, and we have lots of methods that work," Muri said. "That has to take top priority."




Why Carbon Removal Is Still Needed

If the main goal is to reduce emissions to zero, why consider removing carbon dioxide from the ocean at all?

The answer lies in the reality that some sectors are far harder to make carbon free. Although shifting away from fossil fuels toward solar and wind power is achievable, certain technologies and products remain difficult to decarbonize. Air travel is one example. Despite extensive research, carbon-free flight is still out of reach, and some travel cannot be avoided.

To meet climate targets, countries aim to reach net zero by 2050. This means any remaining emissions must be balanced by removing an equivalent amount of carbon dioxide.

Reaching the 1.5degC target requires going further to achieve net negative emissions. Societies would need to eliminate all emissions they reasonably can, then counterbalance the "residual" emissions that cannot be removed.

"We must have a net removal of carbon dioxide from the atmosphere to get to 1.5degC and that means that you will likely have some residual emissions from some sectors, such as shipping and aviation, and some industries," Muri said. "And then you will have relatively large scale removal of carbon dioxide from the atmosphere as well, so that the net is at about between 5 to 10 gigatons of CO2 removed per year towards the end of the century, according to scenarios by the IPCC."

For context, global CO2 emissions were 42.4 gigatons in 2024, according to CICERO, the Oslo-based Center for International Climate Research.

Land-based approaches for handling this residual carbon already exist. The most established method is afforestation. Another example is the Climeworks direct air capture facility in Iceland, where air is drawn through filters that trap CO2. The captured CO2 is then mixed with water and injected into bedrock, where it turns into stone.

Marine Carbon Removal Is Still in Early Stages

A number of field trials have tested different marine carbon removal techniques, but many remain in the early development stage. Others are advancing more quickly. This is why establishing standards for monitoring, reporting, and verifying results is essential.

Technical and Scientific Challenges

Some ocean-based carbon removal methods resemble familiar land-based efforts. Planting trees or protecting forests to capture carbon has long been used on land. Similarly, certain marine strategies focus on restoring or protecting coastal ecosystems such as mangrove swamps.

Other approaches involve more direct intervention, such as adding iron or other nutrients to stimulate plankton growth. These large blooms absorb carbon dioxide, and when they sink, they carry carbon deep into the ocean. That is the expectation, at least.

The challenge, Muri says, is determining how well these methods actually perform.

How can a company prove how much extra carbon dioxide its technology removes?

If carbon is stored in the deep ocean, how long will it stay there?

And with many agencies, treaties, and protocols involved internationally, which organization should be responsible for oversight, and how should verification be handled?

Ideally, "you monitor what is the background state of carbon (in the ocean) and then you implement your project and make sure that you have removed carbon from the atmosphere. And you try to monitor how much carbon that you have removed and how long it is staying away from the atmosphere. And then you report that to some independent party and then it verifies that what you're saying is correct," Muri said.

The Ocean Is Constantly Changing

The complication, she says, is that storing carbon in the ocean itself makes tracking and management far more difficult.

"If you're storing it in the ocean, in some form or another, not in a geological reservoir, it's a lot harder to to govern it and also monitor it. The ocean doesn't stay put," she said.

Carbon Credits and Environmental Considerations

These challenges become even more important as technologies advance to the point where companies or governments may seek credit for removing carbon dioxide.

Some companies have already started moving in this direction, Muri says.

"None of these methods are mature to use if you cannot verify impacts or where the carbon goes, or how long it stays away from the atmosphere," Muri said.

"If we want to be serious about figuring out if you can do marine carbon dioxide removal in responsible ways that can make meaningful contributions, then we have to get serious about the monitoring, reporting and verification aspects," she added.

"The credit part of it also has to work right. You have to have reliable and transparent and scientifically defensible crediting systems."

Environmental impacts must also be thoroughly reported, Muri said.

Looking Ahead

Despite the uncertainties surrounding marine carbon removal, "all future scenarios are showing us that we will need carbon dioxide removal in order to reach our most ambitious temperature goal," Muri said. This conclusion appears repeatedly in IPCC assessments, particularly the 2018 special report on Global Warming of 1.5degC.

"We don't know all the threats of these immature methods yet, but it's a bit hard to just take them off the table because they're uncomfortable to think about," she said.

Even so, she stressed that marine carbon removal is not a "miracle ocean fix to climate change." As she put it, "Some people are really hoping to find an answer in the ocean, but in our opinion, we're not there yet."

"And there's a question of whether it can be a scientifically governed climate solution, and we don't have the answer to that yet. But if we want to go in that direction, then we need to clear up all of these standards and establish these properly before we can scale things up," she said.
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Massive hidden structures deep inside Earth may explain how life began | ScienceDaily
For many years, researchers have puzzled over two enormous and unusual features hidden deep inside Earth. Their size, shape and behavior are so extreme that traditional ideas about how the planet formed and evolved have struggled to explain them.


						
A recent study in Nature Geoscience, led by Rutgers geodynamicist Yoshinori Miyazaki with a team of collaborators, presents a new interpretation that may finally clarify the origins of these structures and how they relate to Earth's long-term habitability.

These features, called large low-shear-velocity provinces and ultra-low-velocity zones, rest at the boundary between the mantle and the core nearly 1,800 miles below the surface. Large low-shear-velocity provinces are enormous masses of extremely hot, dense rock, with one positioned beneath Africa and the other under the Pacific Ocean. Ultra-low-velocity zones resemble thin, partly molten layers that cling to the core in puddle-like patches. Both strongly slow seismic waves, suggesting they contain materials or conditions unlike the surrounding mantle.

"These are not random oddities," said Miyazaki, an assistant professor in the Department of Earth and Planetary Sciences in the Rutgers School of Arts and Sciences. "They are fingerprints of Earth's earliest history. If we can understand why they exist, we can understand how our planet formed and why it became habitable."

Clues From Earth's Magma Ocean Past

According to Miyazaki, Earth was once encased in a global ocean of molten rock. As this ancient magma ocean cooled, many scientists expected the mantle to have developed distinct chemical layers, similar to how frozen juice separates into sugary concentrate and watery ice. However, seismic observations reveal no such clear layering. Instead, large low-shear-velocity provinces and ultra-low velocity zones appear to form complex, uneven piles at the bottom of the mantle.

"That contradiction was the starting point," Miyazaki said. "If we start from the magma ocean and do the calculations, we don't get what we see in Earth's mantle today. Something was missing."

Leaking Core Materials and a Long-Lost Magma Layer




The research team suggested that the missing factor is the core itself. Their model indicates that over billions of years, elements such as silicon and magnesium gradually escaped from the core into the mantle. This mixing would have disrupted the formation of strong chemical layers. It may also account for the unusual composition of the large low-shear-velocity provinces and ultra-low-velocity zones, which the scientists interpret as the cooled remains of a "basal magma ocean" altered by core-derived material.

"What we proposed was that it might be coming from material leaking out from the core," Miyazaki said. "If you add the core component, it could explain what we see right now."

How Deep-Earth Processes Shape Planetary Habitability

Miyazaki noted that the implications stretch beyond mineral chemistry. Interactions between the mantle and core may have influenced how Earth released heat, how volcanic activity developed and even how the atmosphere changed over time. This perspective may help clarify why Earth ended up with oceans and life, while Venus became extremely hot and Mars turned cold and barren.

"Earth has water, life and a relatively stable atmosphere," Miyazaki said. "Venus' atmosphere is 100 times thicker than Earth's and is mostly carbon dioxide, and Mars has a very thin atmosphere. We don't fully understand why that is. But what happens inside a planet, that is, how it cools, how its layers evolve, could be a big part of the answer."

A New Framework for Understanding Earth's Interior

By bringing together seismic observations, mineral physics and geodynamic simulations, the team reframed large low-shear-velocity provinces and ultra-low-velocity zones as essential records of how Earth formed. The study also suggests that these deep features may help fuel volcanic hotspots such as Hawaii and Iceland, creating a direct link between Earth's interior and the surface.




"This work is a great example of how combining planetary science, geodynamics and mineral physics can help us solve some of Earth's oldest mysteries," said Jie Deng of Princeton University, a co-author of the study. "The idea that the deep mantle could still carry the chemical memory of early core-mantle interactions opens up new ways to understand Earth's unique evolution."

The researchers noted that each new insight brings them closer to reconstructing the planet's earliest chapters. Bits of evidence that once seemed isolated now appear to fit together in a more coherent story.

"Even with very few clues, we're starting to build a story that makes sense," Miyazaki said. "This study gives us a little more certainty about how Earth evolved, and why it's so special."
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A 2,000-year mystery in chameleon eyes is finally solved | ScienceDaily
Chameleons have intrigued observers for thousands of years, largely because their eyes seem to roam independently in nearly every direction. After centuries of curiosity, modern imaging techniques have now uncovered the anatomical feature responsible for this extraordinary ability. Hidden behind each protruding eye are two long, spiraled optic nerves -- a configuration not documented in any other lizard species.


						
"Chameleon eyes are like security cameras, moving in all directions," explained Juan Daza, associate professor at Sam Houston State University and author of a new study describing the trait. "They move their eyes independently while scanning their environment to find prey. And the moment they find their prey, their eyes coordinate and go in one direction so they can calculate where to shoot their tongues."

A Surprising Discovery in the Lab

Although chameleons' shifting gaze is easy to see, the internal structures enabling it have remained unclear. That changed in 2017 when Edward Stanley, director of the Florida Museum of Natural History's digital imaging laboratory, noticed an unexpected pattern while visiting Daza's lab. A CT scan of the minute leaf chameleon (Brookesia minima) revealed tightly coiled optic nerves, a shape unlike anything he had encountered.

Despite the excitement, both researchers hesitated at first. Given the long scientific history surrounding chameleons, they assumed someone must have reported this structure before.

"I was surprised by the structure itself, but I was more surprised that nobody else had noticed it," Daza said. "Chameleons are well studied, and people have been doing anatomical studies of them for a long time."

Chameleons' Distinctive Biology

Chameleons inhabit parts of Africa, Europe and Asia, and their remarkable adaptations go far beyond color change. They move through trees using a prehensile tail for balance and mitten-like feet for a careful, measured stride. Their slow pace is compensated by a high-speed weapon: a tongue that can accelerate from zero to 60 miles per hour in about one hundredth of a second. This sticky, elongated tongue can strike prey located at more than double the chameleon's own body length.




With such striking qualities, it is unsurprising that chameleons have appeared in human culture for millennia. Their recognizable silhouettes, complete with coiled tails, even appear in ancient Egyptian rock carvings. Convinced that someone must have described the optic nerve coils in earlier literature, the research team combed through vast archives. They enlisted language experts to interpret old anatomical works written in French, Italian and Latin, sometimes in a perplexing blend of several languages.

Historical Attempts to Explain Chameleon Vision

More than two thousand years ago, Aristotle incorrectly suggested that chameleons lacked optic nerves entirely. He believed their eyes were connected directly to the brain, which, in his view, explained their independent movement. In the mid-1600s, Roman physician Domenico Panaroli refuted this idea, asserting that chameleons do possess optic nerves, but that they do not cross as they do in many other animals. In most vertebrates, this crossing transfers information from the right eye to the left side of the brain and vice versa. Panaroli reasoned that the absence of this crossing granted chameleons greater freedom of eye movement.

Isaac Newton later supported Panaroli's conclusions. He referenced chameleons in his 1704 book Optiks, a collection of three decades of his ideas on color and light. However, French anatomist Claude Perrault had already drawn a much more accurate representation in 1669, showing two optic nerves that crossed and then continued straight. His illustration received little attention from Newton's contemporaries, even though it was one of the clearest early depictions.

Why the Optic Nerve Coils Went Unnoticed

Over time, published diagrams came close to showing the true shape of the optic nerves but never captured it fully. Johann Fischer's 1852 treatise on lizard neuroanatomy included part of the coil but omitted the remainder, and Fischer never described the curled structure. In 2015, Lev-Ari Thidar, a master's student at the University of Haifa, noted a C-shaped section of the nerve. Only after a detailed literature search did the modern research team confirm that no complete description of the coil existed.




How such a distinctive feature remained hidden for so long became clear as scientists examined historical research methods. Earlier studies relied heavily on physical dissections. These procedures frequently damaged or shifted the fragile optic nerves, making accurate observations nearly impossible.

"Throughout history people have looked at chameleon eyes because they're interesting," Stanley said. "But if you physically dissect the animal, you lose information that can tell the full story."

CT Imaging and Open Access Data Transform Research

Today, CT scanning is widespread in medical and scientific settings. High-resolution X-ray CT makes it possible to view structures concealed inside preserved specimens, including the interior of a chameleon's skull.

Spotting a coiled optic nerve in one chameleon provided an important clue, but researchers needed broader evidence. Fortunately, they had access to extensive digital resources through oVert (short for openVertebrate). This project, led by the Florida Museum of Natural History and involving 18 U.S. institutions, offers public access to 3D digital models of vertebrate anatomy.

"These digital methods are revolutionizing the field," Daza said. "Before, you couldn't discover details like this. But with these methods, you can see things without affecting the anatomy or damaging the specimen."

Comparing Chameleons With Other Reptiles

Using oVert datasets, the team examined CT scans from more than thirty lizards and snakes, including three chameleon species representing major lineages. They built 3D brain models for 18 of these reptiles and measured the optic nerves in each. All three chameleon species displayed optic nerves that were significantly longer and more tightly coiled than those of the other lizards. This confirmed that the initial finding in Daza's lab was representative of the group.

The researchers then investigated how the coils develop in young chameleons. Examining embryos of the veiled chameleon (Chamaeleo calyptratus) at three stages, they noted that the optic nerves start straight and lengthen over time, eventually forming loops before the animal hatches. Hatchlings already possess fully mobile eyes.

Evolutionary Context for the Eye Coils

Determining when this feature evolved is more difficult. The oldest known chameleon fossils date to the early Miocene, about 16 to 23 million years ago, long after many of their arboreal adaptations had appeared. These fossils do not reveal much about the sequence in which traits emerged. However, the newly documented nerve coils provide a clue about why this adaptation may have arisen.

Many vertebrates with large eyes expand their field of view in one of two ways: by turning their head or by moving their eyes extensively. Owls and lemurs rotate their necks to look around. Humans and some other mammals rely on stretchy optic nerves that allow substantial eye movement. Rodents achieve a similar effect with wavy nerve fibers that add flexibility.

Chameleons, however, do not have flexible necks. The researchers suggest that the coiled optic nerve developed as a workaround, giving the eyes extra slack and reducing strain as they pivot. A comparable adaptation has been observed only in a few invertebrates, such as the stalk-eyed fly.

"You can compare optic nerves with old phones," Daza said. "The first phones just had a simple, straight cord attached to the headset, but then someone had the idea to coil the cord and give it more slack so people could walk farther while holding it. That's what these animals are doing: They're maximizing the range of motion of the eye by creating this coiled structure."

Continuing the Search for Visual Adaptations

Even with thousands of years of interest in chameleons, new surprises continue to emerge. Researchers now wonder whether other tree-dwelling lizards evolved similar solutions. Stanley and Daza plan to explore this question in future work.

"These giants we've cited -- Newton, Aristotle and others -- have inspired natural historians for centuries," Stanley said. "It's exciting to be the ones taking the next step along the long road to understanding what on earth is going on in chameleons."

The authors published their study in the journal Scientific Reports.
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Scientists finally discover what's fueling massive sargassum blooms | ScienceDaily

The algae originate in the Sargasso Sea east of Florida. Since 2011, scientists have tracked the recurring appearance of the Great Atlantic Sargassum Belt, a massive band of gulfweed that moves from the equator toward the Caribbean during periods of strong easterly winds. Until recently, the source of the phosphorus (P) and nitrogen (N) that fueled its rapid growth remained uncertain. Some had proposed that agricultural runoff or nutrients released by rainforest deforestation were responsible. These explanations, however, do not match the steady increase in Sargassum biomass seen in recent years.

Identifying the Forces Behind the Blooms

A team of international researchers led by the Max Planck Institute for Chemistry has now determined the primary process driving these large-scale blooms. They have also identified the climate patterns that set the stage for this growth, allowing them to begin developing a system that could predict future Sargassum arrivals.

In a recent publication in Nature Geoscience, the researchers describe how strong wind-driven upwelling near the equator brings phosphorus-rich deep water to the surface and transports it northward into the Caribbean. The increased supply of phosphorus benefits cyanobacteria that live on the surface of the brown algae. These microorganisms capture atmospheric nitrogen gas (N2) and convert it into a form that Sargassum can use, a process known as nitrogen fixation. Cyanobacteria commonly colonize Sargassum, forming a partnership that provides the algae with an extra nitrogen source. According to the study, this symbiosis offers Sargassum a competitive advantage over other algae in the Equatorial Atlantic and helps explain the changes in Sargassum abundance recorded in past years.

Coral Cores Reveal a Century of Nitrogen Fixation

The team linked algae growth, enhanced nitrogen fixation, and the upwelling of cool, nutrient-rich waters by studying coral cores collected across the Caribbean. Corals serve as long-term environmental archives because their skeletons incorporate chemical traces from the surrounding water as they grow. By examining their yearly growth layers, similar to tree rings, scientists can reconstruct changes in ocean chemistry over centuries.




In this study, the researchers measured the nitrogen isotopic composition in corals to infer how much nitrogen microorganisms have fixed over the past 120 years. During nitrogen fixation, bacteria reduce the ratio of the stable nitrogen isotopes 15N to 14N in seawater. When corals display low 15N to 14N ratios, it signals periods of increased nitrogen fixation. To confirm the meaning of these chemical signatures, seawater samples collected by the research vessel Eugen Seibold were used to calibrate the nitrogen isotopes in modern corals, demonstrating that they reliably record nitrogen fixation.

Coupled Trends Since 2011

Jonathan Jung, a PhD student at the Max Planck Institute for Chemistry and the study's lead author, explains, "In the first set of measurements we noticed two significant increases in nitrogen fixation in 2015 and 2018, two years of record Sargassum blooms. So we compared our coral reconstruction with annual Sargassum biomass data, and the two records aligned perfectly! At that time, however, it was not at all clear whether there was a causal link."

A deeper comparison showed that algae biomass and nitrogen fixation have been consistently linked since 2011, including both high and low values. This timing is notable because in 2010 strong winds transported brown algae from the Sargasso Sea into the tropical Atlantic for the first time.

Ruling Out Other Nutrient Sources

After eliminating other ideas, the team concluded that an oversupply of phosphorus is the main factor behind major Sargassum events. Earlier theories that Saharan dust carried iron that could stimulate algae growth did not match biomass records. Similarly, nutrient inputs from the Amazon or Orinoco rivers showed no correlation with the timing or intensity of Sargassum blooms.




A Mechanism That Improves Future Predictions

The researchers describe a process in which phosphorus delivered by upwelling deep water and nitrogen supplied by nitrogen-fixing bacteria together fuel the blooms seen over past decades. Geochemist Jung notes, "Our mechanism explains the variability of Sargassum growth better than any previous approaches. However, there is still uncertainty as to whether and to what extent other factors also play a role."

The arrival of phosphorus-rich water depends on cooler sea surface temperatures in the tropical North Atlantic and warmer conditions in the southern Atlantic. These temperature differences shift air pressure patterns, creating changes in wind strength and direction that move surface waters aside and allow the deeper phosphorus-rich water to rise.

According to the researchers in Mainz, monitoring wind conditions, sea surface temperatures, and associated upwelling patterns in the equatorial Atlantic can help refine predictions of future Sargassum growth. Alfredo Martinez-Garcia, group leader at the Max Planck Institute for Chemistry and senior author of the study, explains, "Ultimately, the future of Sargassum in the tropical Atlantic will depend upon how global warming affects the processes that drive the supply of excess phosphorous to the equatorial Atlantic." The team plans to expand their analysis by examining new coral records from multiple locations throughout the Caribbean. They expect that these insights will support efforts to protect coral reefs and help coastal communities manage the growing ecological and economic impacts of Sargassum blooms.
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Everyday microplastics could be fueling heart disease | ScienceDaily
A research team at the University of California, Riverside has found that routine exposure to microplastics -- tiny pieces released from packaging, fabrics, and common consumer plastics -- may speed up the formation of atherosclerosis, the artery-narrowing condition associated with heart attacks and strokes. The effect appeared only in male mice, offering new insight into how microplastics may influence cardiovascular health in people.


						
"Our findings fit into a broader pattern seen in cardiovascular research, where males and females often respond differently," said lead researcher Changcheng Zhou, a professor of biomedical sciences in the UCR School of Medicine. "Although the precise mechanism isn't yet known, factors like sex chromosomes and hormones, particularly the protective effects of estrogen, may play a role."

Microplastics Found Throughout the Environment and the Body

Microplastics are found widely in the modern environment, including in food, drinking water, and the air. They have also been detected inside the human body. Recent clinical studies have identified microplastics in atherosclerotic plaques and associated higher concentrations with elevated cardiovascular risk, although it was not clear whether these particles directly cause arterial injury.

"It's nearly impossible to avoid microplastics completely," Zhou said. "Still, the best strategy is to reduce exposure by limiting plastic use in food and water containers, reducing single-use plastics, and avoiding highly-processed foods. There are currently no effective ways to remove microplastics from the body, so minimizing exposure and maintaining overall cardiovascular health -- through diet, exercise, and managing risk factors -- remains essential."

Study Design Using a Heart Disease Mouse Model

In their paper published in Environment International, Zhou and colleagues describe their use of LDLR-deficient mice, a common model for examining atherosclerosis. Both male and female mice were placed on a low-fat, low-cholesterol diet similar to what a lean and healthy person might eat.




The team then administered microplastics daily (10 milligrams per kilogram of body weight) for nine weeks. This amount reflects levels that could realistically be encountered through contaminated food and water.

Microplastics Intensify Plaque Formation in Male Mice

The results showed a sharp increase in atherosclerosis, but only in males. Male mice exposed to microplastics developed 63% more plaque in the aortic root, the segment of the aorta connected to the heart, and 624% more plaque in the brachiocephalic artery, a major vessel branching from the aorta in the upper chest. Female mice exposed to the same conditions did not show significant plaque progression.

The researchers confirmed that microplastics did not cause weight gain or increased cholesterol in either sex. The mice stayed lean, and their lipid profiles remained unchanged, indicating that traditional risk factors such as obesity or high cholesterol did not explain the heightened arterial damage.

Disruption of Artery-Lining Cells

The study also showed that microplastics interfered with the function and makeup of cells lining the arteries. Using single-cell RNA sequencing, which identifies gene activity in individual cells, the researchers observed that microplastics altered several cell types involved in atherosclerosis. Endothelial cells -- the cells that form the inner lining of blood vessels and help regulate inflammation and circulation -- were affected the most.




"We found endothelial cells were the most affected by microplastic exposure," Zhou said. "Since endothelial cells are the first to encounter circulating microplastics, their dysfunction can initiate inflammation and plaque formation."

Microplastics Enter Arterial Plaques and Alter Gene Activity

Fluorescent microplastics used in the study were found inside plaques and concentrated within the endothelial layer, consistent with reports from human samples that have revealed microplastics in arterial lesions.

Another key observation was that microplastics activated harmful gene pathways in endothelial cells from both mice and humans. This included genes associated with pro-atherogenic (plaque-promoting) activity, suggesting that microplastics trigger similar biological responses across species.

"Our study provides some of the strongest evidence so far that microplastics may directly contribute to cardiovascular disease, not just correlate with it," Zhou said. "The surprising sex-specific effect -- harming males but not females -- could help researchers uncover protective factors or mechanisms that differ between men and women."

Future Research on Sex Differences and Microplastic Types

Zhou and his team emphasize that more work is needed to determine why males appear more susceptible. The group plans to investigate whether humans show similar patterns.

"We would like to investigate how different types or sizes of microplastics affect vascular cells," Zhou said. "We will also look into the molecular mechanisms behind endothelial dysfunction and explore how microplastics affect male and female arteries differently. As microplastic pollution continues to rise worldwide, understanding its impacts on human health -- including heart disease -- is becoming more urgent than ever."

Zhou conducted the study with collaborators from UCR, Boston Children's Hospital and Harvard Medical School in Massachusetts, and the University of New Mexico Health Sciences.

The work received partial support from the National Institutes of Health.

The title of the paper is "Microplastic exposure elicits sex-specific atherosclerosis development in lean low-density lipoprotein receptor-deficient mice."
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Ancient bogs reveal a hidden 15,000-year climate shift | ScienceDaily
Scientists report that ancient bogs located throughout the Southern Hemisphere contain important clues to a significant change in Earth's climate thousands of years in the past. Researchers studying peatlands found that abrupt movements in the Southern Westerly Winds 15,000 years ago set off a large expansion of these wetland systems.


						
For many years, geoscientists have lacked a clear explanation for why vast bogs appeared across the Southern Hemisphere after the last Ice Age. According to a new study published in Nature Geoscience, the research team now believes that rapid shifts in regional wind patterns created conditions that favored widespread peatland development. The project was coordinated by the University of Southampton and included contributions from specialists around the world.

Lead author Dr. Zoe Thomas explained that the results indicate the winds influence not only the amount of carbon stored within peatlands, but also the exchange of CO2 between the ocean and the atmosphere. She said: "When the winds shifted north 15,000 years ago, they changed the stirring action in the Southern Ocean which acts as the largest natural carbon sink on Earth."

Tracking Peat Formation Across the Southern Hemisphere

Peatlands act as major natural reservoirs of carbon. They form when waterlogged soils accumulate layers of dead vegetation over thousands of years. To investigate how and when these environments developed, the researchers examined peat samples collected from South America, Australasia, southern Africa and the sub-Antarctic islands. Radiocarbon-dating allowed the team to identify the periods when conditions became sufficiently cool and wet for plants to grow, decay and gradually produce thick peat layers.

Dr. Thomas noted: "We found a clear pattern -- major peat growth occurred at the same time the winds shifted north or south, coinciding with changing atmospheric levels of carbon dioxide."

Modern Wind Shifts and Climate Risk

Recent measurements show that the Southern Westerly Winds are moving again, this time toward the South Pole as a result of climate change.

If this progression continues, Dr. Thomas cautioned that the ocean's capacity to absorb carbon could be significantly reduced. She added: "This southerly shift has already led to increases in continental droughts and wildfires across the southern landmasses."

Co-author Dr. Haidee Cadd from the University of Wollongong in Australia emphasized the broader implications. She said: "If the planet's largest carbon sink becomes less effective, it will accelerate the rate at which CO2 accumulates in the atmosphere, amplifying global warming trends."
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Nearly 47 million Americans live near hidden fossil fuel sites | ScienceDaily
Fossil fuels pollute the air when they are extracted and when they are burned, but the steps between those two points involve far more than familiar scenes of drilling equipment and smoke-filled power plants. These visible operations represent only the beginning and end of a five-stage process that brings fossil fuels from the ground to their final use.


						
Oil and gas move through several additional stages before reaching power facilities. They are refined to remove unwanted materials, stored in specialized facilities, and transported across the country. These activities form a vast mid-supply chain network that stretches across the United States and often operates out of public view.

Millions Live Near Fossil Fuel Infrastructure

A new analysis led by Boston University researchers provides the first nationwide estimate of how many people live close to this infrastructure. Published in Environmental Research Letters, the study finds that 46.6 million people in the contiguous United States live within 1.6 km (roughly a mile) of at least one component of the fossil fuel supply chain. This accounts for 14.1% of the population.

Previous studies have shown that communities near extraction sites and end-use facilities experience higher rates of adverse birth outcomes and asthma, and there is growing interest in potential links to other conditions, including leukemia. However, the health effects of living near facilities in the middle of the supply chain remain far less understood. Some sites in these stages have been found to emit volatile organic compounds and other harmful pollutants.

"This study helps us get a general size of the potential problem, and really starts the process of doing a better job of understanding exactly what the hazards are and how many people are potentially exposed," said Jonathan Buonocore, the paper's first author, an assistant professor of environmental health at BU's School of Public Health (SPH), and core faculty at BU's Institute for Global Sustainability (IGS). "Especially for these more obscure pieces of energy infrastructure, this is the first step to tracking what emissions and stressors those are imposing on the communities."

Where Americans Live Along the Energy Supply Chain

The researchers also examined how exposure varies across different types of infrastructure. Nearly 21 million Americans live near end-use facilities such as power plants. More than 20 million live within a mile of extraction sites, including oil and gas wells. Storage locations, which include peak shaving facilities, underground gas storage sites, and petroleum product terminals, have over 6 million nearby residents. Fewer people reside near refining or transportation facilities. About 9 million people live close to multiple infrastructure types, meaning they are counted in more than one category.




"There is reason to believe that there could be air pollution coming from each of these stages, from consistent pollution, gas leaks, or blowouts, when gas or oil flows from a well uncontrollably," said Mary Willis, the study's senior author, an assistant professor of epidemiology at SPH, and core faculty at IGS. "All of these stages can reasonably impact a range of population health outcomes, yet the basic information of who is even near the infrastructure components has not been examined to date."

Environmental Inequities and Urban Concentration

The study highlights clear disparities in where fossil fuel infrastructure is located. Communities that are predominantly non-white experience higher exposure across all stages of the supply chain, reinforcing findings from previous environmental justice research.

The analysis also shows that proximity is far more common in urban areas. Almost 90% of the people living near end-use, transportation, refining, and storage sites are located in cities.

Looking at individual infrastructure types revealed trends that could guide future policy. A single piece of storage infrastructure has, on average, 2,900 residents living within a mile, while an extraction site typically has only 17. This reflects the fact that extraction sites are more numerous but located in less populated regions, whereas storage facilities are fewer in number but tend to be placed in densely populated areas.

"That means that if a local policymaker in an urban area were to take interest in reducing exposures, they may receive the most impact per piece of infrastructure if they focus on storage," Buonocore said.




A New National Database Makes This Research Possible

This study is the first to use the Energy Infrastructure Exposure Intensity and Equity Indices (EI3) Database for Public Health, introduced by Buonocore and Willis in spring 2024 at the Power & People Symposium. The research team also included Fintan Mooney, Erin Campbell, Brian Sousa, Breanna van Loenen, Patricia Fabian, and Amruta Nori-Sarma.

Before EI3, information on fossil fuel infrastructure was scattered across local, state, and federal databases, and some data sources required payment or special access. With support from an IGS Sustainability Research Grant jointly funded by IGS and SPH, the team combined available data into a single national resource. Their dataset is hosted on Harvard Dataverse. The grant also helped launch the SPH Energy and Health Lab, which Buonocore and Willis co-direct.

"The study really shows that there are big knowledge gaps across the supply chain, in terms of the hazards people are being exposed to, the consequent health impacts, and who is being exposed," Buonocore said. "With a lot of these different types of infrastructure, the hazards have not been fully characterized. Characterizing hazards and understanding who is most heavily exposed should be the first steps of understanding the possible health impacts. This research takes the first steps down that path."

Looking Ahead to Better Policies and Future Research

Although some states and municipalities regulate where fossil fuel operations can take place, many areas still allow infrastructure to be located very close to homes and schools. The team hopes their work will lead to more studies that can support informed policymaking and improve public health. Future research may include detailed monitoring of air, water, noise, and light pollution near facilities, and investigations using new datasets such as Medicaid records or information on specific groups like pregnancy planners.

"We're really the first group thinking about this as an integrated system. By quantifying all of these factors at once, we're potentially able to, down the line, directly compare: what are the health effects of living near an extraction site, compared to living near a storage site?" Willis said. "Having that in one database is the first step to doing any health studies in the future on this integrated system."
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Secret chemical traces reveal life on Earth 3. 3 billion years ago | ScienceDaily
A recent investigation has identified new chemical signs of ancient life in rocks that formed over 3.3 billion years ago. The same research uncovered molecular evidence that oxygen-producing photosynthesis began nearly a billion years earlier than scientists once believed.


						
Researchers from the Carnegie Institution for Science led an international effort that combined state-of-the-art chemical techniques with artificial intelligence. Their goal was to uncover extremely subtle chemical "whispers" of past biology hidden inside heavily altered ancient rocks. By applying machine learning, the team trained computer models to recognize faint molecular fingerprints left by living organisms long after the original biomolecules were destroyed.

Seaweed Fossils Offer a Window Into Early Complex Life

Michigan State University's Katie Maloney, an assistant professor in the Department of Earth and Environmental Sciences, contributed to the project. Her work focuses on how early complex life evolved and shaped ancient ecosystems. Maloney provided exceptionally well-preserved seaweed fossils that are roughly one billion years old, collected from Yukon Territory, Canada. These fossils are among the earliest known seaweeds in the geological record, dating to a time when most organisms were visible only under a microscope.

The study, published in the Proceedings of the National Academy of Sciences, offers new understanding of Earth's earliest biosphere. It also carries major implications for exploring life beyond Earth. The same methods could be applied to samples from Mars or other planetary bodies to determine whether they once supported life.

"Ancient rocks are full of interesting puzzles that tell us the story of life on Earth, but a few of the pieces are always missing," Maloney said. "Pairing chemical analysis and machine learning has revealed biological clues about ancient life that were previously invisible."

Why Early Biosignatures Are So Hard to Find

Life on early Earth left behind only sparse molecular evidence. Fragile materials such as primitive cells and microbial mats were buried, squeezed, heated, and fractured as the planet's crust shifted over billions of years. These intense processes destroyed most original biosignatures that could have provided insight into life's earliest stages.




Yet the new findings show that even after original molecules vanish, the arrangement of surviving fragments can still reveal important information about ancient ecosystems.

This research demonstrates that ancient life left behind more signals than scientists once suspected -- faint chemical "whispers" preserved within the rock record.

To identify these clues, the team used high-resolution chemical techniques to break down both organic and inorganic material into molecular fragments. They then trained an artificial intelligence system to recognize the chemical "fingerprints" associated with biological origins. The researchers analyzed more than 400 samples, ranging from modern plants and animals to billion-year-old fossils and meteorites. The AI system distinguished biological from nonbiological materials with over 90 percent accuracy and detected signs of photosynthesis in rocks at least 2.5 billion years old.

Doubling the Time Span for Detecting Ancient Life

Before this work, dependable molecular evidence for life had only been identified in rocks younger than 1.7 billion years. This new approach effectively doubles the period during which scientists can study chemical biosignatures.

"Ancient life leaves more than fossils; it leaves chemical echoes," said Dr. Robert Hazen, senior staff scientist at Carnegie and a co-lead author. "Using machine learning, we can now reliably interpret these echoes for the first time."

A New Way to Explore Earth's Deep Past and Other Worlds




For Maloney, who studies how early photosynthetic organisms reshaped the planet, the results are especially meaningful.

"This innovative technique helps us to read the deep time fossil record in a new way," she said. "This could help guide the search for life on other planets."
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Amazon scorpion venom shows stunning power against breast cancer | ScienceDaily
The venom of an Amazonian scorpion species may contain a compound capable of helping treat breast cancer, a disease that remains one of the top causes of death among women.


						
Researchers at the University of Sao Paulo's Ribeirao Preto School of Pharmaceutical Sciences (FCFRP-USP) in Brazil have pinpointed a molecule in the toxin of Brotheas amazonicus that appears to attack breast cancer cells in a way similar to a widely used chemotherapy medication.

These early findings were generated through a collaboration with scientists from the National Institute for Amazonian Research (INPA) and the Amazonas State University (UEA), and were presented during FAPESP Week France in the Occitanie region of southern France.

"Through bioprospecting, we were able to identify a molecule in the species of this Amazonian scorpion that is similar to that found in the venoms of other scorpions and that acts against breast cancer cells," said Eliane Candiani Arantes, a professor at FCFRP-USP and the coordinator of the project.

Turning Venom Components Into Biopharmaceutical Tools

Teams at FCFRP-USP and partner institutions have long worked to clone and express bioactive molecules, including proteins from rattlesnake and scorpion venom. These efforts take place within projects supported by FAPESP and connected to the Center for Translational Science and Development of Biopharmaceuticals (CTS), housed at the Center for the Study of Venoms and Venomous Animals (CEVAP) at Sao Paulo State University (UNESP) in Botucatu.

One result of this research is CEVAP's patented fibrin sealant, described as a "biological glue." It is produced from serinoproteinase enzymes extracted from snake venom (including Bothrops neuwiedi pauloensis and Crotalus durissus terrificus) combined with cryoprecipitate enriched with fibrinogen from buffalo, cattle, or sheep.




When applied, these components form a fibrin structure resembling the body's natural clotting and tissue repair processes. The sealant has been investigated for use in nerve repair, bone healing, and restoring movement following spinal cord injury. It is currently undergoing phase three clinical trials, which represent the final evaluation stage required before approval of a new therapy.

Advancing Fibrin Sealant Technology Through Genetic Expression

Recently, researchers cloned and expressed another rattlesnake serine protease known as cholinein-1. Its amino acid sequence differs from gyroxine, a toxin taken directly from rattlesnake venom and used in fibrin sealant production.

"Our idea now is to obtain this serine protease through heterologous expression [in a fragment or complete gene from a host organism that doesn't have it naturally] in Pichia pastoris," Arantes explained.

Using this same yeast species, first isolated in France in 1950, the researchers also plan to produce an endothelial growth factor called CdtVEGF. This molecule was originally identified in the venom of Crotalus durissus terrificus.

"This growth factor favors the formation of new vessels. If we combine it with colinein-1, we can create an improved fibrin sealant compared to the one being developed at CEVAP, with the possibility of expanding the industrial scale, since it can be obtained through heterologous expression," she said.




Through similar genetic expression approaches, the team identified two neurotoxins in scorpion venom with immunosuppressive effects. Working with collaborators at INPA and UEA, they also found a molecule named BamazScplp1 in the venom of Brotheas amazonicus that appears to have anti-tumor potential.

Laboratory tests showed that the peptide's impact on breast cancer cells was comparable to paclitaxel, a commonly prescribed chemotherapy treatment. It primarily triggers necrosis, a form of cell death previously associated with molecules from other scorpion species.

"We also intend to obtain these molecules through heterologous expression," said Arantes.

Developing New Cancer Therapies With Radioisotopes

In Campinas, in the state of Sao Paulo, researchers at a Research, Innovation and Dissemination Center (RIDC) funded by FAPESP -- the Cancer Theranostics Innovation Center (CancerThera) -- are pursuing a different therapeutic strategy. Their goal is to combine diagnosis and targeted treatment in a single approach.

This method originated in Germany and involves attaching various radioisotopes to molecules that target specific tumors. These tagged molecules can then be used in imaging and treatment.

"Depending on the type of radiation emitted by the isotope we attach to the molecule -- whether positron or gamma -- we can produce images of it using the tomography equipment available at CancerThera. When we document that an isotope captures too much of a particular molecule, we can replace it with another that emits more intense radiation locally and thus treat tumors," explained Celso Dario Ramos, a professor at the School of Medical Sciences at the State University of Campinas (FCM-UNICAMP) and one of CancerThera's lead researchers.

One group at the center focuses on identifying molecules that accumulate in different cancers, while the clinical team evaluates how known compounds might be repurposed.

"We've been studying known molecules from hematological cancers, primarily multiple myeloma, as well as other unknown molecules from head and neck cancer, liver cancer, sarcomas, lung cancer, colorectal cancer, and gastric cancer, among others. In addition, we've also been studying thyroid cancer, which has been treated with radioactive material, radioactive iodine, for many years, but some patients are resistant. That's why we're trying to identify another treatment possibility, with a different radioactive material, for these patients," Ramos told Agencia FAPESP.

A Personalized Cancer Vaccine Built From Dendritic Cells

Another experimental strategy is under development at the Biomedical Sciences Institute at the University of Sao Paulo (ICB-USP), where researchers are exploring an immunotherapy based on dendritic cells.

These cells are important components of the immune system, and their functioning is often compromised in cancer patients, explained Jose Alexandre Marzagao Barbuto, a professor at ICB-USP and the project coordinator.

"A few years ago it was discovered that it's possible to take monocytes from the blood cells of cancer patients and turn them into dendritic cells in the laboratory. But the dendritic cells produced in this way are often diverted to induce tolerance."

To address this issue, the team created dendritic cells from healthy donors and fused them with cancer cells from patients, producing a personalized vaccine designed to activate the immune system against the individual's own tumor.

Results from studies involving various cancers, including more recent tests with glioblastoma patients, suggest that this strategy can be effective when the immune response it generates is properly controlled.

"The immune system interprets this vaccine, based on dendritic cells from a healthy donor fused with the patient's tumor cells, as a transplant and reacts violently," said Barbuto. "We did the first studies on patients with melanoma and kidney cancer, and the results were very good, and others with glioblastoma. Now we're hoping to carry out a phase three clinical study."

Using AI to Improve MRI Predictions for Brain Cancer

Researchers at the Cancer University Institute of Toulouse (IUCT-Oncopole) in France are also contributing to the understanding of glioblastoma. Their work investigates whether artificial intelligence applied to magnetic resonance imaging can reliably indicate whether chemotherapy patients have a DNA modification associated with treatment outcomes and survival.

The modification, known as "MGMT promoter region methylation," influences how the MGMT protein is produced and regulated.

"MGMT methylation status is an important prognostic factor, but it requires biopsies that aren't necessarily representative of the entire tumor and can vary in recurrence," said Elizabeth Moyal, a researcher at IUCT-Oncopole and coordinator of the project.

Partnering with computer scientist Ahmed Berjaoui from IRT Saint-Exupery, the team adopted AI techniques originally designed for aerospace applications to help resolve these challenges.

"We've developed a model capable of predicting survival with high accuracy, ranging from 80% to 90%, and which surpasses other existing techniques," said Berjaoui.
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Secret underwater language of Hawaiian monk seals has 25 new calls | ScienceDaily
New research led by the UH Hawai`i Institute of Marine Biology (HIMB) Marine Mammal Research Program (MMRP) has greatly expanded scientists' understanding of how Hawaiian monk seals (Neomonachus schauinslandi) produce underwater sounds. The study, published in Royal Society Open Science, examined thousands of hours of passive acoustic recordings and uncovered 25 distinct underwater vocalizations. This represents a major jump from the six call types previously documented from seals in human care.


						
Researchers also found that the seals use these low-frequency calls throughout the day. Similar vocal patterns were detected across the Hawaiian Archipelago, and calling rates increased in areas with larger seal populations. These findings create an essential foundation for interpreting the acoustic environment of this critically endangered and uniquely Hawaiian species.

Revealing a Hidden Acoustic World

"We discovered that Hawaiian monk seals -- one of the world's most endangered marine mammals -- are far more vocal underwater than previously known," shares Kirby Parnell, lead author of the study and a PhD candidate with MMRP. "By analyzing over 4,500 hours of recordings from across the Hawaiian Archipelago, we identified more than 23,000 vocalizations representing at least 25 distinct call types."

The research team used passive acoustic recorders placed at five important monk seal habitats, spanning sites from Moloka`i to the remote Northwestern Hawaiian Islands. Their analysis revealed three major breakthroughs:
    	Expanded Vocal Repertoire: Twenty previously unknown call types were identified.
    	Novel Communication Strategy: Evidence suggests monk seals can link different calls to create "combinational calls" -- a form of communication never before documented in any pinniped species.
    	A Distinct Foraging Call: Researchers identified a new elemental call type, the Whine, used during foraging. This is only the second recorded instance of a seal species vocalizing while actively pursuing prey.

"We were surprised by the sheer diversity and complexity of monk seal vocalizations," notes Parnell. "The discovery of combinational calls, where seals link multiple call types together, suggests a previously unknown level of complexity in pinniped acoustic communication. Finding a new call type -- the Whine -- associated with foraging behavior was also unexpected and suggests that monk seals may use sound not only for mating or socializing, but possibly for foraging purposes as well."

Conservation Importance in Hawaiian Waters

The Hawaiian monk seal is the only marine mammal found exclusively in Hawai`i and holds significant cultural value. Understanding its acoustic behavior is crucial for conservation efforts, especially as ocean noise continues to increase.




"This research provides the first comprehensive description of free-ranging Hawaiian monk seal underwater sound production, an important step toward understanding how they use sound for critical life-history events," explains Lars Bejder, Director of MMRP, Professor at HIMB, and co-author of the study. "Because their vocalizations overlap with the same low-frequency range as many human-generated sounds (e.g. vessel noise), this work also helps us evaluate how ocean noise may affect communication, reproduction, and behavior in this endangered species."

These results support the future use of passive acoustic monitoring to track monk seal populations across their broad habitat range and protect the sound environments they rely on. Continued research will connect specific vocalizations to particular behaviors, including foraging, movement, social interactions, and reproduction. Another key goal is the development of automated detection systems that can monitor seal sounds more efficiently and with minimal disturbance, offering a long-term tool for conservation and ecological research.

The Team Behind the Discovery

The project brought together graduate students, undergraduate students, and recent alumni from the University of Hawai`i at Manoa, along with collaborators from France and the Pacific Islands Fisheries Science Center's Hawaiian Monk Seal Research Program.

"Manually annotating over 23,000 calls by hand is no small feat, and I have a team of interns to thank for helping with the analysis!" shares Parnell. "This research would also not have been possible without the support of the Hawaiian Monk Seal Research Program, who deployed and retrieved the acoustic recorders in the Papahanaumokuakea National Marine Sanctuary."

The study was supported by NOAA Fisheries through the Cooperative Ecosystem Studies Unit (CESU) award NA19NMF4720181.
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A crisis deepens as African penguins compete with fishing fleets for food | ScienceDaily
A new study led by the University of St Andrews reports that Critically Endangered African penguins (Spheniscus demersus) are far more likely to forage in the same waters as commercial fishing vessels during years when fish are scarce. This increased overlap heightens competition for food and intensifies pressure on a species already facing severe decline.


						
Published on November 17 in the Journal of Applied Ecology, the research presents a new metric called "overlap intensity" that evaluates not only where penguins and fishing vessels share space, but how many penguins are influenced by this interaction.

Population Declines and Fishing Pressure

African penguin numbers have dropped by nearly 80% over the past thirty years. One major factor in this decline is competition with local fisheries that catch sardines and anchovies, which are essential prey for the birds.

These fisheries rely on purse-seine nets, a method that captures schooling fish by encircling them with a large wall of netting.

Lead author Dr. Jacqueline Glencross of the Scottish Oceans Institute at the University of St Andrews explained the motivation behind the work. "We wanted a better way to assess how many penguins are potentially impacted when fisheries operate nearby -- not just where the overlap occurs," she said.

Tracking Data Shows Sharp Increases in Overlap

The research team used tracking information from penguins on Robben and Dassen Island. Collaborators included scientists from the University of Exeter, the South African Department of Forestry, Fisheries and the Environment, and BirdLife South Africa. Their analysis showed a dramatic rise in overlap during years when fish were less abundant. In 2016, a year marked by low fish biomass, about 20% of penguins were feeding in the same regions as active fishing vessels. In years with stronger fish stocks, this figure dropped to around 4%.




These results indicate that competition between penguins and fisheries becomes more intense when prey is limited. Such conditions are especially risky during chick-rearing, when adults must find food quickly and efficiently to support their young.

New Tool for Conservation and Fishery Management

By measuring overlap intensity across the population, the researchers have created a tool that can help assess ecological risks and guide ecosystem-based fishery management. The findings also support the development of dynamic marine protected areas that can adapt to real-time shifts in predator and prey behavior.

Legal Battles and Updated Fishing Closures

The African penguin recently became the focus of a significant South African court case that questioned the lack of meaningful fishing restrictions near breeding sites.

Earlier this year, conservation organizations and representatives from the fishing industry reached a high court agreement acknowledging the need for fishery closures around penguin colonies. Following this decision, the South African government reinstated more biologically meaningful no-fishing zones near Robben Island, one of the primary colonies examined in the study.

Dr. Glencross added that the research helps clarify the importance of these measures. "This research highlights why those closures are necessary. Previously unprotected areas with high overlap intensity are where the penguins were most at risk."
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A tiny ancient virus reveals secrets that could help fight superbugs | ScienceDaily
A research effort led by Otakou Whakaihu Waka has generated an in-depth structural map of a bacteriophage, offering new insight into how these viruses could be used to counter drug-resistant bacteria.


						
Lead author Dr. James Hodgkinson-Bean, who completed his PhD in the Department of Microbiology and Immunology, says bacteriophages are "extremely exciting" to scientists searching for alternatives to antibiotics as antimicrobial resistance continues to rise.

"Bacteriophage viruses are non-harmful to all multi-cellular life and able to very selectively target and kill a target bacterium. Due to this, they are increasingly being researched and applied in 'phage therapy' to treat highly drug-resistant bacteria," he says.

He explains that bacteriophages are "exquisitely intricate viruses" that infect bacteria using large mechanical structures known as 'tails'.

3D Analysis Reveals How a Phage Attacks E. coli

The study, published in Science Advances, involved researchers from Otago and the Okinawa Institute of Science and Technology. They examined the structure of Bas63, a virus that infects E. coli, at a molecular scale to better understand how its tail functions during infection.

"This kind of research is important for understanding how we can select the optimal bacteriophages for therapies, and to understand the differences in infectious behavior we see in the lab," Dr. Hodgkinson-Bean says.




Senior author Associate Professor Mihnea Bostina, also from Otago's Department of Microbiology and Immunology, notes that rising antibiotic resistance and growing threats to global food security from plant pathogens make bacteriophages an increasingly valuable alternative.

"Our detailed blueprint of a bacteriophage advances rational design for medical, agricultural, and industrial applications, from treating infections to combating biofilms in food processing and water systems.

"Beyond science, the 3D data -- which shows the virus' rare whisker-collar connections, hexamer decoration proteins, and diverse tail fibers -- may inspire artists, animators, and educators."

Structural Clues Strengthen Understanding of Viral Evolution

According to Dr. Hodgkinson-Bean, insights into viral structure also help clarify how these viruses have evolved.

"While DNA generally serves as the best evolutionary marker in humans, the 3-dimensional structure of a virus is more informative of its distant evolutionary relationships with other viruses," he says.




The team identified features that had previously only been seen in viruses that are very distantly related, revealing evolutionary connections that had not been documented before.

"We know through structural studies that bacteriophages are related to Herpes viruses -- this relationship is thought to extend back billions of years to before the emergence of multi-cellular life. For this reason, when we look at bacteriophage structure, we are looking at living fossils, primordial ancient beings.

"There is something truly beautiful about that."

Building on Earlier Discoveries

This newly described structure is the second of its kind documented by the same research group. It follows an earlier investigation into pathogens responsible for potato diseases, which was recently published in Nature Communications.
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Animals are developing the same chronic diseases as humans | ScienceDaily
Across the globe, a wide range of animals, including household pets, livestock, and marine species, are developing serious health problems such as cancer, obesity, diabetes, and degenerative joint disease. These non-communicable diseases (NCDs) chronic diseases are becoming increasingly common, yet the scientific community still lacks broad, interdisciplinary research that explains why they are rising in so many species. Understanding these trends is essential because the same factors influencing animal health often affect people as well.


						
A recent study in Risk Analysis introduces a new conceptual approach designed to improve monitoring and management of chronic diseases in animals. Led by animal scientist Antonia Mataragka of the Agricultural University of Athens, the research offers an evidence-based risk assessment model. The framework not only supports veterinary health but also provides insights relevant to public health, since humans and animals are experiencing similar increases in chronic illnesses.

Genetic and Environmental Drivers of Disease

After reviewing existing research on NCDs in animals, Mataragka's study highlights multiple contributing factors.

Genetic predisposition increases disease risk in certain populations. Dogs and cats that have been selectively bred for appearance and livestock bred for productivity show higher rates of conditions such as diabetes and mitral valve disease.

Environmental influences, including poor diet, limited physical activity, and long-term stress, also shape how and when these diseases appear across species.

Examples of these patterns are found in many environments. Obesity is widespread among domestic cats and dogs, with recent surveys estimating that 50-60% fall into the overweight category, which has contributed to yearly increases in feline diabetes. In agricultural settings, about 20% of intensively raised pigs develop osteoarthritis. Marine animals face similar challenges: beluga whales have documented gastrointestinal cancers, while farmed Atlantic salmon experience cardiomyopathy syndrome. Wildlife living in polluted estuaries contaminated with industrial chemicals such as polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) show liver tumor rates as high as 15-25%.




Environmental Change Intensifies Disease Risk

Human-driven ecological transformation is amplifying these threats. Urbanization, climate disruption, land conversion, and loss of biodiversity increase the frequency and severity of harmful exposures. Warming oceans and the decline of coral ecosystems correlate with higher tumor rates in marine turtles and fish. In cities, rising temperatures and poor air quality contribute to obesity, diabetes, and immune disorders in companion animals, while chemical runoff and airborne pollution influence endocrine function in birds and mammals.

"As environmental changes accelerate disease emergence, the absence of early diagnostic systems further delays the detection of NCDs in animals," says Mataragka. "While organizations like the World Health Organization provide extensive data on NCD mortality in humans, similar detailed statistics for animals are scarce. This indicates the need for more comprehensive research and enhanced surveillance in veterinary health to better understand and address these issues."

Understanding Disease Patterns Across Species

The study assesses NCD prevalence among different animal groups and examines how specific risk factors contribute to disease development. It proposes mitigation strategies at four levels: individual, population (herd), ecosystem, and policy. The findings highlight climate change, habitat degradation, pollution, and dietary imbalance as major forces increasing vulnerability among pets, livestock, and wildlife.

Linking One Health and Ecohealth Approaches

Mataragka's model blends One Health and Ecohealth frameworks, both of which emphasize the connections between human, animal, and environmental well-being (but typically operate independently). By bringing these perspectives together, the model shows how biological susceptibility (genetic predisposition) intersects with environmental and socio-ecological pressures to drive disease.

She hopes this integrated approach will support more coordinated monitoring of animals, people, and ecosystems and help identify early warning signs of rising NCDs. By recognizing shared drivers of chronic illness, researchers and policymakers may be better equipped to reduce disease risks across species.
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Melanoma rates are spiking fast in these 15 Pennsylvania counties | ScienceDaily
Counties in Pennsylvania that contain or sit close to cultivated cropland show notably higher melanoma rates than other parts of the state, according to new research led by scientists at Penn State.


						
Researchers at the Penn State Cancer Institute reviewed cancer registry data collected from 2017 through 2021 and discovered that adults over age 50 living in a 15-county area of South Central Pennsylvania were 57% more likely to be diagnosed with melanoma, the deadliest form of skin cancer, compared to residents elsewhere in the state. The team reported these results on Nov. 14 in the journal JCO Clinical Cancer Informatics.

Charlene Lam, associate professor of dermatology at Penn State Health and co-author of the study, noted that the elevated cases appear in both rural and urban counties. She explained that the higher risk is not limited to isolated locations or people who spend much of their time outdoors.

Agricultural Environments Linked to Elevated Risk

"Melanoma is often associated with beaches and sunbathing, but our findings suggest that agricultural environments may also play a role," she said. "And this isn't just about farmers. Entire communities living near agriculture, people who never set foot in a field, may still be at risk."

The usual suspect -- sunlight -- was included in the analysis. Yet even after adjusting for ultraviolet radiation levels in Pennsylvania and considering socioeconomic factors, two consistent associations emerged. Counties with more cultivated acreage and counties with greater herbicide use displayed significantly higher melanoma rates.

Herbicides, Biological Effects, and Melanoma Patterns

"Pesticides and herbicides are designed to alter biological systems," said Eugene Lengerich, emeritus professor of public health sciences at Penn State and senior author on the paper. "Some of those same mechanisms, like increasing photosensitivity or causing oxidative stress, could theoretically contribute to melanoma development."




According to the analysis, a 10% increase in cultivated land was linked to a 14% rise in melanoma cases across the region. Herbicide exposure showed a similar pattern: a 9% increase in herbicide-treated land corresponded to a 13% increase in melanoma incidence.

Lam emphasized that exposure is not restricted to those handling agricultural chemicals. She explained that these substances can drift on air currents, settle in household dust and enter water sources.

Chemical Drift and Community-Wide Exposure

"Our findings suggest that melanoma risk could extend beyond occupational settings to entire communities," she said. "This is relevant for people living near farmland. You don't have to be a farmer to face environmental exposure."

The study also referenced earlier research showing links between pesticide and herbicide exposure and melanoma, citing evidence that these chemicals can heighten sensitivity to sunlight, interfere with immune responses and damage DNA in non-human animals and plants.

Study Shows Associations, Not Proof of Cause

Benjamin Marks, first author on the paper and a medical and public health student at the Penn State College of Medicine, cautioned that while higher melanoma rates appear in areas with more cropland and herbicide use, the findings do not prove that chemicals used on crops such as corn, soybeans and grains directly cause cancer. Instead, he said the patterns point to a connection that deserves further study.




He added that research of this kind is useful for spotting broad trends, even though it cannot identify individual risk.

"Think of this as a signal, not a verdict," Marks said. "The data suggest that areas with more cultivated land and herbicide use tend to have higher melanoma rates, but many other factors could be at play like genetics, behavior or access to health care. Understanding these patterns helps us protect not just farmers, but entire communities living near farmland."

Implications Beyond Pennsylvania

Lam said she hopes to better understand how agricultural practices relate to public health, especially since similar trends have been identified in farming regions of Utah, Poland and Italy. She encouraged anyone concerned about risk to perform routine skin checks and use sun-protective clothing and sunscreen. As part of the next phase of research, she is leading studies in rural communities within the affected area to learn more about farming practices and potential exposure pathways.

"Cancer prevention can't happen in isolation," Lengerich said. "This study demonstrates the importance of a 'One Health' approach, an understanding that human health is deeply connected to our environment and agricultural systems. If herbicides and farming practices are contributing to melanoma risk, then solutions must involve not just doctors, but farmers, environmental scientists, policymakers and communities working together."

Other co-authors include Jiangang Liao, professor of public health sciences at Penn State College of Medicine, and Camille Moeckel, a fourth-year medical student and research associate at Penn State College of Medicine.

This work was supported by the MPH Capstone Program and the Medical Student Research Project at the Penn State College of Medicine, along with the University's Algin B. Garrett Professorship.
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New research uncovers the massive squid diet of Hawaiian pilot whales | ScienceDaily

How much energy a species must take in each day is an important indicator of its vulnerability if food becomes scarce. For short-finned pilot whales, which routinely plunge to depths of up to 1700m in search of squid, this information is especially valuable.

"These animals have been studied in locations around the world, but relatively little is known about them in Hawaiian waters," says William Gough (University of Hawai`i at Manoa, USA). He and his colleagues set out to determine exactly how much squid Hawaiian short-finned pilot whales rely on.

Tagging Pilot Whales to Track Deep Diving Behavior

To gather the data, the team traveled into offshore waters and placed suction-cup tags on eight whales. Each tag recorded extensive information, including motion data, video footage from a lighted camera, hydrophone audio of echolocation clicks, and GPS coordinates.

"Short-finned pilot whales are fairly small and quick, so we really have to pick our moment," recalls Gough. He explains that the ideal position for the tag was directly behind the blowhole and oriented toward the head so it could capture feeding activity during deep dives.

To estimate each animal's size, the researchers also used a drone positioned 25m above the whales as they swam.




Energy Use During Dives and How It Translates to Squid Needs

After retrieving the tags, which sometimes drifted as far as 50 miles before being recovered, Gough and his team documented 118 deep dives, with the whales reaching depths of up to 864m and averaging about 39 dives per day.

By analyzing tail-beat patterns as the whales descended, the researchers determined that the animals expend 73.8kJ/min during dives and 44.4kJ/min while resting at the surface. This led to a key question: how many squid must a whale consume to meet this daily energy demand?

By listening for distinct echolocation signals that indicate a whale catching a squid, the team estimated an average of about 4 squid captured per dive. Each squid provides roughly 560kJ of digestible energy.

From these calculations, Gough concluded that a single whale needs between 82 and 202 squid each day, adding up to around 73,730 squid per whale per year.

Scaling Up to the Full Hawaiian Population

To understand broader ecological impact, the scientists then estimated the total squid intake for the regional whale community. With up to 8,000 short-finned pilot whales living around Hawai`i, the combined consumption reaches approximately 88,000 tonnes of squid annually. Despite the enormous scale of these numbers, the scientists report that the squid populations in Hawaiian waters are robust enough to support this demand.

"These results show that short-finned pilot whales are in relatively good shape in Hawai`i, having found an abundant and reliable source of food," says Gough, who remains optimistic about the species' outlook in the region.
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Scientists find a surprising link between lead and human evolution | ScienceDaily
A major international research effort is reshaping the long-held belief that lead exposure is primarily a modern problem. The new findings show that early human ancestors encountered lead repeatedly for more than two million years, suggesting that this toxic metal may have played an unexpected role in shaping the evolution of hominid brains, behavior, and possibly language.


						
The study -- published in Science Advances -- also offers a new angle on why modern humans ultimately surpassed Neanderthals. Lab-grown brain organoids with Neanderthal genetic variants reacted more strongly to lead than organoids with human genetics, hinting that Neanderthals may have been more vulnerable to lead's neurological effects.

Researchers from the Geoarchaeology and Archaeometry Research Group (GARG) at Southern Cross University (Australia), the Department of Environmental Medicine at the Icahn School of Medicine at Mount Sinai Hospital (New York, USA), and the School of Medicine at the University of California San Diego (UCSD, USA) combined fossil chemistry, brain organoid experiments, and evolutionary genetics to uncover how lead factored into hominid history.

Evidence of Ancient Lead Exposure in Fossil Teeth

For many years, lead toxicity was assumed to be closely tied to human industry, including smelting, mining, and the use of leaded petrol and paint. That view shifted when researchers analysed 51 fossil teeth from a range of hominids and great apes, including Australopithecus africanus, Paranthropus robustus, early Homo, Neanderthals, and Homo sapiens. The teeth showed clear chemical traces of intermittent lead exposure that stretch back nearly two million years.

High-precision laser-ablation geochemistry performed at Southern Cross University's GARG Facility (located in Lismore, NSW) and at Mount Sinai's Exposomics laboratories revealed distinct 'lead bands' in the enamel and dentine. These bands formed during childhood and indicate recurring periods of lead intake from environmental sources (such as polluted water, soil, or volcanic activity) or from lead stored in the body's bones and released during times of stress or illness.

"Our data show that lead exposure wasn't just a product of the Industrial Revolution -- it was part of our evolutionary landscape," said Professor Renaud Joannes-Boyau, Head of the GARG research group at Southern Cross University.




"This means that the brains of our ancestors developed under the influence of a potent toxic metal, which may have shaped their social behavior and cognitive abilities over millennia."

How Lead Interacted With Early Brain Development

To understand the functional impact of this exposure, the team studied human brain organoids, which serve as simplified, lab-grown models of early brain development. They tested how lead affected two versions of a key developmental gene known as NOVA1, which regulates gene expression under lead exposure during neurodevelopment. The modern human version of NOVA1 differs from the variant seen in Neanderthals and other extinct hominids, although the reason for this evolutionary change was previously unclear.

Organoids carrying the Neanderthal-like NOVA1 variant showed substantial disruptions in FOXP2-expressing neurons in the cortex and thalamus when exposed to lead. These brain regions are essential for language and speech development. Organoids with the modern human NOVA1 gene showed far less disruption.

"These results suggest that our NOVA1 variant may have offered protection against the harmful neurological effects of lead," said Professor Alysson Muotri, Professor of Pediatrics/Cellular & Molecular Medicine and Director of the UC San Diego Sanford Stem Cell Institute Integrated Space Stem Cell Orbital Research Center.

"It's an extraordinary example of how an environmental pressure, in this case, lead toxicity, could have driven genetic changes that improved survival and our ability to communicate using language, but which now also influence our vulnerability to modern lead exposure."

Genetic Insights Into the Rise of Modern Humans




Genetic and proteomic data from the study showed that lead exposure in organoids with archaic gene variants disrupted multiple pathways tied to neurodevelopment, communication, and social behavior. The FOXP2 disruptions are especially noteworthy because of FOXP2's well-established role in speech and language. These results suggest that long-term pressure from environmental toxins may have nudged cognitive and communicative traits along different evolutionary paths in modern humans and Neanderthals.

"This study shows how our environmental exposures shaped our evolution," said Professor Manish Arora, Professor and Vice Chairman of Environmental Medicine.

"From the perspective of inter-species competition, the observation that toxic exposures can offer an overall survival advantage offers a fresh paradigm for environmental medicine to examine the evolutionary roots of disorders linked to environmental exposures."

What Ancient Lead Exposure Means for Us Today

Although modern lead exposure is mostly linked to industrial activities, it continues to pose a serious health threat, especially for children. The new findings show that human susceptibility to lead may be deeply rooted in our evolutionary past and shaped by interactions between genes and environmental conditions.

"Our work not only rewrites the history of lead exposure," added Professor Joannes-Boyau, "it also reminds us that the interaction between our genes and the environment has been shaping our species for millions of years, and continues to do so."

The research drew on fossil teeth from Africa, Asia, Europe, and Oceania, using detailed geochemical mapping to trace childhood episodes of lead intake. In parallel, brain organoids containing either modern or archaic NOVA1 genes were used to study how lead affected brain development, with particular attention to FOXP2, a gene central to language. Genetic, transcriptomic, and proteomic analyses were combined to build a broad understanding of how lead may have influenced the evolution of hominid cognition and social behavior.
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Chimps shock scientists by changing their minds with new evidence | ScienceDaily
Chimpanzees may share more with human thinkers than researchers once realized. A new study published in Science presents compelling evidence that chimpanzees can revise their beliefs in a rational way when they encounter new information.


						
The study, titled "Chimpanzees rationally revise their beliefs," was carried out by an international team that included UC Berkeley Psychology Postdoctoral Researcher Emily Sanford, UC Berkeley Psychology Professor Jan Engelmann and Utrecht University Psychology Professor Hanna Schleihauf. Their results indicate that chimpanzees, similar to humans, adjust their decisions based on how strong the available evidence is, which is a central component of rational thinking.

At the Ngamba Island Chimpanzee Sanctuary in Uganda, the researchers designed an experiment involving two boxes, one of which contained food. The chimps were first given a hint about which box held the reward. Later, they received a clearer and more convincing clue that pointed to the other box. Many of the animals changed their choice after receiving the stronger information.

"Chimpanzees were able to revise their beliefs when better evidence became available," said Sanford, a researcher in the UC Berkeley Social Origins Lab. "This kind of flexible reasoning is something we often associate with 4-year-old children. It was exciting to show that chimps can do this too."

Testing Whether Chimps Are Reasoning or Acting on Instinct

To confirm that the animals were truly engaging in reasoning rather than reacting on impulse, the researchers used tightly controlled experiments combined with computational modeling. These methods helped rule out simpler explanations, such as the chimps favoring the most recent clue (recency bias) or simply responding to the easiest cue to notice. The modeling showed that their decisions followed patterns consistent with rational belief revision.

"We recorded their first choice, then their second, and compared whether they revised their beliefs," Sanford said. "We also used computational models to test how their choices matched up with various reasoning strategies."

This work challenges long-held assumptions that rationality, defined as forming and updating beliefs based on evidence, belongs only to humans.




"The difference between humans and chimpanzees isn't a categorical leap. It's more like a continuum," Sanford said.

Broader Implications for Learning, Childhood Development and AI

Sanford believes these findings may influence how scientists think about a wide range of fields. Learning how primates update their beliefs could reshape ideas about how children learn and even how artificial intelligence systems are designed.

"This research can help us think differently about how we approach early education or how we model reasoning in AI systems," she said. "We shouldn't assume children are blank slates when they walk into a classroom."

The next phase of the project will apply the same belief revision tasks to young children. Sanford's team is now gathering data from two- to four-year-olds to see how toddlers handle changing information compared to chimps.

"It's fascinating to design a task for chimps, and then try to adapt it for a toddler," she said.




Expanding the Study to Other Primates

Sanford hopes to broaden the work to additional primate species, creating a comparative view of reasoning abilities across evolutionary branches. Her previous research spans topics from empathy in dogs to numerical understanding in children, and she notes that one theme continues to stand out: animals often demonstrate far more cognitive sophistication than people assume.

"They may not know what science is, but they're navigating complex environments with intelligent and adaptive strategies," she said. "And that's something worth paying attention to."

Other members of the research team include: Bill Thompson (UC Berkeley Psychology); Snow Zhang (UC Berkeley Philosophy); Joshua Rukundo (Ngamba Island Chimpanzee Sanctuary/Chimpanzee Trust, Uganda); Josep Call (School of Psychology and Neuroscience, University of St Andrews); and Esther Herrmann (School of Psychology, University of Portsmouth).
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Scientists recover 40,000-year-old mammoth RNA still packed with clues | ScienceDaily
Researchers from Stockholm University have -- for the first time ever -- managed to successfully isolate and sequence RNA molecules from Ice Age woolly mammoths. These RNA sequences are the oldest ever recovered and come from mammoth tissue preserved in the Siberian permafrost for nearly 40,000 years. The study, published in the journal Cell, demonstrates that RNA, along with DNA and proteins, can remain intact for extremely long periods and can reveal new details about long-extinct species.


						
"With RNA, we can obtain direct evidence of which genes are 'turned on', offering a glimpse into the final moments of life of a mammoth that walked the Earth during the last Ice Age. This is information that cannot be obtained from DNA alone," says Emilio Marmol, lead author of the study. Formerly a postdoctoral researcher at Stockholm University, he is now based at the Globe Institute in Copenhagen. During his time at Stockholm University, he collaborated with researchers at SciLifeLab and the Centre for Palaeogenetics, a joint initiative between Stockholm University and the Swedish Museum of Natural History.

Why Ancient RNA Matters

Understanding how prehistoric genes functioned and were activated is crucial for learning more about extinct species. Scientists have spent years analyzing mammoth DNA to reconstruct their genomes and evolutionary relationships, but RNA has remained largely inaccessible. Because RNA breaks down quickly after death, many researchers assumed it could not survive long enough to be studied in animals that disappeared thousands of years ago.

"We gained access to exceptionally well-preserved mammoth tissues unearthed from the Siberian permafrost, which we hoped would still contain RNA molecules frozen in time," adds Emilio Marmol.

"We have previously pushed the limits of DNA recovery past a million years. Now, we wanted to explore whether we could expand RNA sequencing further back in time than done in previous studies," says Love Dalen, professor of Evolutionary Genomics at Stockholm University and the Centre for Palaeogenetics.

The Oldest RNA Ever Sequenced

The researchers identified distinct patterns of gene expression in frozen muscle tissue from Yuka, a juvenile mammoth that died almost 40,000 years ago. Among the more than 20,000 protein-coding genes in the mammoth genome, only a portion were active. The RNA molecules they detected coded for proteins involved in muscle contraction and metabolic responses to stress.




"We found signs of cell stress, which is perhaps not surprising since previous research suggested that Yuka was attacked by cave lions shortly before his death," says Emilio Marmol.

They also uncovered numerous RNA molecules involved in regulating gene activity within the mammoth muscle.

Ancient microRNAs Confirm Authentic Mammoth Signals

"RNAs that do not encode for proteins, such as microRNAs, were among the most exciting findings we got," says Marc Friedlander, associate professor at the Department of Molecular Biosciences, The Wenner-Gren Institute at Stockholm University and SciLifeLab.

"The muscle-specific microRNAs we found in mammoth tissues are direct evidence of gene regulation happening in real time in ancient times. It is the first time something like this has been achieved," he says.

These microRNAs helped confirm that the genetic signals truly originated from mammoths.




"We found rare mutations in certain microRNAs that provided a smoking-gun demonstration of their mammoth origin. We even detected novel genes solely based on RNA evidence, something never before attempted in such ancient remains," notes Bastian Fromm, associate professor at the Arctic University Museum of Norway (UiT).

RNA Survives Far Longer Than Expected

"RNA molecules can survive much longer than previously thought."

"Our results demonstrate that RNA molecules can survive much longer than previously thought. This means that we will not only be able to study which genes are 'turned on' in different extinct animals, but it will also be possible to sequence RNA viruses, such as influenza and coronaviruses, preserved in Ice Age remains," says Love Dalen.

In the years ahead, the team hopes to integrate prehistoric RNA with DNA, proteins, and other preserved biomolecules.

"Such studies could fundamentally reshape our understanding of extinct megafauna as well as other species, revealing the many hidden layers of biology that have remained frozen in time until now," finishes Emilio Marmol.

Woolly Mammoths and Their Disappearance

Woolly mammoths once roamed the icy plains of Eurasia and North America, perfectly adapted to life during the last Ice Age (approximately 115,000-11,500 years ago). With their thick coats, curved tusks, and towering size, they grazed the vast steppes that stretched across the northern hemisphere. But as the climate warmed, the woolly mammoths gradually vanished, with the last small herds surviving on remote Arctic islands until just 4,000 years ago.
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Extreme floods are slashing global rice yields faster than expected | ScienceDaily
Intense flooding has significantly reduced rice harvests around the world in recent decades, putting at risk the food supply of billions of people who rely on the grain as a dietary staple. Between 1980 and 2015, annual losses averaged about 4.3%, or roughly 18 million tons of rice each year, according to Stanford University research published November 14 in Science Advances.


						
The researchers found that the damage has grown worse since 2000 as extreme floods have become more common in many of the planet's main rice-growing regions. They report that climate change is likely to further increase the frequency and severity of these destructive floods in the coming decades.

Droughts, Floods, and a Delicate Balance for Rice

Scientists and farmers have long known that rice yields fall during droughts. The new study adds fresh detail to this picture, estimating that droughts reduced rice yields by an average of 8.1% per year during the 35-year study window. At the same time, the work draws attention to a related but less examined danger from too much water. Rice plants benefit from shallow standing water during early growth, yet prolonged or deep flooding can severely damage or kill the crop.

"While the scientific community has focused on damage to rice yield due to droughts, the impacts of floods have not received enough attention," said Steven Gorelick, the study's senior co-author and a professor of Earth system science in the Stanford Doerr School of Sustainability. "Our research documents not only areas where rice yields have suffered due to past flooding, but also where we can anticipate and prepare for this threat in the future."

What Counts as a 'Rice-Killing' Flood

The research team clearly spells out, for the first time, the conditions that turn a flood into a lethal event for rice, said lead study author Zhi Li, who worked on the project as a postdoctoral fellow in Gorelick's lab at Stanford and recently joined the faculty of the University of Colorado Boulder.




They found that a full week of complete submergence during the plant's growth cycle is the critical tipping point. "When crops are fully submerged for at least seven days, most rice plants die," Li said. "By defining 'rice-killing floods,' we were able to quantify for the first time how these specific floods are consistently destroying one of the most important staple foods for more than half of the global population."

How the Researchers Measured Flood and Drought Damage

To estimate how much past droughts and floods have harmed rice production, the scientists combined several lines of evidence. They drew on information about rice growth stages, annual global rice yields, a worldwide database of droughts and floods dating back to 1950, a model of how floods behave across landscapes, and a simulation of soil moisture levels over time in major rice-growing river basins.

Their analysis indicates that, in the coming decades, the most intense week of rainfall in key rice-growing basins around the world could deliver 13% more rain than the average for those regions during the 1980 to 2015 baseline period. This projected increase suggests that rice-killing flood conditions may become more common as the climate continues to warm.

Flood-Resistant Rice Varieties and High-Risk Regions

Wider use of flood-resistant rice varieties could help reduce future losses, especially in the areas that face the highest risk. The study highlights the Sabarmati Basin in India, which experiences the longest rice-killing floods, along with North Korea, Indonesia, China, the Philippines, and Nepal, where the impact of such floods on rice yields has grown the most in recent decades. The greatest total losses have occurred in North Korea, East China, and India's West Bengal.




The researchers also identified exceptions, such as India's Pennar Basin, where flooding appears to boost rice yields. They suggest that in these locations, hot and dry conditions may allow standing floodwater to evaporate quickly, reducing long-term damage and sometimes even creating favorable moisture conditions for the crop.

Compounding Climate Stresses on Rice

For Gorelick and Li, the new findings reinforce the need to understand how rice responds not only to floods and droughts, but also to heat waves and cold stress, both individually and when they occur in succession. Earlier research has shown that rapid swings from drought to flood and back again can nearly double rice yield losses compared with single flood or drought events on their own. According to the authors, "How these combined effects can be mitigated remains a major challenge."

Additional co-authors not mentioned above include Lorenzo Rosa, who is affiliated with the Department of Earth System Science in the Stanford Doerr School of Sustainability and the Department of Global Ecology at the Carnegie Institution for Science. The research was supported by a Dean's Postdoctoral Fellowship awarded to Li by the Stanford Doerr School of Sustainability.
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Floating device turns raindrops into electricity | ScienceDaily
Raindrops are more than a source of fresh water. They also carry mechanical energy that reaches the ground for free, and scientists have been exploring how to turn that energy into electricity for years. Traditional droplet electricity generators, however, often struggle with low efficiency, heavy components, and limited potential for scaling up. A research team from Nanjing University of Aeronautics and Astronautics has now developed a new solution: a floating droplet electricity generator that uses natural water as part of its structure. The result is a lighter, more affordable, and more sustainable way to collect clean energy. The work is described in National Science Review.


						
Most droplet electricity generators use a solid platform and a metal bottom electrode. When a raindrop hits the dielectric film on top, the impact produces an electrical signal. Although this approach can generate hundreds of volts, it relies on rigid, costly materials that limit widespread deployment. The new design takes a different approach by allowing the device to float on a water surface. In this setup, the water itself acts as the supporting base and also serves as the conductive electrode. This nature-integrated configuration cuts the device's weight by about 80 percent and lowers cost by about 50 percent while maintaining similar electrical output compared to conventional systems.

How Water Improves Energy Generation

When a raindrop lands on the floating dielectric film, the water beneath it provides the strength needed to absorb the impact because of its incompressibility and surface tension. This lets the droplet spread more effectively across the surface. At the same time, ions in the water act as charge carriers, allowing the water layer to operate as a dependable electrode. These combined effects enable the floating generator to deliver high peak voltages of around 250 volts per droplet, a performance level comparable to devices that rely on metal components and solid substrates.

Durability is a major advantage of the new system. Tests showed that the W-DEG continued to function under a wide range of temperatures and salt levels, and even when exposed to natural lake water containing biofouling. Many energy-harvesting devices degrade in such environments, but this generator remained stable because its dielectric layer is chemically inert and its water-based structure is naturally resilient. To improve reliability further, the team used water's strong surface tension to design drainage holes that let water move downward but not upward. This creates a self-regulating way to remove excess droplets and helps prevent water buildup that could interfere with performance.

Scalable Design for Large-Area Energy Collection

Scalability is a promising aspect of this technology. The researchers created an integrated device measuring 0.3 square meters, which is much larger than most previous droplet generators, and demonstrated that it could power 50 light-emitting diodes (LEDs) at the same time. The system also charged capacitors to useful voltages within minutes, showing its potential for powering small electronics and wireless sensors. With continued development, similar systems could be deployed on lakes, reservoirs, or coastal waters, providing renewable electricity without using any land-based space.




"By letting water itself play both structural and electrical roles, we've unlocked a new strategy for droplet electricity generation that is lightweight, cost-effective, and scalable," said Prof. Wanlin Guo, a corresponding author of the study. "This opens the door to land-free hydrovoltaic systems that can complement other renewable technologies like solar and wind."

Broader Applications and Future Possibilities

The impact of this research goes beyond capturing energy from rainfall. Because the generator floats naturally on water, it could support environmental monitoring systems in diverse aquatic settings, including sensors for water quality, salinity, or pollution. In areas with frequent rain, the technology could offer a distributed source of clean power for local grids or act as a resource for off-grid needs. The "nature-integrated design" approach, which uses abundant natural materials like water as essential working components, may also inspire future advances in sustainable technology.

Although the laboratory results are encouraging, the researchers emphasize that additional work is necessary before the technology can be deployed at large scales. Real raindrops vary in both size and speed, and these differences could influence power generation. Maintaining the durability of large dielectric films in dynamic outdoor conditions will also require further engineering. Even so, the successful demonstration of a stable, efficient, and scalable prototype represents an important step toward practical applications.
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Ancient Chinese tombs reveal a hidden 4,000-year pattern | ScienceDaily
Tombs found throughout China, built from the time of the 4,000-year old Xia Dynasty to the present day, offer insight into long-term social and political trends. This conclusion comes from a study published October 29, 2025 in the open-access journal PLOS One by Quanbao Ma of the Beijing University of Civil Engineering and Architecture, China, along with colleagues.


						
The team created a detailed map of ancient tomb sites across the country to look for patterns in how these burial locations changed through time. Their analysis shows that both socioeconomic conditions and local geography likely played important roles in shaping where these tombs were placed.

How Stability and Prosperity Affected Tomb Construction

The researchers found that many of the better-preserved tombs date to periods marked by relative political and economic stability. Examples include the Qin-Han and Yuan-Ming-Qing dynasties. In contrast, fewer tombs survive from more turbulent eras, such as the Five Dynasties period. According to the study, people living during prosperous times may have had more resources and opportunities to focus on burial customs and beliefs about the afterlife.

Population changes also appear to have influenced where tombs were built. The researchers note that frequent conflict in northern China from the late Eastern Han dynasty through the Northern and Southern dynasties pushed many communities to relocate to the south. As a result, tombs from this era are more heavily concentrated in southern regions.

Two areas, the Chengdu-Chongqing region and the Central Plains, contain especially large numbers of surviving tombs. Chengdu-Chongqing has fertile and relatively level terrain, while the Central Plains combine flat landscapes with ample water. These environmental advantages would have supported long-lasting settlements. Both regions are also relatively humid, which the researchers suggest may have helped protect artifacts placed inside the tombs.

Preserving Cultural Heritage for the Future

According to the study, burial sites offer essential information about China's cultural heritage, and the researchers hope their findings will support future preservation efforts. They emphasize the importance of building a stronger scientific foundation for safeguarding these historically significant sites.

The authors state: "This study conducted a systematic digital survey and analysis of the spatiotemporal distribution characteristics and influencing factors of ancient tombs in China, revealing their evolution patterns and influencing factors, thus laying an important theoretical foundation for building a scientific and precise protection system."

This study was supported by the National Social Science Fund of China in the form of a grant awarded to Quanbao Ma (22FYSB019) and the National Social Science Fund of China in the form of a salary for Quanbao Ma. The specific roles of this author are articulated in the 'author contributions' section. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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Science finally solves a 700-year-old royal murder | ScienceDaily
An international team led by Hungarian scholars has successfully confirmed that skeletal remains discovered in Budapest belong to Duke Bela, the Ban of Macso, who descended from both the Arpad and Rurik dynasties. This finding resolves a long-standing archaeological mystery that has lingered for more than a century.


						
The project was organized by Tamas Hajdu (Department of Anthropology, Faculty of Sciences, Eotvos Lorand University (ELTE TTK)), with genetic analyses conducted by Anna Szecsenyi-Nagy and Noemi Borbely of the Institute of Archaeogenomics, ELTE RCH. Their work demonstrates how historical accounts can be validated and violent deaths reconstructed in remarkable detail when the humanities and natural sciences collaborate. The study has been published in Forensic Science International: Genetics.

Early Discoveries on Margaret Island

The story began in 1915, when archaeologists excavating the Dominican monastery on Margaret Island (Budapest) uncovered the bones of a young man in the sacristy. Based on the burial context, period sources, and the evidence of trauma on the skeleton, researchers at the time suggested that the remains belonged to Bela Duke of Macso, a member of the House of Arpad. Bela of Macso (born after 1243 -- died: November 1272) was the grandson of King Bela IV on his mother's side, while his father's lineage traced back to the Rurik dynasty of northern, Scandinavian origin, which produced numerous Grand Dukes of Kiev from the 9th century onward. According to 13th-century Austrian chronicles, Duke Bela was assassinated in November 1272 by Ban Henrik "Koszegi" of the Heder family and his associates. Contemporary stories describe how his mutilated body was collected by Margit (his sister) and Erzsebet (his niece) and buried at the Dominican monastery.

Lost Bones and a 20th-Century Disappearance

After the excavation, the remains were sent to Lajos Bartucz at the Institute of Anthropology of the Budapest University (now: Department of Anthropology, ELTE TTK) for bioanthropological study. Bartucz documented 23 sword cuts across the skeleton, along with multiple fatal skull injuries. He concluded that the duke had been attacked by several individuals simultaneously and had even been struck while lying on the ground. Bartucz mentioned the bones publicly in 1936 and published a photograph of the skull in 1938. After that, all references to the remains disappeared, and many experts believed they had been lost during the Second World War. Unexpectedly, in 2018 the postcranial bones were rediscovered in a wooden box stored among tens of thousands of specimens in the Anthropology Collection of the Hungarian Museum of Natural History, while the skull continued to be curated in the Aurel Torok Collection at ELTE.

Reopening the Case With Modern Science

In 2018, a new international research consortium was formed under the leadership of Tamas Hajdu (Department of Biological Anthropology, ELTE TTK). The group included anthropologists, geneticists, an archaeologist, an archaeobotanist, stable isotope specialists, radiocarbon experts, and dentists. Their objective was to verify the identity of the remains using modern forensic and bioarchaeological methods and to reconstruct as fully as possible the life and death of the duke.




The find holds exceptional historical value. Besides King Bela III, Bela of Macso is the only confirmed member of the House of Arpad whose nearly complete skeleton is still preserved. This provides rare insight into both the genetic heritage of the Arpad dynasty and the Rurik line. Researchers from Vienna, Bologna, Helsinki, Harvard University, and multiple Hungarian institutions participated in the project.

Biological Profile and Diet Insights

Anthropological analysis showed that the man buried beneath the monastery floor on Margaret Island was in his early twenties. Radiocarbon dating was performed by two laboratories to ensure accuracy after early 14C measurements suggested a date slightly earlier than expected (second half of the 13th century). Additional tests by the Nuclear Research Institute (Debrecen) revealed that the unexpectedly early date was caused by dietary habits. The individual had consumed high amounts of animal protein, including fish and possibly shellfish that fed on ancient carbon sources, creating a known "reservoir" effect in the bones.

The team also examined dental calculus to further reconstruct his diet. More than a thousand microfossils were recovered from the tartar. Starch grains from wheat and barley, along with clear signs of milling, cooking, and baking, indicated that his meals included cooked wheat semolina and baked wheat bread.

Strontium isotope analysis, which helps determine where a person lived during different stages of life, showed that the individual did not grow up in the same place where he was buried. His early childhood isotope signatures match those found in the region of Vukovar and Syrmia (now part of Croatia and Serbia; earlier this region was a part of the Macso Banat of the Medieval Kingdom of Hungary), as well as other parts of the Carpathian Basin. Later in childhood he moved to a different area, possibly near modern Budapest.

Genetic Evidence Links the Skeleton to Royal Lineages

The final confirmation of identity was carried out at the Institute of Archaeogenomics of ELTE RCH by Anna Szecsenyi-Nagy and Noemi Borbely. Multiple lines of genetic evidence supported the genealogical connections described in historical documents. The results show that Bela of Macso was the great-grandson (fourth-degree descendant) of King Bela III, and his genetic distance to Saint Ladislaus fits this expected lineage pattern.




Genome-wide analysis revealed that the duke had a strong Scandinavian genetic component (almost half), significant Eastern Mediterranean ancestry, and a smaller early medieval Central European component. The Scandinavian contribution supports his descent from the Rurik dynasty, while the Eastern Mediterranean component may correspond to his maternal grandmother, Maria Laskarina, a member of the Byzantine imperial family and wife of Bela IV. Y-chromosome results also confirm the historically documented Rurik paternal line. A 2023 Russian archaeogenomic study showed that a 13th-century Rurikid (Dmitry Alexandrovich) belonged to the same paternal lineage, which can be traced back to Yaroslav I (Yaroslav Vladimirovich, also known as Yaroslav the Wise). Genetic data from present-day Rurikid descendants further reinforces this connection.

Reconstructing a Coordinated and Brutal Assassination

To understand how Bela died and to compare the evidence with medieval accounts, the team conducted a detailed forensic anthropological investigation. The analysis documented 26 perimortem injuries, including nine to the skull and 17 to the rest of the body, all inflicted during a single violent attack. The pattern of wounds suggests that three assailants took part: one confronted him from the front while the others struck from the left and right.

The wounds show that Bela recognized the attack and tried to defend himself. Two types of weapons were likely used, probably a sabre and a longsword. The depth and clarity of the cuts indicate that he wore no armor when he was killed. The reconstructed sequence of violence begins with strikes to the head and upper body, followed by severe defensive injuries as he attempted to block further blows. He was ultimately incapacitated by strikes from the side, and once he fell to the ground, the attackers delivered fatal blows to his head and face. The number and intensity of these injuries point to strong emotional motivation (e.g. sudden anger, hatred), while the coordinated nature of the attack suggests planning. Although Duke Bela's assassination in November 1272 appears to have been partly or wholly premeditated, the manner of the killing indicates that it was not carried out calmly.

Researchers and institutions participating in the research project:
    	Tamas Hajdu coordinator of the project, first author: Department of Biological Anthropology at ELTE, Budapest and Centre for Applied Bioanthropology, Institute for Anthropological Research, Zagreb, Croatia
    	Noemi Borbely, corresponding author: Institute of Archaeogenomics, ELTE RCH, Budapest and Doctoral School of Biology at ELTE
    	Zsolt Bernert and Agota Buzar: Hungarian Natural History Museum, Budapest
    	Tamas Szeniczey: Department of Biological Anthropology at ELTE, Budapest
    	Istvan Major, Mihaly Molnar, Aniko Horvath, Laszlo Palcsu and Zsuzsa Lisztes-Szabo: Isotope Climatology and Environmental Research Centre, HUN-REN Institute for Nuclear Research, Debrecen
    	Zsuzsa Lisztes-Szabo: Department of Botany, Faculty of Science and Technology, University of Debrecen, Debrecen
    	Claudio Cavazzuti: Department of History and Culture, Alma Mater Studiorum, University of Bologna, Bologna, Italy
    	Barna Arpad Kelentey and Janos Angyal: Faculty of Dentistry, University of Debrecen, Debrecen
    	Balazs Gusztav Mende and Kristof Jakab: Institute of Archaeogenomics, ELTE RCH, Budapest
    	Takacs Agoston: Medieval Department, Castle Museum -- Budapest History Museum, Budapest
    	Olivia Cheronet and Ron Pinhasi: Department of Evolutionary Anthropology, University of Vienna, Vienna, Austria.
    	David Emil Reich: Department of Genetics, Harvard Medical School, Boston, USA, Department of Human Evolutionary Biology, Harvard University, Cambridge, USA, Broad Institute of MIT and Harvard, Cambridge, USA es Howard Hughes Medical Institute, Boston, USA
    	Martin Trautmann, correspondig author: Department of Cultures/Archaeology, University of Helsinki, Helsinki, Finland es A und O -- Anthropologie und Osteoarchaologie Praxis fur Bioarchaologie, Munchen
    	Anna Szecsenyi-Nagy, last author: Institute of Archaeogenomics, ELTE RCH, Budapest
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Scientists uncover a massive hidden crater in China that rewrites Earth's recent history | ScienceDaily
A recently uncovered and unusually intact impact crater is offering scientists new insights into how objects from space have struck Earth throughout its history.


						
Researchers from Shanghai and Guangzhou, China, describe their findings in the journal Matter and Radiation at Extremes (AIP Publishing). They identified the feature as the Jinlin crater, a bowl-shaped structure positioned on a hillside and protected within a thick layer of weathered granite.

A Rare and Young Crater in Southern China

The crater lies in Zhaoqing, Guangdong Province, and is one of only about 200 confirmed impact sites on the planet. Its age places it among the youngest known. Soil erosion measurements indicate that it likely formed during the early-to-mid Holocene -- the geological interval that began at the end of the last ice age roughly 11,700 years ago. With a width of 900 meters, it is the largest verified crater from this period -- surpassing Russia's Macha crater, which measures 300 meters and was previously considered the biggest Holocene impact site.

"This discovery shows that the scale of impacts of small extraterrestrial objects on the Earth in the Holocene is far greater than previously recorded," said author Ming Chen.

Clues About the Object That Struck Earth

The team concluded that the object responsible was a meteorite rather than a comet. A cometary collision would have produced a much larger crater, likely at least 10 kilometers across. What remains unknown is whether the meteorite was composed of stone or iron, a distinction that requires further study.




Remarkable Preservation and Shock Features in Quartz

One of the most unexpected aspects of Jinlin is how well it has survived. The area experiences heavy rainfall, strong monsoons, and high humidity, all of which rapidly erode rock. Even so, the crater remains clear and well defined. Inside its granite layers, researchers discovered numerous grains of quartz marked by tiny structures known as planar deformation features. These microscopic signatures are widely recognized by geologists as a hallmark of an impact event.

"On the Earth, the formation of planar deformation features in quartz is only from the intense shockwaves generated by celestial body impacts, and its formation pressure ranges from 10 to 35 gigapascals, which is a shock effect that cannot be produced by any geological process of the Earth itself," said Chen.

Significance for Understanding Earth's Impact History

Although every location on Earth is thought to have had similar chances of being hit by an extraterrestrial object over time, the evidence of past collisions does not survive equally well. Rock types, climate, and erosion patterns vary across the planet, allowing many ancient craters to vanish entirely. The survival of the Jinlin crater therefore provides an unusually clear window into events that shaped the recent geological past.

"The impact crater is a true record of Earth's impact history," said Chen. "The discovery of the Earth impact crater can provide us with a more objective basis for understanding the distribution, geological evolution, and impact history and regulation of small extraterrestrial bodies."
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55-million-year-old fossils reveal bizarre crocs that dropped from trees | ScienceDaily
The oldest known crocodile eggshells ever identified in Australia are giving UNSW researchers fresh insight into long vanished animals and the environments they depended on. These remains come from creatures that lived millions of years before the continent separated from the landmasses that became Antarctica and South America.


						
In the small southeast QLD town of Murgon, scientists have spent decades excavating what appears to be an ordinary clay pit in a local grazier's backyard. Beneath the surface sits one of Australia's earliest fossil-bearing locations, a site that provides a rare look into a time when the continent was still part of a much larger supercontinent.

An international research group led by the Institut Catala de Paleontologia Miquel Crusafont (ICP), working with UNSW Sydney, has now identified these ancient crocodilian eggshells. The team confirmed they are the oldest ever recovered in Australia.

The fragments have been formally named Wakkaoolithus godthelpi. They once came from mekosuchine crocodiles, an extinct group that dominated waterways about 55 million years ago. Australia's modern freshwater and saltwater crocodiles only appeared far later, roughly 3.8 million years ago.

"These eggshells have given us a glimpse of the intimate life history of mekosuchines," says the study's, opens in a new window lead author Xavier Panades i Blas. "We can now investigate not only the strange anatomy of these crocs, but also how they reproduced and adapted to changing environments."

Unusual Behaviors in Ancient Mekosuchine Crocodiles

Unlike today's crocodiles, mekosuchines occupied a surprising range of ecological roles.




"It's a bizarre idea," says UNSW paleontologist Professor Michael Archer. "But some of them appear to have been terrestrial hunters in the forests."

Evidence from younger mekosuchine fossils supports this interpretation. These fossils were found in 25-million-year-old deposits at the Riversleigh World Heritage Area in Boodjamulla National Park on Waanyi country in northwestern QLD.

Some river-dwelling species at Riversleigh reached lengths of at least five meters. Prof. Archer says some were likely semi-arboreal as well.

"Some were also apparently at least partly semi-arboreal 'drop crocs'," he says. "They were perhaps hunting like leopards -- dropping out of trees on any unsuspecting thing they fancied for dinner."

Eggshells as a Tool for Reconstructing Ancient Environments

Panades i Blas highlights the scientific value of eggshells in reconstructing ancient life.




"They preserve microstructural and geochemical signals that tell us not only what kinds of animals laid them, but also where they nested and how they bred," he says. "Our study shows just how powerful these fragments can be. Eggshells should be a routine, standard component of paleontological research -- collected, curated and analyzed alongside bones and teeth."

The Murgon samples were studied using both optical and electron microscopes. The eggshell microstructure indicates that these crocodiles likely nested along the edges of a lake and adjusted their reproductive strategies as conditions shifted over time.

Coauthor Dr. Michael Stein suggests that mekosuchines may have lost much of their inland habitat as the region dried. They would have been pushed into smaller waterways, where they had to compete with newly arrived crocodiles as well as cope with shrinking populations of their megafaunal prey.

Dr. Stein adds that the lake at Murgon was surrounded by dense forest.

"This forest was also home to the world's oldest-known songbirds, Australia's earliest frogs and snakes, a wide range of small mammals with South American links, as well as one of the world's oldest known bats," he says.

A Fossil Site That Continues to Reshape Australia's Early History

Prof. Archer describes the Tingamarra deposit at Murgon as part of a far larger scientific story, revealing details about life before Australia became isolated.

He recalls uncovering an unusual crocodilian jaw fragment in 1975 in the Texas Caves of southeastern Queensland. Although it is now known to belong to a mekosuchine crocodile, the specimen initially confused him.

The jawbone looked reptilian but had teeth resembling those of dinosaurs. Seeking clarity, he brought the fossil to Professor Max Hecht, a reptile expert at the American Museum of Natural History.

"When he saw it, Max nearly dropped his coffee cup," Prof. Archer says. "It closely resembled another kind of extinct croc with dinosaur-type teeth that had been found in South America. That was the first realization that crocodiles with teeth like this were also part of the older record in Australia."

Prof. Archer notes that he and his team have been working in Murgon since 1983, often literally digging in the backyard of enthusiastic residents.

"That year, UNSW colleague Henk Godhelp and I drove to Murgon, parked the car on the side of the road, grabbed our shovels, knocked on the door and asked if we could dig up their backyard," he says.

After explaining the potential prehistoric material beneath the sheep paddock and mentioning that fossil turtle shells had already been found nearby, the property owners eagerly agreed.

"From subsequent excavations, that's where the eggshell pieces came from. And, quite clearly, from the many fascinating animals that we've already found in this deposit since 1983, we know that with more digging there will be a lot more surprises to come."

How Fossils Help Guide Modern Conservation

For Prof. Archer, these discoveries serve a dual purpose. They illuminate Australia's ancient past -- and they can also inform strategies to protect vulnerable species facing rapid environmental change today.

He has been part of a multi-institutional effort known as the 'Burramys Project', which aims to rescue the Mountain Pygmy-possum (Burramys parvus) from the brink of extinction.

This alpine species is under severe pressure from climate change. The team found that its ancient relatives thrived for nearly 25 million years in lowland temperate rainforests, including those that once covered the Riversleigh region between 25 and 12 million years ago.

From this evidence, researchers concluded that the ancestors of modern Mountain Pygmy-possums probably followed rainforest habitats uphill during a warm and wet phase in the Pleistocene Epoch. When the alpine climate eventually cooled, the species developed survival strategies such as hibernation.

A few years ago, Prof. Archer's group collaborated with Trevor Evans of Secret Creek Sanctuary and received support from multiple organizations, including the Prague Zoo in the Czech Republic, to establish a breeding program in non-alpine rainforest near Lithgow.

Today, the Mountain Pygmy-possum population is thriving in that environment -- consistent with predictions drawn from the fossil record.

As climate change threatens more species, Prof. Archer says these findings show that not every story ends in decline.

"The Burramys Project is a demonstration that, at least in some cases, we can develop strategies to save endangered species," he says. "Clues from fossil records matter," he says. "Not just to understand the past, but also to help secure the future."

The newly named croc species, Wakkaoolithus godthelpi, honors the Wakka Wakka First Nations people whose Country includes the fossil site. The name also recognizes Henk Godthelp, a longtime member of the UNSW paleontology team alongside Prof. Archer, Professor Sue Hand and many other researchers and students.
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Massive hidden waves are rapidly melting Greenland's glaciers | ScienceDaily
Iceberg calving happens when large pieces of ice split from the front of a glacier and fall into the ocean. This natural event is a major contributor to the rapid reduction of ice on the Greenland ice sheet. For the first time, an international team led by the University of Zurich (UZH) and the University of Washington (UW) has used fiber-optic technology to track how the impact of falling ice, along with the movement of the released ice, causes glacial meltwater to mix with warmer seawater below the surface.


						
"The warmer water increases seawater-induced melt erosion and eats away at the base of the vertical wall of ice at the glacier's edge. This, in turn, amplifies glacier calving and the associated mass loss from ice sheets," explains Andreas Vieli, a professor in UZH's Department of Geography and co-author of the research. Vieli leads the Cryosphere cluster, one of six groups in the international GreenFjord project in southern Greenland, supported by the Swiss Polar Institute. The team's discovery about how ice and seawater interact was highlighted on the cover of Nature.

Wave measurements using fiber-optic cable on seafloor

During the GreenFjord project, researchers from UZH, UW and several Swiss partners carried out an extensive field campaign to study calving behavior. They placed a ten-kilometer-long fiber-optic cable on the seafloor across the fjord in front of the Eqalorutsit Kangilliit Sermiat glacier. This fast-moving glacier in southern Greenland releases about 3.6 km3 of ice into the ocean each year, which is almost three times the annual volume of the Rhone glacier near the Furka mountain pass in Switzerland.

The research team relied on Distributed Acoustic Sensing (DAS), a method that detects tiny vibrations along the cable caused by events such as newly formed crevasses, falling ice blocks, ocean waves or temperature changes. "This enables us to measure the many different types of waves that are generated after icebergs break off," says lead author Dominik Graff, a UW postdoctoral researcher affiliated with ETH Zurich.

Underwater waves amplify glacier melt and erosion

After an iceberg crashes into the water, surface waves called calving-induced tsunamis sweep across the fjord and mix the upper water layers. Because seawater in Greenland's fjords is warmer and denser than meltwater, it sinks toward the deeper layers.




The team also detected another type of wave that continues to move between density layers long after the surface becomes calm. These internal underwater waves, which can reach heights comparable to skyscrapers, cannot be seen from above but keep mixing the water for extended periods. This ongoing movement brings warm water upward, increasing melting and erosion at the glacier's edge and promoting further calving. "The fiber-optic cable allowed us to measure this incredible calving multiplier effect, which wasn't possible before," says Graff. The data gathered will support future efforts to document calving events and better understand the rapid decline of ice sheets.

A fragile and threatened system

Scientists have long known that interactions between seawater and calving play an important role in glacier retreat, but collecting detailed measurements in the field has been extremely difficult. Fjords filled with icebergs present constant hazards from falling ice, and satellite observations cannot capture what happens below the surface where these interactions occur. "Our previous measurements have often merely scratched the surface, so a new approach was needed," says Andreas Vieli.

The Greenland ice sheet covers an area around 40 times larger than Switzerland. If it were to melt completely, global sea levels would rise by about seven meters. The large volumes of meltwater flowing from shrinking glaciers can also disrupt major ocean currents such as the Gulf Stream, with significant consequences for Europe's climate. The retreat of calving glaciers further affects the ecosystems within Greenland's fjords. "Our entire Earth system depends, at least in part, on these ice sheets. It's a fragile system that could collapse if temperatures rise too high," warns Dominik Graff.
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Satellite images reveal the fastest Antarctic glacier retreat ever | ScienceDaily
A glacier on the Eastern Antarctic Peninsula has undergone the quickest ice loss documented in modern times, according to a major international study co-authored by Swansea University.


						
Published in Nature Geoscience, the research reports that Hektoria Glacier shortened by nearly half its length in only two months during 2023. The glacier shed eight kilometers of ice in that short period, a pace comparable to the rapid withdrawals that marked the end of the last ice age.

Led by the University of Colorado Boulder (CU Boulder), the global research team, which included Swansea glaciologist Professor Adrian Luckman, determined that the underlying landscape played a major role in accelerating the glacier's retreat.

Ice Plain Structure Fueled Rapid Breakup

Hektoria Glacier had been positioned on an ice plain, a level expanse of bedrock located below sea level. Once retreat began, this setting allowed large portions of ice to detach quickly and in sequence.

The remarkable speed and scale of the glacier's collapse may now guide researchers as they work to identify other glaciers with similar vulnerabilities and determine which ones require the closest observation.

Although Hektoria Glacier is modest in size by Antarctic standards, covering about 115 square miles (slightly smaller than the city of Austin, Texas), its abrupt retreat serves as a serious warning. Comparable events occurring on larger glaciers could significantly influence the rate of global sea level rise.




Unprecedented Retreat in Observational Records

Professor Adrian Luckman, a co-author of the study, stated: "Glaciers don't usually retreat this fast. The circumstances may be a little particular, but this scale of ice loss shows what may happen elsewhere in Antarctica, where glaciers are lightly grounded and sea ice loses its grip.

"Although the paleo record indicates some very rapid retreats in the past, the pace of retreat of Hektoria Glacier and its neighbors is unprecedented in the observational record.

"This is the latest chapter in a sequence of events which started with the collapse of the Larsen B Ice Shelf 23 years ago, marking a landscape-changing event that offers insights into the potential future rates of glacier retreat elsewhere in Antarctica."

Satellite and Seismic Evidence of Grounded Ice Loss

The research team used satellite data and seismic measurements to examine the glacier's breakdown in detail. Their analysis revealed several grounding lines, the points where a glacier transitions from resting on solid rock to floating on seawater. These features confirmed the presence of the ice plain and highlighted how easily the glacier could retreat when exposed to ocean-driven forces.




Seismic devices also detected glacier earthquakes, small tremors caused by abrupt ice shifts. These signals showed that the ice was still grounded at the time of retreat, meaning the loss directly contributed to global sea level rise.

Faster Sea Level Rise Possible if Conditions Repeat

Dr. Ted Scambos, a Senior Research Scientist at CU Boulder's Earth Science and Observation Center, noted: "This kind of lightning-fast retreat really changes what's possible for other, larger glaciers on the continent. If the same conditions are set up in some of the other areas, it could greatly speed up sea level rise from the continent."

The authors emphasize the importance of ongoing monitoring efforts and international scientific cooperation to better track and understand changes unfolding across Earth's frozen regions.
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The hidden brain bias that makes some lies so convincing | ScienceDaily
Detecting dishonesty requires people to interpret social cues, judge intent, and decide whether someone's words are trustworthy. Scientists have long wondered how we sort through this kind of social information and how we decide if someone is being honest. A key question is whether people evaluate information in the same way when it comes from a close friend or from someone they barely know.


						
To explore this, Yingjie Liu from North China University of Science and Technology led a research team investigating how people judge information depending on the relationship they share with the communicator.

Studying Deception Through Brain Imaging

According to findings published in JNeurosci, the researchers used a neuroimaging method to observe brain activity in 66 healthy adults. Pairs of participants sat facing each other but interacted through computer screens, allowing the scientists to control the flow of information. Each message the participants exchanged had consequences that were described as either a "gain" or a "loss." A "gain" referred to information that benefited both individuals in the pair, while a "loss" referred to information that produced a negative outcome. Contributing researcher Rui Huang explained, "The key reason we chose 'gain' and 'loss' contexts is that they illustrate how people adjust decision-making in response to potential rewards or punishments."

The team discovered that people were more likely to trust false information during "gain" situations, and this behavior corresponded with activation in regions of the brain that process reward, assess risk, and interpret others' intentions. This suggests that the promise of a positive outcome can strongly influence whether a lie seems believable, even if the information should raise doubts.

Friends Show Unique Brain Patterns During Deception

One of the most striking findings involved the role of friendship. When the person delivering the potentially deceptive information was considered a friend, both individuals showed synchronized brain activity. This synchrony shifted depending on the context. For example, brain regions involved in reward showed greater alignment during "gain" scenarios, while regions tied to risk evaluation became more synchronized during "loss" moments. This shared activity provided enough information for researchers to predict when a participant was likely to be deceived by a friend.

Why People May Trust Rewarding Lies

Taken together, the results indicate that people may be especially vulnerable to believing lies when the information suggests the possibility of a "gain." The study also highlights how the brain processes social information differently between friends, which may make it harder to accurately judge the truthfulness of what is being said. This combination of reward-driven thinking and interpersonal connection appears to influence how people weigh honesty, potentially leading them to accept false information more easily in certain situations.
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Scientists find a surprising link between lead and human evolution | ScienceDaily
A major international research effort is reshaping the long-held belief that lead exposure is primarily a modern problem. The new findings show that early human ancestors encountered lead repeatedly for more than two million years, suggesting that this toxic metal may have played an unexpected role in shaping the evolution of hominid brains, behavior, and possibly language.


						
The study -- published in Science Advances -- also offers a new angle on why modern humans ultimately surpassed Neanderthals. Lab-grown brain organoids with Neanderthal genetic variants reacted more strongly to lead than organoids with human genetics, hinting that Neanderthals may have been more vulnerable to lead's neurological effects.

Researchers from the Geoarchaeology and Archaeometry Research Group (GARG) at Southern Cross University (Australia), the Department of Environmental Medicine at the Icahn School of Medicine at Mount Sinai Hospital (New York, USA), and the School of Medicine at the University of California San Diego (UCSD, USA) combined fossil chemistry, brain organoid experiments, and evolutionary genetics to uncover how lead factored into hominid history.

Evidence of Ancient Lead Exposure in Fossil Teeth

For many years, lead toxicity was assumed to be closely tied to human industry, including smelting, mining, and the use of leaded petrol and paint. That view shifted when researchers analysed 51 fossil teeth from a range of hominids and great apes, including Australopithecus africanus, Paranthropus robustus, early Homo, Neanderthals, and Homo sapiens. The teeth showed clear chemical traces of intermittent lead exposure that stretch back nearly two million years.

High-precision laser-ablation geochemistry performed at Southern Cross University's GARG Facility (located in Lismore, NSW) and at Mount Sinai's Exposomics laboratories revealed distinct 'lead bands' in the enamel and dentine. These bands formed during childhood and indicate recurring periods of lead intake from environmental sources (such as polluted water, soil, or volcanic activity) or from lead stored in the body's bones and released during times of stress or illness.

"Our data show that lead exposure wasn't just a product of the Industrial Revolution -- it was part of our evolutionary landscape," said Professor Renaud Joannes-Boyau, Head of the GARG research group at Southern Cross University.




"This means that the brains of our ancestors developed under the influence of a potent toxic metal, which may have shaped their social behavior and cognitive abilities over millennia."

How Lead Interacted With Early Brain Development

To understand the functional impact of this exposure, the team studied human brain organoids, which serve as simplified, lab-grown models of early brain development. They tested how lead affected two versions of a key developmental gene known as NOVA1, which regulates gene expression under lead exposure during neurodevelopment. The modern human version of NOVA1 differs from the variant seen in Neanderthals and other extinct hominids, although the reason for this evolutionary change was previously unclear.

Organoids carrying the Neanderthal-like NOVA1 variant showed substantial disruptions in FOXP2-expressing neurons in the cortex and thalamus when exposed to lead. These brain regions are essential for language and speech development. Organoids with the modern human NOVA1 gene showed far less disruption.

"These results suggest that our NOVA1 variant may have offered protection against the harmful neurological effects of lead," said Professor Alysson Muotri, Professor of Pediatrics/Cellular & Molecular Medicine and Director of the UC San Diego Sanford Stem Cell Institute Integrated Space Stem Cell Orbital Research Center.

"It's an extraordinary example of how an environmental pressure, in this case, lead toxicity, could have driven genetic changes that improved survival and our ability to communicate using language, but which now also influence our vulnerability to modern lead exposure."

Genetic Insights Into the Rise of Modern Humans




Genetic and proteomic data from the study showed that lead exposure in organoids with archaic gene variants disrupted multiple pathways tied to neurodevelopment, communication, and social behavior. The FOXP2 disruptions are especially noteworthy because of FOXP2's well-established role in speech and language. These results suggest that long-term pressure from environmental toxins may have nudged cognitive and communicative traits along different evolutionary paths in modern humans and Neanderthals.

"This study shows how our environmental exposures shaped our evolution," said Professor Manish Arora, Professor and Vice Chairman of Environmental Medicine.

"From the perspective of inter-species competition, the observation that toxic exposures can offer an overall survival advantage offers a fresh paradigm for environmental medicine to examine the evolutionary roots of disorders linked to environmental exposures."

What Ancient Lead Exposure Means for Us Today

Although modern lead exposure is mostly linked to industrial activities, it continues to pose a serious health threat, especially for children. The new findings show that human susceptibility to lead may be deeply rooted in our evolutionary past and shaped by interactions between genes and environmental conditions.

"Our work not only rewrites the history of lead exposure," added Professor Joannes-Boyau, "it also reminds us that the interaction between our genes and the environment has been shaping our species for millions of years, and continues to do so."

The research drew on fossil teeth from Africa, Asia, Europe, and Oceania, using detailed geochemical mapping to trace childhood episodes of lead intake. In parallel, brain organoids containing either modern or archaic NOVA1 genes were used to study how lead affected brain development, with particular attention to FOXP2, a gene central to language. Genetic, transcriptomic, and proteomic analyses were combined to build a broad understanding of how lead may have influenced the evolution of hominid cognition and social behavior.
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Ancient Chinese tombs reveal a hidden 4,000-year pattern | ScienceDaily
Tombs found throughout China, built from the time of the 4,000-year old Xia Dynasty to the present day, offer insight into long-term social and political trends. This conclusion comes from a study published October 29, 2025 in the open-access journal PLOS One by Quanbao Ma of the Beijing University of Civil Engineering and Architecture, China, along with colleagues.


						
The team created a detailed map of ancient tomb sites across the country to look for patterns in how these burial locations changed through time. Their analysis shows that both socioeconomic conditions and local geography likely played important roles in shaping where these tombs were placed.

How Stability and Prosperity Affected Tomb Construction

The researchers found that many of the better-preserved tombs date to periods marked by relative political and economic stability. Examples include the Qin-Han and Yuan-Ming-Qing dynasties. In contrast, fewer tombs survive from more turbulent eras, such as the Five Dynasties period. According to the study, people living during prosperous times may have had more resources and opportunities to focus on burial customs and beliefs about the afterlife.

Population changes also appear to have influenced where tombs were built. The researchers note that frequent conflict in northern China from the late Eastern Han dynasty through the Northern and Southern dynasties pushed many communities to relocate to the south. As a result, tombs from this era are more heavily concentrated in southern regions.

Two areas, the Chengdu-Chongqing region and the Central Plains, contain especially large numbers of surviving tombs. Chengdu-Chongqing has fertile and relatively level terrain, while the Central Plains combine flat landscapes with ample water. These environmental advantages would have supported long-lasting settlements. Both regions are also relatively humid, which the researchers suggest may have helped protect artifacts placed inside the tombs.

Preserving Cultural Heritage for the Future

According to the study, burial sites offer essential information about China's cultural heritage, and the researchers hope their findings will support future preservation efforts. They emphasize the importance of building a stronger scientific foundation for safeguarding these historically significant sites.

The authors state: "This study conducted a systematic digital survey and analysis of the spatiotemporal distribution characteristics and influencing factors of ancient tombs in China, revealing their evolution patterns and influencing factors, thus laying an important theoretical foundation for building a scientific and precise protection system."

This study was supported by the National Social Science Fund of China in the form of a grant awarded to Quanbao Ma (22FYSB019) and the National Social Science Fund of China in the form of a salary for Quanbao Ma. The specific roles of this author are articulated in the 'author contributions' section. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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Science finally solves a 700-year-old royal murder | ScienceDaily
An international team led by Hungarian scholars has successfully confirmed that skeletal remains discovered in Budapest belong to Duke Bela, the Ban of Macso, who descended from both the Arpad and Rurik dynasties. This finding resolves a long-standing archaeological mystery that has lingered for more than a century.


						
The project was organized by Tamas Hajdu (Department of Anthropology, Faculty of Sciences, Eotvos Lorand University (ELTE TTK)), with genetic analyses conducted by Anna Szecsenyi-Nagy and Noemi Borbely of the Institute of Archaeogenomics, ELTE RCH. Their work demonstrates how historical accounts can be validated and violent deaths reconstructed in remarkable detail when the humanities and natural sciences collaborate. The study has been published in Forensic Science International: Genetics.

Early Discoveries on Margaret Island

The story began in 1915, when archaeologists excavating the Dominican monastery on Margaret Island (Budapest) uncovered the bones of a young man in the sacristy. Based on the burial context, period sources, and the evidence of trauma on the skeleton, researchers at the time suggested that the remains belonged to Bela Duke of Macso, a member of the House of Arpad. Bela of Macso (born after 1243 -- died: November 1272) was the grandson of King Bela IV on his mother's side, while his father's lineage traced back to the Rurik dynasty of northern, Scandinavian origin, which produced numerous Grand Dukes of Kiev from the 9th century onward. According to 13th-century Austrian chronicles, Duke Bela was assassinated in November 1272 by Ban Henrik "Koszegi" of the Heder family and his associates. Contemporary stories describe how his mutilated body was collected by Margit (his sister) and Erzsebet (his niece) and buried at the Dominican monastery.

Lost Bones and a 20th-Century Disappearance

After the excavation, the remains were sent to Lajos Bartucz at the Institute of Anthropology of the Budapest University (now: Department of Anthropology, ELTE TTK) for bioanthropological study. Bartucz documented 23 sword cuts across the skeleton, along with multiple fatal skull injuries. He concluded that the duke had been attacked by several individuals simultaneously and had even been struck while lying on the ground. Bartucz mentioned the bones publicly in 1936 and published a photograph of the skull in 1938. After that, all references to the remains disappeared, and many experts believed they had been lost during the Second World War. Unexpectedly, in 2018 the postcranial bones were rediscovered in a wooden box stored among tens of thousands of specimens in the Anthropology Collection of the Hungarian Museum of Natural History, while the skull continued to be curated in the Aurel Torok Collection at ELTE.

Reopening the Case With Modern Science

In 2018, a new international research consortium was formed under the leadership of Tamas Hajdu (Department of Biological Anthropology, ELTE TTK). The group included anthropologists, geneticists, an archaeologist, an archaeobotanist, stable isotope specialists, radiocarbon experts, and dentists. Their objective was to verify the identity of the remains using modern forensic and bioarchaeological methods and to reconstruct as fully as possible the life and death of the duke.




The find holds exceptional historical value. Besides King Bela III, Bela of Macso is the only confirmed member of the House of Arpad whose nearly complete skeleton is still preserved. This provides rare insight into both the genetic heritage of the Arpad dynasty and the Rurik line. Researchers from Vienna, Bologna, Helsinki, Harvard University, and multiple Hungarian institutions participated in the project.

Biological Profile and Diet Insights

Anthropological analysis showed that the man buried beneath the monastery floor on Margaret Island was in his early twenties. Radiocarbon dating was performed by two laboratories to ensure accuracy after early 14C measurements suggested a date slightly earlier than expected (second half of the 13th century). Additional tests by the Nuclear Research Institute (Debrecen) revealed that the unexpectedly early date was caused by dietary habits. The individual had consumed high amounts of animal protein, including fish and possibly shellfish that fed on ancient carbon sources, creating a known "reservoir" effect in the bones.

The team also examined dental calculus to further reconstruct his diet. More than a thousand microfossils were recovered from the tartar. Starch grains from wheat and barley, along with clear signs of milling, cooking, and baking, indicated that his meals included cooked wheat semolina and baked wheat bread.

Strontium isotope analysis, which helps determine where a person lived during different stages of life, showed that the individual did not grow up in the same place where he was buried. His early childhood isotope signatures match those found in the region of Vukovar and Syrmia (now part of Croatia and Serbia; earlier this region was a part of the Macso Banat of the Medieval Kingdom of Hungary), as well as other parts of the Carpathian Basin. Later in childhood he moved to a different area, possibly near modern Budapest.

Genetic Evidence Links the Skeleton to Royal Lineages

The final confirmation of identity was carried out at the Institute of Archaeogenomics of ELTE RCH by Anna Szecsenyi-Nagy and Noemi Borbely. Multiple lines of genetic evidence supported the genealogical connections described in historical documents. The results show that Bela of Macso was the great-grandson (fourth-degree descendant) of King Bela III, and his genetic distance to Saint Ladislaus fits this expected lineage pattern.




Genome-wide analysis revealed that the duke had a strong Scandinavian genetic component (almost half), significant Eastern Mediterranean ancestry, and a smaller early medieval Central European component. The Scandinavian contribution supports his descent from the Rurik dynasty, while the Eastern Mediterranean component may correspond to his maternal grandmother, Maria Laskarina, a member of the Byzantine imperial family and wife of Bela IV. Y-chromosome results also confirm the historically documented Rurik paternal line. A 2023 Russian archaeogenomic study showed that a 13th-century Rurikid (Dmitry Alexandrovich) belonged to the same paternal lineage, which can be traced back to Yaroslav I (Yaroslav Vladimirovich, also known as Yaroslav the Wise). Genetic data from present-day Rurikid descendants further reinforces this connection.

Reconstructing a Coordinated and Brutal Assassination

To understand how Bela died and to compare the evidence with medieval accounts, the team conducted a detailed forensic anthropological investigation. The analysis documented 26 perimortem injuries, including nine to the skull and 17 to the rest of the body, all inflicted during a single violent attack. The pattern of wounds suggests that three assailants took part: one confronted him from the front while the others struck from the left and right.

The wounds show that Bela recognized the attack and tried to defend himself. Two types of weapons were likely used, probably a sabre and a longsword. The depth and clarity of the cuts indicate that he wore no armor when he was killed. The reconstructed sequence of violence begins with strikes to the head and upper body, followed by severe defensive injuries as he attempted to block further blows. He was ultimately incapacitated by strikes from the side, and once he fell to the ground, the attackers delivered fatal blows to his head and face. The number and intensity of these injuries point to strong emotional motivation (e.g. sudden anger, hatred), while the coordinated nature of the attack suggests planning. Although Duke Bela's assassination in November 1272 appears to have been partly or wholly premeditated, the manner of the killing indicates that it was not carried out calmly.

Researchers and institutions participating in the research project:
    	Tamas Hajdu coordinator of the project, first author: Department of Biological Anthropology at ELTE, Budapest and Centre for Applied Bioanthropology, Institute for Anthropological Research, Zagreb, Croatia
    	Noemi Borbely, corresponding author: Institute of Archaeogenomics, ELTE RCH, Budapest and Doctoral School of Biology at ELTE
    	Zsolt Bernert and Agota Buzar: Hungarian Natural History Museum, Budapest
    	Tamas Szeniczey: Department of Biological Anthropology at ELTE, Budapest
    	Istvan Major, Mihaly Molnar, Aniko Horvath, Laszlo Palcsu and Zsuzsa Lisztes-Szabo: Isotope Climatology and Environmental Research Centre, HUN-REN Institute for Nuclear Research, Debrecen
    	Zsuzsa Lisztes-Szabo: Department of Botany, Faculty of Science and Technology, University of Debrecen, Debrecen
    	Claudio Cavazzuti: Department of History and Culture, Alma Mater Studiorum, University of Bologna, Bologna, Italy
    	Barna Arpad Kelentey and Janos Angyal: Faculty of Dentistry, University of Debrecen, Debrecen
    	Balazs Gusztav Mende and Kristof Jakab: Institute of Archaeogenomics, ELTE RCH, Budapest
    	Takacs Agoston: Medieval Department, Castle Museum -- Budapest History Museum, Budapest
    	Olivia Cheronet and Ron Pinhasi: Department of Evolutionary Anthropology, University of Vienna, Vienna, Austria.
    	David Emil Reich: Department of Genetics, Harvard Medical School, Boston, USA, Department of Human Evolutionary Biology, Harvard University, Cambridge, USA, Broad Institute of MIT and Harvard, Cambridge, USA es Howard Hughes Medical Institute, Boston, USA
    	Martin Trautmann, correspondig author: Department of Cultures/Archaeology, University of Helsinki, Helsinki, Finland es A und O -- Anthropologie und Osteoarchaologie Praxis fur Bioarchaologie, Munchen
    	Anna Szecsenyi-Nagy, last author: Institute of Archaeogenomics, ELTE RCH, Budapest
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Amazon scorpion venom shows stunning power against breast cancer | ScienceDaily
The venom of an Amazonian scorpion species may contain a compound capable of helping treat breast cancer, a disease that remains one of the top causes of death among women.


						
Researchers at the University of Sao Paulo's Ribeirao Preto School of Pharmaceutical Sciences (FCFRP-USP) in Brazil have pinpointed a molecule in the toxin of Brotheas amazonicus that appears to attack breast cancer cells in a way similar to a widely used chemotherapy medication.

These early findings were generated through a collaboration with scientists from the National Institute for Amazonian Research (INPA) and the Amazonas State University (UEA), and were presented during FAPESP Week France in the Occitanie region of southern France.

"Through bioprospecting, we were able to identify a molecule in the species of this Amazonian scorpion that is similar to that found in the venoms of other scorpions and that acts against breast cancer cells," said Eliane Candiani Arantes, a professor at FCFRP-USP and the coordinator of the project.

Turning Venom Components Into Biopharmaceutical Tools

Teams at FCFRP-USP and partner institutions have long worked to clone and express bioactive molecules, including proteins from rattlesnake and scorpion venom. These efforts take place within projects supported by FAPESP and connected to the Center for Translational Science and Development of Biopharmaceuticals (CTS), housed at the Center for the Study of Venoms and Venomous Animals (CEVAP) at Sao Paulo State University (UNESP) in Botucatu.

One result of this research is CEVAP's patented fibrin sealant, described as a "biological glue." It is produced from serinoproteinase enzymes extracted from snake venom (including Bothrops neuwiedi pauloensis and Crotalus durissus terrificus) combined with cryoprecipitate enriched with fibrinogen from buffalo, cattle, or sheep.




When applied, these components form a fibrin structure resembling the body's natural clotting and tissue repair processes. The sealant has been investigated for use in nerve repair, bone healing, and restoring movement following spinal cord injury. It is currently undergoing phase three clinical trials, which represent the final evaluation stage required before approval of a new therapy.

Advancing Fibrin Sealant Technology Through Genetic Expression

Recently, researchers cloned and expressed another rattlesnake serine protease known as cholinein-1. Its amino acid sequence differs from gyroxine, a toxin taken directly from rattlesnake venom and used in fibrin sealant production.

"Our idea now is to obtain this serine protease through heterologous expression [in a fragment or complete gene from a host organism that doesn't have it naturally] in Pichia pastoris," Arantes explained.

Using this same yeast species, first isolated in France in 1950, the researchers also plan to produce an endothelial growth factor called CdtVEGF. This molecule was originally identified in the venom of Crotalus durissus terrificus.

"This growth factor favors the formation of new vessels. If we combine it with colinein-1, we can create an improved fibrin sealant compared to the one being developed at CEVAP, with the possibility of expanding the industrial scale, since it can be obtained through heterologous expression," she said.




Through similar genetic expression approaches, the team identified two neurotoxins in scorpion venom with immunosuppressive effects. Working with collaborators at INPA and UEA, they also found a molecule named BamazScplp1 in the venom of Brotheas amazonicus that appears to have anti-tumor potential.

Laboratory tests showed that the peptide's impact on breast cancer cells was comparable to paclitaxel, a commonly prescribed chemotherapy treatment. It primarily triggers necrosis, a form of cell death previously associated with molecules from other scorpion species.

"We also intend to obtain these molecules through heterologous expression," said Arantes.

Developing New Cancer Therapies With Radioisotopes

In Campinas, in the state of Sao Paulo, researchers at a Research, Innovation and Dissemination Center (RIDC) funded by FAPESP -- the Cancer Theranostics Innovation Center (CancerThera) -- are pursuing a different therapeutic strategy. Their goal is to combine diagnosis and targeted treatment in a single approach.

This method originated in Germany and involves attaching various radioisotopes to molecules that target specific tumors. These tagged molecules can then be used in imaging and treatment.

"Depending on the type of radiation emitted by the isotope we attach to the molecule -- whether positron or gamma -- we can produce images of it using the tomography equipment available at CancerThera. When we document that an isotope captures too much of a particular molecule, we can replace it with another that emits more intense radiation locally and thus treat tumors," explained Celso Dario Ramos, a professor at the School of Medical Sciences at the State University of Campinas (FCM-UNICAMP) and one of CancerThera's lead researchers.

One group at the center focuses on identifying molecules that accumulate in different cancers, while the clinical team evaluates how known compounds might be repurposed.

"We've been studying known molecules from hematological cancers, primarily multiple myeloma, as well as other unknown molecules from head and neck cancer, liver cancer, sarcomas, lung cancer, colorectal cancer, and gastric cancer, among others. In addition, we've also been studying thyroid cancer, which has been treated with radioactive material, radioactive iodine, for many years, but some patients are resistant. That's why we're trying to identify another treatment possibility, with a different radioactive material, for these patients," Ramos told Agencia FAPESP.

A Personalized Cancer Vaccine Built From Dendritic Cells

Another experimental strategy is under development at the Biomedical Sciences Institute at the University of Sao Paulo (ICB-USP), where researchers are exploring an immunotherapy based on dendritic cells.

These cells are important components of the immune system, and their functioning is often compromised in cancer patients, explained Jose Alexandre Marzagao Barbuto, a professor at ICB-USP and the project coordinator.

"A few years ago it was discovered that it's possible to take monocytes from the blood cells of cancer patients and turn them into dendritic cells in the laboratory. But the dendritic cells produced in this way are often diverted to induce tolerance."

To address this issue, the team created dendritic cells from healthy donors and fused them with cancer cells from patients, producing a personalized vaccine designed to activate the immune system against the individual's own tumor.

Results from studies involving various cancers, including more recent tests with glioblastoma patients, suggest that this strategy can be effective when the immune response it generates is properly controlled.

"The immune system interprets this vaccine, based on dendritic cells from a healthy donor fused with the patient's tumor cells, as a transplant and reacts violently," said Barbuto. "We did the first studies on patients with melanoma and kidney cancer, and the results were very good, and others with glioblastoma. Now we're hoping to carry out a phase three clinical study."

Using AI to Improve MRI Predictions for Brain Cancer

Researchers at the Cancer University Institute of Toulouse (IUCT-Oncopole) in France are also contributing to the understanding of glioblastoma. Their work investigates whether artificial intelligence applied to magnetic resonance imaging can reliably indicate whether chemotherapy patients have a DNA modification associated with treatment outcomes and survival.

The modification, known as "MGMT promoter region methylation," influences how the MGMT protein is produced and regulated.

"MGMT methylation status is an important prognostic factor, but it requires biopsies that aren't necessarily representative of the entire tumor and can vary in recurrence," said Elizabeth Moyal, a researcher at IUCT-Oncopole and coordinator of the project.

Partnering with computer scientist Ahmed Berjaoui from IRT Saint-Exupery, the team adopted AI techniques originally designed for aerospace applications to help resolve these challenges.

"We've developed a model capable of predicting survival with high accuracy, ranging from 80% to 90%, and which surpasses other existing techniques," said Berjaoui.
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Secret underwater language of Hawaiian monk seals has 25 new calls | ScienceDaily
New research led by the UH Hawai`i Institute of Marine Biology (HIMB) Marine Mammal Research Program (MMRP) has greatly expanded scientists' understanding of how Hawaiian monk seals (Neomonachus schauinslandi) produce underwater sounds. The study, published in Royal Society Open Science, examined thousands of hours of passive acoustic recordings and uncovered 25 distinct underwater vocalizations. This represents a major jump from the six call types previously documented from seals in human care.


						
Researchers also found that the seals use these low-frequency calls throughout the day. Similar vocal patterns were detected across the Hawaiian Archipelago, and calling rates increased in areas with larger seal populations. These findings create an essential foundation for interpreting the acoustic environment of this critically endangered and uniquely Hawaiian species.

Revealing a Hidden Acoustic World

"We discovered that Hawaiian monk seals -- one of the world's most endangered marine mammals -- are far more vocal underwater than previously known," shares Kirby Parnell, lead author of the study and a PhD candidate with MMRP. "By analyzing over 4,500 hours of recordings from across the Hawaiian Archipelago, we identified more than 23,000 vocalizations representing at least 25 distinct call types."

The research team used passive acoustic recorders placed at five important monk seal habitats, spanning sites from Moloka`i to the remote Northwestern Hawaiian Islands. Their analysis revealed three major breakthroughs:
    	Expanded Vocal Repertoire: Twenty previously unknown call types were identified.
    	Novel Communication Strategy: Evidence suggests monk seals can link different calls to create "combinational calls" -- a form of communication never before documented in any pinniped species.
    	A Distinct Foraging Call: Researchers identified a new elemental call type, the Whine, used during foraging. This is only the second recorded instance of a seal species vocalizing while actively pursuing prey.

"We were surprised by the sheer diversity and complexity of monk seal vocalizations," notes Parnell. "The discovery of combinational calls, where seals link multiple call types together, suggests a previously unknown level of complexity in pinniped acoustic communication. Finding a new call type -- the Whine -- associated with foraging behavior was also unexpected and suggests that monk seals may use sound not only for mating or socializing, but possibly for foraging purposes as well."

Conservation Importance in Hawaiian Waters

The Hawaiian monk seal is the only marine mammal found exclusively in Hawai`i and holds significant cultural value. Understanding its acoustic behavior is crucial for conservation efforts, especially as ocean noise continues to increase.




"This research provides the first comprehensive description of free-ranging Hawaiian monk seal underwater sound production, an important step toward understanding how they use sound for critical life-history events," explains Lars Bejder, Director of MMRP, Professor at HIMB, and co-author of the study. "Because their vocalizations overlap with the same low-frequency range as many human-generated sounds (e.g. vessel noise), this work also helps us evaluate how ocean noise may affect communication, reproduction, and behavior in this endangered species."

These results support the future use of passive acoustic monitoring to track monk seal populations across their broad habitat range and protect the sound environments they rely on. Continued research will connect specific vocalizations to particular behaviors, including foraging, movement, social interactions, and reproduction. Another key goal is the development of automated detection systems that can monitor seal sounds more efficiently and with minimal disturbance, offering a long-term tool for conservation and ecological research.

The Team Behind the Discovery

The project brought together graduate students, undergraduate students, and recent alumni from the University of Hawai`i at Manoa, along with collaborators from France and the Pacific Islands Fisheries Science Center's Hawaiian Monk Seal Research Program.

"Manually annotating over 23,000 calls by hand is no small feat, and I have a team of interns to thank for helping with the analysis!" shares Parnell. "This research would also not have been possible without the support of the Hawaiian Monk Seal Research Program, who deployed and retrieved the acoustic recorders in the Papahanaumokuakea National Marine Sanctuary."

The study was supported by NOAA Fisheries through the Cooperative Ecosystem Studies Unit (CESU) award NA19NMF4720181.
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The hidden brain bias that makes some lies so convincing | ScienceDaily
Detecting dishonesty requires people to interpret social cues, judge intent, and decide whether someone's words are trustworthy. Scientists have long wondered how we sort through this kind of social information and how we decide if someone is being honest. A key question is whether people evaluate information in the same way when it comes from a close friend or from someone they barely know.


						
To explore this, Yingjie Liu from North China University of Science and Technology led a research team investigating how people judge information depending on the relationship they share with the communicator.

Studying Deception Through Brain Imaging

According to findings published in JNeurosci, the researchers used a neuroimaging method to observe brain activity in 66 healthy adults. Pairs of participants sat facing each other but interacted through computer screens, allowing the scientists to control the flow of information. Each message the participants exchanged had consequences that were described as either a "gain" or a "loss." A "gain" referred to information that benefited both individuals in the pair, while a "loss" referred to information that produced a negative outcome. Contributing researcher Rui Huang explained, "The key reason we chose 'gain' and 'loss' contexts is that they illustrate how people adjust decision-making in response to potential rewards or punishments."

The team discovered that people were more likely to trust false information during "gain" situations, and this behavior corresponded with activation in regions of the brain that process reward, assess risk, and interpret others' intentions. This suggests that the promise of a positive outcome can strongly influence whether a lie seems believable, even if the information should raise doubts.

Friends Show Unique Brain Patterns During Deception

One of the most striking findings involved the role of friendship. When the person delivering the potentially deceptive information was considered a friend, both individuals showed synchronized brain activity. This synchrony shifted depending on the context. For example, brain regions involved in reward showed greater alignment during "gain" scenarios, while regions tied to risk evaluation became more synchronized during "loss" moments. This shared activity provided enough information for researchers to predict when a participant was likely to be deceived by a friend.

Why People May Trust Rewarding Lies

Taken together, the results indicate that people may be especially vulnerable to believing lies when the information suggests the possibility of a "gain." The study also highlights how the brain processes social information differently between friends, which may make it harder to accurately judge the truthfulness of what is being said. This combination of reward-driven thinking and interpersonal connection appears to influence how people weigh honesty, potentially leading them to accept false information more easily in certain situations.
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Scientists find a surprising link between lead and human evolution | ScienceDaily
A major international research effort is reshaping the long-held belief that lead exposure is primarily a modern problem. The new findings show that early human ancestors encountered lead repeatedly for more than two million years, suggesting that this toxic metal may have played an unexpected role in shaping the evolution of hominid brains, behavior, and possibly language.


						
The study -- published in Science Advances -- also offers a new angle on why modern humans ultimately surpassed Neanderthals. Lab-grown brain organoids with Neanderthal genetic variants reacted more strongly to lead than organoids with human genetics, hinting that Neanderthals may have been more vulnerable to lead's neurological effects.

Researchers from the Geoarchaeology and Archaeometry Research Group (GARG) at Southern Cross University (Australia), the Department of Environmental Medicine at the Icahn School of Medicine at Mount Sinai Hospital (New York, USA), and the School of Medicine at the University of California San Diego (UCSD, USA) combined fossil chemistry, brain organoid experiments, and evolutionary genetics to uncover how lead factored into hominid history.

Evidence of Ancient Lead Exposure in Fossil Teeth

For many years, lead toxicity was assumed to be closely tied to human industry, including smelting, mining, and the use of leaded petrol and paint. That view shifted when researchers analysed 51 fossil teeth from a range of hominids and great apes, including Australopithecus africanus, Paranthropus robustus, early Homo, Neanderthals, and Homo sapiens. The teeth showed clear chemical traces of intermittent lead exposure that stretch back nearly two million years.

High-precision laser-ablation geochemistry performed at Southern Cross University's GARG Facility (located in Lismore, NSW) and at Mount Sinai's Exposomics laboratories revealed distinct 'lead bands' in the enamel and dentine. These bands formed during childhood and indicate recurring periods of lead intake from environmental sources (such as polluted water, soil, or volcanic activity) or from lead stored in the body's bones and released during times of stress or illness.

"Our data show that lead exposure wasn't just a product of the Industrial Revolution -- it was part of our evolutionary landscape," said Professor Renaud Joannes-Boyau, Head of the GARG research group at Southern Cross University.




"This means that the brains of our ancestors developed under the influence of a potent toxic metal, which may have shaped their social behavior and cognitive abilities over millennia."

How Lead Interacted With Early Brain Development

To understand the functional impact of this exposure, the team studied human brain organoids, which serve as simplified, lab-grown models of early brain development. They tested how lead affected two versions of a key developmental gene known as NOVA1, which regulates gene expression under lead exposure during neurodevelopment. The modern human version of NOVA1 differs from the variant seen in Neanderthals and other extinct hominids, although the reason for this evolutionary change was previously unclear.

Organoids carrying the Neanderthal-like NOVA1 variant showed substantial disruptions in FOXP2-expressing neurons in the cortex and thalamus when exposed to lead. These brain regions are essential for language and speech development. Organoids with the modern human NOVA1 gene showed far less disruption.

"These results suggest that our NOVA1 variant may have offered protection against the harmful neurological effects of lead," said Professor Alysson Muotri, Professor of Pediatrics/Cellular & Molecular Medicine and Director of the UC San Diego Sanford Stem Cell Institute Integrated Space Stem Cell Orbital Research Center.

"It's an extraordinary example of how an environmental pressure, in this case, lead toxicity, could have driven genetic changes that improved survival and our ability to communicate using language, but which now also influence our vulnerability to modern lead exposure."

Genetic Insights Into the Rise of Modern Humans




Genetic and proteomic data from the study showed that lead exposure in organoids with archaic gene variants disrupted multiple pathways tied to neurodevelopment, communication, and social behavior. The FOXP2 disruptions are especially noteworthy because of FOXP2's well-established role in speech and language. These results suggest that long-term pressure from environmental toxins may have nudged cognitive and communicative traits along different evolutionary paths in modern humans and Neanderthals.

"This study shows how our environmental exposures shaped our evolution," said Professor Manish Arora, Professor and Vice Chairman of Environmental Medicine.

"From the perspective of inter-species competition, the observation that toxic exposures can offer an overall survival advantage offers a fresh paradigm for environmental medicine to examine the evolutionary roots of disorders linked to environmental exposures."

What Ancient Lead Exposure Means for Us Today

Although modern lead exposure is mostly linked to industrial activities, it continues to pose a serious health threat, especially for children. The new findings show that human susceptibility to lead may be deeply rooted in our evolutionary past and shaped by interactions between genes and environmental conditions.

"Our work not only rewrites the history of lead exposure," added Professor Joannes-Boyau, "it also reminds us that the interaction between our genes and the environment has been shaping our species for millions of years, and continues to do so."

The research drew on fossil teeth from Africa, Asia, Europe, and Oceania, using detailed geochemical mapping to trace childhood episodes of lead intake. In parallel, brain organoids containing either modern or archaic NOVA1 genes were used to study how lead affected brain development, with particular attention to FOXP2, a gene central to language. Genetic, transcriptomic, and proteomic analyses were combined to build a broad understanding of how lead may have influenced the evolution of hominid cognition and social behavior.
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Scientists recover 40,000-year-old mammoth RNA still packed with clues | ScienceDaily
Researchers from Stockholm University have -- for the first time ever -- managed to successfully isolate and sequence RNA molecules from Ice Age woolly mammoths. These RNA sequences are the oldest ever recovered and come from mammoth tissue preserved in the Siberian permafrost for nearly 40,000 years. The study, published in the journal Cell, demonstrates that RNA, along with DNA and proteins, can remain intact for extremely long periods and can reveal new details about long-extinct species.


						
"With RNA, we can obtain direct evidence of which genes are 'turned on', offering a glimpse into the final moments of life of a mammoth that walked the Earth during the last Ice Age. This is information that cannot be obtained from DNA alone," says Emilio Marmol, lead author of the study. Formerly a postdoctoral researcher at Stockholm University, he is now based at the Globe Institute in Copenhagen. During his time at Stockholm University, he collaborated with researchers at SciLifeLab and the Centre for Palaeogenetics, a joint initiative between Stockholm University and the Swedish Museum of Natural History.

Why Ancient RNA Matters

Understanding how prehistoric genes functioned and were activated is crucial for learning more about extinct species. Scientists have spent years analyzing mammoth DNA to reconstruct their genomes and evolutionary relationships, but RNA has remained largely inaccessible. Because RNA breaks down quickly after death, many researchers assumed it could not survive long enough to be studied in animals that disappeared thousands of years ago.

"We gained access to exceptionally well-preserved mammoth tissues unearthed from the Siberian permafrost, which we hoped would still contain RNA molecules frozen in time," adds Emilio Marmol.

"We have previously pushed the limits of DNA recovery past a million years. Now, we wanted to explore whether we could expand RNA sequencing further back in time than done in previous studies," says Love Dalen, professor of Evolutionary Genomics at Stockholm University and the Centre for Palaeogenetics.

The Oldest RNA Ever Sequenced

The researchers identified distinct patterns of gene expression in frozen muscle tissue from Yuka, a juvenile mammoth that died almost 40,000 years ago. Among the more than 20,000 protein-coding genes in the mammoth genome, only a portion were active. The RNA molecules they detected coded for proteins involved in muscle contraction and metabolic responses to stress.




"We found signs of cell stress, which is perhaps not surprising since previous research suggested that Yuka was attacked by cave lions shortly before his death," says Emilio Marmol.

They also uncovered numerous RNA molecules involved in regulating gene activity within the mammoth muscle.

Ancient microRNAs Confirm Authentic Mammoth Signals

"RNAs that do not encode for proteins, such as microRNAs, were among the most exciting findings we got," says Marc Friedlander, associate professor at the Department of Molecular Biosciences, The Wenner-Gren Institute at Stockholm University and SciLifeLab.

"The muscle-specific microRNAs we found in mammoth tissues are direct evidence of gene regulation happening in real time in ancient times. It is the first time something like this has been achieved," he says.

These microRNAs helped confirm that the genetic signals truly originated from mammoths.




"We found rare mutations in certain microRNAs that provided a smoking-gun demonstration of their mammoth origin. We even detected novel genes solely based on RNA evidence, something never before attempted in such ancient remains," notes Bastian Fromm, associate professor at the Arctic University Museum of Norway (UiT).

RNA Survives Far Longer Than Expected

"RNA molecules can survive much longer than previously thought."

"Our results demonstrate that RNA molecules can survive much longer than previously thought. This means that we will not only be able to study which genes are 'turned on' in different extinct animals, but it will also be possible to sequence RNA viruses, such as influenza and coronaviruses, preserved in Ice Age remains," says Love Dalen.

In the years ahead, the team hopes to integrate prehistoric RNA with DNA, proteins, and other preserved biomolecules.

"Such studies could fundamentally reshape our understanding of extinct megafauna as well as other species, revealing the many hidden layers of biology that have remained frozen in time until now," finishes Emilio Marmol.

Woolly Mammoths and Their Disappearance

Woolly mammoths once roamed the icy plains of Eurasia and North America, perfectly adapted to life during the last Ice Age (approximately 115,000-11,500 years ago). With their thick coats, curved tusks, and towering size, they grazed the vast steppes that stretched across the northern hemisphere. But as the climate warmed, the woolly mammoths gradually vanished, with the last small herds surviving on remote Arctic islands until just 4,000 years ago.
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Science finally solves a 700-year-old royal murder | ScienceDaily
An international team led by Hungarian scholars has successfully confirmed that skeletal remains discovered in Budapest belong to Duke Bela, the Ban of Macso, who descended from both the Arpad and Rurik dynasties. This finding resolves a long-standing archaeological mystery that has lingered for more than a century.


						
The project was organized by Tamas Hajdu (Department of Anthropology, Faculty of Sciences, Eotvos Lorand University (ELTE TTK)), with genetic analyses conducted by Anna Szecsenyi-Nagy and Noemi Borbely of the Institute of Archaeogenomics, ELTE RCH. Their work demonstrates how historical accounts can be validated and violent deaths reconstructed in remarkable detail when the humanities and natural sciences collaborate. The study has been published in Forensic Science International: Genetics.

Early Discoveries on Margaret Island

The story began in 1915, when archaeologists excavating the Dominican monastery on Margaret Island (Budapest) uncovered the bones of a young man in the sacristy. Based on the burial context, period sources, and the evidence of trauma on the skeleton, researchers at the time suggested that the remains belonged to Bela Duke of Macso, a member of the House of Arpad. Bela of Macso (born after 1243 -- died: November 1272) was the grandson of King Bela IV on his mother's side, while his father's lineage traced back to the Rurik dynasty of northern, Scandinavian origin, which produced numerous Grand Dukes of Kiev from the 9th century onward. According to 13th-century Austrian chronicles, Duke Bela was assassinated in November 1272 by Ban Henrik "Koszegi" of the Heder family and his associates. Contemporary stories describe how his mutilated body was collected by Margit (his sister) and Erzsebet (his niece) and buried at the Dominican monastery.

Lost Bones and a 20th-Century Disappearance

After the excavation, the remains were sent to Lajos Bartucz at the Institute of Anthropology of the Budapest University (now: Department of Anthropology, ELTE TTK) for bioanthropological study. Bartucz documented 23 sword cuts across the skeleton, along with multiple fatal skull injuries. He concluded that the duke had been attacked by several individuals simultaneously and had even been struck while lying on the ground. Bartucz mentioned the bones publicly in 1936 and published a photograph of the skull in 1938. After that, all references to the remains disappeared, and many experts believed they had been lost during the Second World War. Unexpectedly, in 2018 the postcranial bones were rediscovered in a wooden box stored among tens of thousands of specimens in the Anthropology Collection of the Hungarian Museum of Natural History, while the skull continued to be curated in the Aurel Torok Collection at ELTE.

Reopening the Case With Modern Science

In 2018, a new international research consortium was formed under the leadership of Tamas Hajdu (Department of Biological Anthropology, ELTE TTK). The group included anthropologists, geneticists, an archaeologist, an archaeobotanist, stable isotope specialists, radiocarbon experts, and dentists. Their objective was to verify the identity of the remains using modern forensic and bioarchaeological methods and to reconstruct as fully as possible the life and death of the duke.




The find holds exceptional historical value. Besides King Bela III, Bela of Macso is the only confirmed member of the House of Arpad whose nearly complete skeleton is still preserved. This provides rare insight into both the genetic heritage of the Arpad dynasty and the Rurik line. Researchers from Vienna, Bologna, Helsinki, Harvard University, and multiple Hungarian institutions participated in the project.

Biological Profile and Diet Insights

Anthropological analysis showed that the man buried beneath the monastery floor on Margaret Island was in his early twenties. Radiocarbon dating was performed by two laboratories to ensure accuracy after early 14C measurements suggested a date slightly earlier than expected (second half of the 13th century). Additional tests by the Nuclear Research Institute (Debrecen) revealed that the unexpectedly early date was caused by dietary habits. The individual had consumed high amounts of animal protein, including fish and possibly shellfish that fed on ancient carbon sources, creating a known "reservoir" effect in the bones.

The team also examined dental calculus to further reconstruct his diet. More than a thousand microfossils were recovered from the tartar. Starch grains from wheat and barley, along with clear signs of milling, cooking, and baking, indicated that his meals included cooked wheat semolina and baked wheat bread.

Strontium isotope analysis, which helps determine where a person lived during different stages of life, showed that the individual did not grow up in the same place where he was buried. His early childhood isotope signatures match those found in the region of Vukovar and Syrmia (now part of Croatia and Serbia; earlier this region was a part of the Macso Banat of the Medieval Kingdom of Hungary), as well as other parts of the Carpathian Basin. Later in childhood he moved to a different area, possibly near modern Budapest.

Genetic Evidence Links the Skeleton to Royal Lineages

The final confirmation of identity was carried out at the Institute of Archaeogenomics of ELTE RCH by Anna Szecsenyi-Nagy and Noemi Borbely. Multiple lines of genetic evidence supported the genealogical connections described in historical documents. The results show that Bela of Macso was the great-grandson (fourth-degree descendant) of King Bela III, and his genetic distance to Saint Ladislaus fits this expected lineage pattern.




Genome-wide analysis revealed that the duke had a strong Scandinavian genetic component (almost half), significant Eastern Mediterranean ancestry, and a smaller early medieval Central European component. The Scandinavian contribution supports his descent from the Rurik dynasty, while the Eastern Mediterranean component may correspond to his maternal grandmother, Maria Laskarina, a member of the Byzantine imperial family and wife of Bela IV. Y-chromosome results also confirm the historically documented Rurik paternal line. A 2023 Russian archaeogenomic study showed that a 13th-century Rurikid (Dmitry Alexandrovich) belonged to the same paternal lineage, which can be traced back to Yaroslav I (Yaroslav Vladimirovich, also known as Yaroslav the Wise). Genetic data from present-day Rurikid descendants further reinforces this connection.

Reconstructing a Coordinated and Brutal Assassination

To understand how Bela died and to compare the evidence with medieval accounts, the team conducted a detailed forensic anthropological investigation. The analysis documented 26 perimortem injuries, including nine to the skull and 17 to the rest of the body, all inflicted during a single violent attack. The pattern of wounds suggests that three assailants took part: one confronted him from the front while the others struck from the left and right.

The wounds show that Bela recognized the attack and tried to defend himself. Two types of weapons were likely used, probably a sabre and a longsword. The depth and clarity of the cuts indicate that he wore no armor when he was killed. The reconstructed sequence of violence begins with strikes to the head and upper body, followed by severe defensive injuries as he attempted to block further blows. He was ultimately incapacitated by strikes from the side, and once he fell to the ground, the attackers delivered fatal blows to his head and face. The number and intensity of these injuries point to strong emotional motivation (e.g. sudden anger, hatred), while the coordinated nature of the attack suggests planning. Although Duke Bela's assassination in November 1272 appears to have been partly or wholly premeditated, the manner of the killing indicates that it was not carried out calmly.

Researchers and institutions participating in the research project:
    	Tamas Hajdu coordinator of the project, first author: Department of Biological Anthropology at ELTE, Budapest and Centre for Applied Bioanthropology, Institute for Anthropological Research, Zagreb, Croatia
    	Noemi Borbely, corresponding author: Institute of Archaeogenomics, ELTE RCH, Budapest and Doctoral School of Biology at ELTE
    	Zsolt Bernert and Agota Buzar: Hungarian Natural History Museum, Budapest
    	Tamas Szeniczey: Department of Biological Anthropology at ELTE, Budapest
    	Istvan Major, Mihaly Molnar, Aniko Horvath, Laszlo Palcsu and Zsuzsa Lisztes-Szabo: Isotope Climatology and Environmental Research Centre, HUN-REN Institute for Nuclear Research, Debrecen
    	Zsuzsa Lisztes-Szabo: Department of Botany, Faculty of Science and Technology, University of Debrecen, Debrecen
    	Claudio Cavazzuti: Department of History and Culture, Alma Mater Studiorum, University of Bologna, Bologna, Italy
    	Barna Arpad Kelentey and Janos Angyal: Faculty of Dentistry, University of Debrecen, Debrecen
    	Balazs Gusztav Mende and Kristof Jakab: Institute of Archaeogenomics, ELTE RCH, Budapest
    	Takacs Agoston: Medieval Department, Castle Museum -- Budapest History Museum, Budapest
    	Olivia Cheronet and Ron Pinhasi: Department of Evolutionary Anthropology, University of Vienna, Vienna, Austria.
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